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PART III 

INFECTION AND RESISTANCE 

CHAPTEE 42 
TYPES OF IMMUNITY 

Till') term iiiuniniili/, iisod as wc use it liere, needs definition. As plain Englisli, 
it does not' mean what it says. This does not matter very mucli because, as Wbite- 
liead [)()ints out so aptly in his Inlrodiiction to Mathematics, the scientist shares 
with Iliimpty Diimpty the privilege of paying words extra and making 'them mean 
what lie likes. But if we are to avoid confusion we must at least give our words 
definite orders and see that they are obeyed. It happens that the state suggested 
by the word that we, have chosen as a generic label for the phenomena we wish to 
study i.s one about which we know very little, except that it exists. We have 
indeed not bothered very much about it. Complete natural insusceptibility to 
infection remo\'e.s the relationship between the particular host and parasite con- 
cerned from our field of inierc.st, except in so far as we can learn from any instance 
of this kind something of the genetic laws that determine the transmission of this 
innate and complete resistance. Our main business is with those interactions 
bc“twocu parasite and ho.st that are characterized by a fluctuating equilibrium, 
and with the factors that shift this equilibrium, so that sometimes the parasite, 
sometimes the host, gains the upper hand. Resistance would be a better word 
than Imnmnity ; but Immunity will serve well enough so long as we make it quite 
(dear that we are using it to denote the resultant of two opposing systems, and 
that this residtant can assume any value from zero to infinity. 

And our name misleads a little because of its associations. It happens to have 
been frequently applied to the data obtained by a particular kind of technique, 
and there has been a tendency to confuse technique with subject-matter. The 
special methods devised by the immunologist— if he must accept the- unpleasing 
name that custom has given him— are applicable to problems with which he has 
no concern ; while the field proper to his study extends far beyond the limits 
that would be imposed by any definition in terms of the particular technique 
employed. The student of immunity is concerned with all data relating to the 
mechanisms involved in infective disease, by whatever means they are obtained. 
Any account given at the present time must stress unduly a particular set of 
phenomena, simply because they are the only phenomena that have as yet been 
adequately studied ; but this is a historical accident that will be remedied by time. 

The phenomena that present themselves for study are derived from the most 

971 



972 


TYPES OF IMMUNITY 


diverse sources. Some come to ns from epidemiology, using that term in its widest 
sense. Under natural conditions different animal species show a widely dideriiig 
incidence of certain infections. Thus, anthrax is in the main a disease of licr])i\'ora. 
Of the animals dying of anthrax in this country in 1914, 733 were cattle, 5 wau'c 
sheep, 32 were swine and 25 were horses. In Australia and South America sheep 
are more commonly affected ; but Algerian sheep are stated to be highly resistant. 
Tuberculosis is one of the commonest natural infections of man and cattle. It is 
common in pigs and in fowls. It is relatively uncommon in sheep, goats, horses 
and dogs. It is stated to be very uncommon as a natural disease in ra])bits, guinea- 
pigs, rats and mice. Among mankind there are well-marked racial differences in 
its incidence and severity. In eight of the great cities of the United States in 
1920 the mortality from tuberculosis among the white population varied from 
0*794 to 1*216 per 1,000 living ; among the coloured population it varied from 
2*855 to 4*205 per 1,000. Such instances could be multiplied ad nauseam. 

The epidemiologist also records differences in the incidence and fatality of 
various infective diseases at different ages, suggesting in many cases an increase 
in resistance with age. He notes also that repeated attacks of the same infective 
diseases are in some instances very rare, as in measles, or smallpox, or diphtheria, 
or typhoid fever, while in others they are relatively common, as in influenza, or 
pneumonia, or the common cold. 

Other data come to us from clinical medicine in the narrower sense. Infections 
that, in their usual course, progress slowly to death or recovery sometimes assume 
a fulminating form. Such a protean infection as tuberculosis shows tlie widest 
diversity in the varying prominence of its local and general manifestations. And, 
in any infective disease, why do some patients die and others recover ? 

For the immunologist these are crude data that require analysis. Using his 
own methods he re-examines the phenomena presented by natural infection. Some- 
times he transforms the picture they present. He finds, for instance, that the 
recorded frequency of natural tuberculosis in various animal species does not in 
all cases refiect their relative resistance to experimental infection (see Chapter 59). 
He discovers also that there may be a diversity of immunological states wdthin a 
single clinical syndrome. This is true of tuberculosis ; there are different types 
of the tubercle bacillus, and a given host species is more resistant to one type 
than to another. It is true of lobar pneumonia. For the immunologist this is 
not one disease but several, each caused by a significantly different type of pneu- 
mococcus ; and he notes that the statement that second attacks of pneumonia 
are not uncommon may belong to the Baconian category of a truth that has in 
it a mixture of a lie. Again he finds that enteric fever is not one but many ; and 
his attempts at interference are planned accordingly. 

Another important change that the immunologist makes in the clinical and 
epidemiological picture is in regard to the character and extent of the association 
between any given parasite and the host species that it infects. He finds that 
the real range of interaction includes states of equilibrium in which the host shows 
no overt signs of disease. Whether we call all these conditions latent infections, 
or refer to many of the hosts as healthy carriers, matters little. No hair-splitting 
definition will help us much. The significant thing we have learned is that in 
some infections, such as measles, contact between a previously uninfected host 
and the virus of the disease usually results in a clinically characteristic attack, so 
that the epidemiological picture gives us a reasonably adequate description of 
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the biological association, while in other diseases, such as cerebrospinal meningitis 
or poliomyelitis, the clinically diagnosable cases form so small a fraction of the 
total number of infected persons that they might almost be regarded as occa- 
sional accidents in an association that, in its modal form, induces no such 
serious effects. 

In re-examining the data that he receives from the field and from the ward, 
the immunologist relies in large part on experiments on animals. When he tries 
to interpret his data he is forced to rely almost entirely on this fundamental method 
of study. He cannot advance without some simplification of his problems, some 
control, at least, over the innumerable variables that determine the incidence and 
results of infective disease as it occurs in nature. 

By such experiments he has found that he can increase the resistance of animals 
by infecting them with sublethal doses of a given pathogenic organism, or by 
injecting an organism that has lost its power to kill — though here he was fore- 
stalled by Jenner’s experiment of vaccination in man — or, more safely and con- 
veniently, by injecting dead organisms or their products. From analogy, and 
from the fact that he can demonstrate similar changes in the tissue fluids, he con- 
cludes that this artificial immunization in animals is essentially similar to the 
natural immunization that occurs during an attack of an infective disease. Since 
the tissues of the naturally infected or artificially immunized host play an active 
part in bringing about this increased resistance, he calls it active immunity. In 
some cases he finds that he can transmit this resistant state to a normally suscep- 
tible animal by injecting into it the serum of another animal that has been rendered 
immune. Since the tissues of the recipient appear to play a relatively passive 
part, he calls this passive immunity. He also finds that immunity of this kind is 
sometimes transmitted naturally from a mother to her young, either by the passage 
of the protective substances via the placental vessels, or by their ingestion during 
the first days or weeks of life in the colostrum. This he calls congenital passive 
immunity. 

And so, if he has a taste for classification, the immunologist can draw up some 
such list as this : 

1. Innate Immunity. 

2. Acquired Immunity. 

(а) Active. 

(a) Naturally acquired. 

(/S) Artificially induced. 

(б) Passive. 

(a) Naturally acquired (congenital). 

(|S) Artificially induced. 

Innate, or Genetic, Immunity. 

Of innate as opposed to acquired immunity, little need here be said. We have 
noted that different animal species may display wide differences in their resistance 
to various bacterial parasites, or to their toxins. This species immunity is of great 
practical importance in relation to the communicability of infective disease from 
animals to man, or from one animal species to another. 
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There can be no doubt that differences in innate resistance also occaiu within 
any animal species, one individual differing from another in this biological character 
as in any other. Of the extent of these differences and of the laws that govern 
their inheritance we as yet know very little. Within recent years a nuinber of 
workers have attempted to study this problem by direct experiment, and their 
results indicate that it is possible to increase or lower the average resistance of a 
given strain of rats, mice or other experimental animals, by selective breeding. 
^See for instance Webster 1923, 1924^, 6, 1925, 1933a, 6, Pritchett 1925, 1926a, h, 
Lambert and Knox 1928, Irwin 1929, 1933, Irwin and Hughes 1931, 1933, Lambert 
1932, Schott 1932, Gowen 1933, Gowen and Schott 1933a, 5, c, Schiitze el ah 193(), 
Hill et al, 1940, Lurie 1941, Gowen and Calhoun 1943). 

Experiments of this type are, however, subject to great technical difficulties. 'Flic 
obvious method of obtaining a strain of animals with a high genetic resistance is to infect 
an adequate sample with the bacterium under study, breed from the survivors, and repeal, 
the process through several subsequent generations. This plan has, in fact, been followed 
by some of the workers referred to above ; but it is clearly open to serious sources of error. 
In testing the resistance of our original generation we shall certainly alter it, and the o fleet 
of this alteration will not be confined to the parent animals. The surviving females will 
pass on a temporary passive immunity to their young ; and, since most of the species 
commonly employed in such tests attain sexual maturity within a few months at most, 
this congenital passive immunity may persist until the generation are tested. A much 
more serious source of error is that the survivors will often be carriers of the organisms 
with which they were infected. Either the male or female parent may thus infect t.ho 
young, inducing in them an acquired active immunity, or adding it to the congenital 
passive immunity already present. If this source of eiTor is avoided, by mating the 
original sample of animals at random, and testing them after they have been separated 
from their young, the number of animals that must be employed, and the resulting labour, 
are enormously increased ; since it will only be by chance that both parents of any one 
litter will be found to possess a resistance above, or below, the average. 

The papers referred to above describe various attempts to overcome, or minimize, 
these technical difficulties ; and they are very fully discussed in a recent mono- 
graph by Hill (1934). His conclusion is that, while possible errors of the kind we 
have mentioned render doubtful many of the observations that have been recorded, 
a presumptive case has been established for the existence of genetic differences 
in resistance within a breed or species, as well as between breeds or between spt^cies. 
In regard to the degree of these genetic differences, within a strain or breed, it is 
much more difficult to arrive at any just conclusion. Some of the differenct^s 
recorded have, in fact, been quite trivial ; but a few have been of a relatively lugh 
order. 

As an example of the latter we may quote results recorded by Webster (19336). J^y 
selective breeding, carried out through several generations, he was able to obtain a par- 
' ticularly resistant, and a particularly susceptible strain of mice, both originally derived 
from the strain that has been bred for many years at the Rockefeller Institute. Tine 
organism against which they were tested, in each successive generation, was Balm, ejHe.r- 
itidis. The susceptible strain finally developed showed a mortality of 85 to 95 per coat, 
when infected with this organism, while the resistant strain showed a mortality of the 
order of 15 per cent. It is of interest to note that the difference in resistance between these 
two strains was non-specific, in the ordinary bacteriological sense. Thus the susceptible 
strain showed a mortahty of 63 per cent., when tested against Past sepiica, 80 per cent, 
when tested against Fnedlander’s baciUns, and 38 per cent, when tested against the pneu- 
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mococcus, while the corresponding figures for the resistanb strain were 35 per cent., 45 
per cent, and 16 per cent, respectively. On the other hand the susceptible strain showed 
a mortality of 40 per cent., when tested against the virus of louping-ill, as compared with 
a mortality of 60 per cent, in the resistant strain ; so that the genetic factors concerned, 
whatever they -may be, do not seem to operate against all types of infection, though they 
are operative against many. 

Webster (1937) was later able to develop three strains of mice which he regarded 
as genetically stable in their reactions to Salm. enteritidis and to the virus of St. Louis 
encephalitis — one susceptible both to bacterium and virus, a second susceptible to 
bacterium but resistant to vhus, and a third resistant to virus but not to bacterium. 
The resistance displayed by the animals resulting from various cross-breeds of these 
strains were in accord with the hypothesis that susceptibility to the two infective agents 
is regulated by two distinct sets of inherited factors (see also Church 1939). 

Schtitze, Gorer and Finlayson (1936), who have made tests on Webster’s resistant 
and susceptible strains, record rather different results. The resistant strain showed a 
lower mortality than the susceptible when tested against 8alm, enteritidis or Salm, ty^hi- 
murium ; but when the two strains were tested against the pneumococcus, or against 
Past, septica, there was no significant difference in their behaviour. The discrepancy 
between these results and those recorded by Webster may be due to the fact that Sehutze 
and his colleagues infected their mice by intraperitoneal injection, while Webster used the 
intranasal route. In Schutze’s experiments both strains were equally susceptible to the 
virus of louping-ill. 

We are still largely ignorant of the defence mechanisms whose effectiveness is deter- 
mined by genetic constitution. Gorer and Schiitze (1938) found some evidence that in 
a strain of mice resistant to Salm. typJii-murium the specific antibody response to the 
“ H ” antigen was better than in a susceptible strain, but this relation did not hold for 
“ 0 ” antigen, nor for the “ H” or “ 0 ” antigens of Salm. enteritidis. Lurie (1941) on 
the other hand, working with inbred strains of rabbits, of low and high resistance, demon- 
strated that both the degree of cellular response to invasion by the bovine tubercle 
bacillus, and of skin response to the injection of heat-killed bacilli, was higher in the 
tuberculosis-resistant strains, (see p. 1299). In inbred strains of mice selected for resistance 
to Salm. typhi-murium the degree of resistance w’as found by Gowen and Calhoun (1943) 
to be correlated with the mean number of leucocytes circulating in the blood. A large 
number of circulating leucocytes, however, is probably a manifestation of a general not 
of a specific resistance to the organism, for, as Keich and Dunning (1941) showed in rats, 
the numbers of leucocytes may be correlated with general fitness for survival. 

Severens, Roberts and Card (1944) studied the defence mechanism in two breeds of 
hen, which as chicks aged 1-10 days were respectively susceptible and resistant to infection 
with Salm. pullorum. All the demonstrable differences in the reactions of the two breeds 
were connected with lymphocytes. Age for age, the number of circulating lymphocytes, 
the rate of their normal increase after hatching, and the number present in the tissues 
of the spleen, were all greater in the resistant breed of chick. Moreover, splenectomy 
reduced both resistance and the circulating lymphocytes in the resistant chicks, but had 
little effect on the susceptible. The resistance was not due to a greater bactericidal 
power of the blood, although blood lymphocytes were observed to be phagocytic. It is 
suggested that the greater availability of lymphocytes may have increased the resistance 
by providing large numbers of precursors for macrophages in the tissues of the resistant 
chicks. 

It would be unwise to expect that an increase in strain resistance would be deter- 
mined by a change in a single group of mechanisms. For example, Hill, Hatswell and 
Topley (1940) bred mice from the survivors of a certain dose of the endotoxin of Salm. 
typM-murium, and repeated the procedure for ten generations. The tenth generation 
was highly resistant to the toxin as compared with control unselected mice, but in spite 
of this it had not acquired any resistance to infection with the living bacillus. 
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Acciilired Immunity, 

It is with acquired immunity that we are here mainly concerned ; and oiir 
interest lies particularly in those reactions that we can induce, and study, in the 
laboratory. Before discussing these mechanisms in any detail, it will, however, 
be well to consider briefly the general difference in behaviour displayed by immune 
and susceptible animals. 

Grrades o! Immunity. 

We have noted that the kinds of immunity in which we are most interested 
are seldom absolute. To keep our ideas clear and precise we may consider briefly 
the grades of immunity that can, in fact, be demonstrated, remembering always 
that they shade into one another by imperceptible degrees. 

Big. 236 gives, in diagrammatic form, a rough classification that will be sufficient 
for our immediate needs. It represents an infection of the invasive type, associated 



NO IMMUNITY. 


PARTIAL IMMUNITY 

LCFf GRADE. 


PARTIAL IMMUNIIY 
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PARTIAL IMMUNITY 
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COMPLETE IMMUNITY. 
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GRADES OF IMMUNITY 


977 


witli a bactersemia (an invasion of tte blood stream by micro-organisms) as well 
as with local lesions ; but it can easily be modified to meet the case of a toxsemic 
infection. 

The width of the black wedge-shaped areas at any level may be taken to represent 
the chance of death, and the degree, or frequency, of bactersemia, of local lesions, 
and of latent infections, in a sample of individuals possessed of approximately the 
same grade of immunity. 

Thus, starting with the completely susceptible, we may assume that all, or 
almost all, infected individuals, will develop an acutely fatal bacter^mic infection. 
Local lesions will be infrequent, and minimal when they occur. There will be 
no latent infections. 

Passing to our next arbitrary grade — partial immunity of low degree — we find 
fatal bactersemic infections becoming less common, local lesions more frequent 
and more pronounced, and a small but increasing number of latent infections. 

With partial immunity of a medium grade we find bactersemia and death much 
less frequent, local lesions common and relatively extensive, and latent infections 
increasing in frequency. 

With partial immunity of a high grade, death no longer occurs, bactersemia 
is infrequent and, when it occurs, is slight and transient. Local lesions are becoming 
much less frequent and, when they occur, much less extensive. Latent infections 
reach a maximum frequency and then begin to decline. 

Finally we reach the ideal — perhaps never fully attained — of complete or solid 
immunity. The host is entirely impervious to all attacks of the parasite. 

It will not have escaped attention that the grades of resistance that we have 
labelled as partial immunity are compatible with severe and often fatal infections, 
and that many infective diseases in their common clinical form might be regarded 
as occurring in partially immune persons. This view is almost certainly the right 
one. The syndromes that normally characterize such diseases as typhoid fever, 
or lobar pneumonia, are expressions of partial immunity. They would not occur 
in a completely susceptible population attacked by a fully virulent parasite. The 
latter proviso is, of course, necessary. We may logically use the term immunity 
to express the relation of any given host to any given parasite, but events are 
determined by a balance — the balance between the virulence of the parasite and 
the resistance of the host. 

The conception that infective disease, as we usually see it, is an expression 
of partial immunity, and that minor increases in immunity tend to increase the 
frequency of milder infections, is of suiBdeient importance to justify a few illustrative 
examples, drawn from experimental data. 

It was noted by Smith and Moore (1892) that normal and actively immunized rabbits 
respond very differently to the subcutaneous inoculation of Pasteurella septica. Normal 
rabbits develop a rapidly fatal septicsemia. Immunized rabbits may develop large local 
abscesses, but show much less tendency to succumb to an acute generalized infection. 
More recent studies by Jones (1924) afford a good illustration of active immunity in all its 
grades. The normal rabbit is highly susceptible to Pasteurella septica^ dying of a general- 
ized septicaemia after the subcutaneous or intratracheal inoculation of 0*01 ml. of a broth 
culture. In the latter case pulmonary lesions are slight or absent. In rabbits partially 
immunized by a single injection of a killed vaccine a similar intratracheal injection of living 
culture is followed, in most cases, by a severe and fatal pneumonia, usually associated 
with a suppurative pleurisy and pericarditis. In rabbits immunized by repeated doses 
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of vaccine, intratracheal injections of living culture are usually v/iiliout effect, while sub- 
cutaneous injections lead to the formation of localized abscesses followed by rccov'^cry. 

Similar phenomena have been recorded in other bacterial infections. Thus AVads- 
worth (1904) found that the intratracheal injection of virulent pneumococci into normal 
rabbits was followed by a rapidly fatal septicaemia without local lesions, while similar 
injections in partially immunized rabbits were often followed by a characteristic pneumonic 
consolidation. 

Differences of the same kind have been observed when strains of pneumococci of varying 
virulence have been injected intratracheally into normal rabbits. Thus Gaskeil (1927) 
found that strains of high virulence gave rise to a rapidly fatal septiciemia without obvious 
pulmonary lesions ; those of lower virulence to a fatal lobar pneumonia ; those of still 
lower virulence to a patchy lobular consolidation, grading into an entire absence of reaction 
as the strains employed approached the region of complete avirulence. 

The Relation of Immunity to Epidemiology and to Clinical Medicine. 

Immunity is essentially an applied science. Its primary data are drawn fioin 
clinical medicine, and its outstanding achievement is that it enables us to do things, 
to interfere intelligently in the natural course of infective disease. 

It must, therefore, remain in the closest touch with the field and with the w<ard. 
Its hypotheses, based largely on experiments in the laboratory, must stand their 
trial under field conditions. And here we are faced with a difficulty that is not 
shared by the more exact sciences. The relations of physics to the mechanical 
industries are superficially of the same kind as those of immunology to medicine, 
but actually they are very different. If a result obtained in the physical laboratory 
suggests a useful application to wireless reception or to aviation, or to any other 
practical and utilitarian end, it can be tried out with a reasonable certainty that 
its actual effect will be sufficiently obvious. It may succeed at once, or fail 
decisively at once, or succeed after adjustment ; but in any case definite answers 
will come back from the field to the laboratory, and both parties to the transaction 
will learn something from their success or tbeir failure. In medicine this is not 
always the case, simply because the practice of medicine is a much more difficult 
thing than any kind of mechanical industry, or indeed than any industrial process 
at all. 

It may be quite easy to tell when an immunological procedure is an unqualified 
practical success. It is much more difficult to tell whether it is a partial success, 
or an unqualified failure. And this cause of confusion, which in truth affects the 
immunologist in the laboratory almost as much as the physician in the ward, is 
so important that it deserves a separate chapter. 
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CHAPTER 43 


THE MEASUREMENT OE IMMUNITY REACTIONS IN THE LIVING 

ANIMAL 

It is impossible to understand tte present position of immunology, with its mixture 
of established fact, half-knowledge, hopeful guessings and frank bewilderment, 
without an adequate grasp of the difficulties involved in measuring immunity 
reactions in the hving animal, and in assessing the significance of such measure- 
ments when they have been obtained. 

That these difficulties should have been overlooked by the pioneers is not 
altogether surprising. The effects demonstrated in many of the earlier experi- 
ments were so dramatic as to need no exact measurement to establish their sig- 
nificance. The need for standardizing antitoxic sera did, indeed, provide an 
obvious opportunity for developiug adequate biometrical methods ; but the need 
was not realized, for reason's that will become apparent later in this chapter, and 
the opportunity was allowed to pass. As new methods of immunization were 
developed and tested in the laboratory, in the ward and in the field, the publication 
of violently conflicting reports as to their efficacy showed that something was 
amiss ; but the remedy was not obvious, at least to the immunologist. The 
barriers that separate the different departments of science are not easy to break 
down, especially when the roads by which these departments are entered diverge 
widely in their course and are hedged by very different intellectual di.sciplines. 
It was natural enough that the laboratory worker and the clinician should show 
little eagerness to learn and apply the methods devised by the statistician. Rut 
the result has been a quite unnecessary amount of confusion ; and the confusion 
is likely to persist so long as the need for such methods is ignored. It will not, 
therefore, be extravagant to devote a chapter to a brief discussion of the ways 
in which some of our present difficulties may be overcome — by avoiding the need 
for statistical methods where this is possible, and by using them intelligently when 
they cannot be escaped. It will be necessary to refer to many of the reactions 
that will be discussed in detail in later chapters ; but, for the moment, their exact 
nature and significance does not concern us — we are regarding them merely as 
things that can be measured. 

It is obviously beyond the scope of this book to describe, even irroutline, the 
technical details of statistical measurement or even to give an easy and satisfactory 
account of the principles upon which such measurement is based. The student 
is' advised to refer to one of the excellent textbooks available, such as those of 
Yule and Kendall, of Pearl (on the more purely medical side), of Eisher (on the 
laboratory and experimental side), and for a general conspectus of the subject to 
the smaller primers of Woods and Russell or of Hill. We must confine ourselves 
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here to a brief discussion of some general principles, with illustrative examples 
drawn from a few immunological problems. 

The cause of our troubles is sufficiently obvious. It has been set out very 
clearly by Greenwood (1924) and by Yule (1924). The worker in the more exact 
sciences can reduce his uncontrollable variables to a minimum, or eliminate them 
altogether, and can so obtain constantly reproducible results. We cannot. In 
experiments on living animals, and still more in assessing the value of therapeutic 
or prophylactic procedures in man, we cannot exclude the interplay of factors 
about which we know little, except that they are certainly very numerous and 
may be very important. We cannot avoid an element of randomness in our obser- 
vations ; but, if we have planned our experiments wisely and fortune has been 
kind in eliminating major disturbing factors that we could not have foreseen, this 
randomness will be of the kind that determines the number of heads and tails 
observed in a hundred tosses of a coin. The effect of such random variation can 
be calculated, and hence allowed for ; it is the assessment of the necessary allowance 
in any particular case that is our main concern. 

It will simplify discussion to consider in turn a series of problems of the kind 
that are continually presenting themselves for solution. 

THE MEABUREMEHT OF RESISTANCE 

To take the most obvious problem, though not the simplest, how can we measure 
the resistance of an animal to a particular parasite or to its toxin ? Suppose 
first that we wish to measure directly the resistance of the animal as a whole, 
taking death or survival as our test. Then it is only under quite exceptional 
conditions that we can obtain any measurement on a single animal. If we are 
dealing with a very powerful toxin that kiUs rapidly, within a few minutes or 
hours, it is sometimes possible to give repeated and increasing doses at short intervals 
and so to measure approximately the amount which is necessary to cause death. 
But if our toxin acts more slowly, or if we are dealing with a living bacterium, 
this method cannot be employed. If we start with a small dose and the animal 
fails to die during the period — usually measured in days — within which we should 
expect death to occur, we cannot test it again by giving a larger dose, because 
our first dose will almost certainly have changed its resistance. It is not, from our 
present point of view, the same animal as before. If we start with a large dose 
and the animal dies, we do not know how it would have reacted to a smaller dose ; 
if it lives, we know that it is resistant at that particular dose level, but we do not 
know and can never discover how it would have reacted to doses larger still. It 
is clear that, if we take death or survival as our test, we must deal with groups 
not with individuals. This condition is, in truth, usually implicit in the question 
we want to ask. We are not often interested in the resistance of a particular mouse, 
or guinea-pig, or rabbit, as such. We are almost always regarding the individual 
as a representative of a class — normal, or treated in some way that may, we think, 
have altered resistance to a particular bacterium or toxin — and we are none of us 
naive enough to believe in a standard guinea-pig, even if we confine ourselves to 
animals of a given breed, sex, age and weight. What we sometimes fail to realize 
is that we must, in most cases, test large numbers of animals before we can regard 
our result as representing truly the average behaviour of the class from which 
those animals are drawn. 
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There are occasions, however, on which we do want to measure the resistance 
of an individual man or animal ; and, before discussing the methods to be adopted 
in measuring the resistance of groups, we may consider whether there is any way 
of solving this particular problem. 

The Measurement of the Resistance of an Individual. 

We cannot, as we have seen, obtain a direct measure of the resistance of any 
individual animal as a whole ; but we can sometimes measure the resistance of 
a particular tissue, provided that it is possible so to localize the elTect of any one 
inoculum that the reactions to several inocula can be observed simiiitaneously. 
This method is commonly exploited in the determination of skin sensitiveness to 
bacterial toxins. The local effect of a small intradermal inoculatiom- -0-2 ml. is 
a convenient amount — is limited to the near neighbourhood of the site of injection. 
By spacing injections so as to leave a few centimetres between them it is easy to 
test several dilutions of a toxin on a comparatively small area of skin. In this 
way we can obtain an approximate measure of the smallest dose of toxin that 
will yield a characteristic reaction, and we can regard this as a measure of resistance 
— the smaller the dose that will produce such a result the less the resistance of the 
person or animal under test. Sometimes we rely on a different kind of skin test 
— the allergic— in which a positive reaction indicates not susceptibility but resist- 
ance, showing an increased energy and rapidity of response to a particular bacterial 
product. 

There is another way in which we may attempt to estimate individual resistance 
— the demonstration and measurement of specific antibodies in the blood. In 
some cases we may measure the protective power of the serum against a toxin, or 
a virus, or occasionally against a living bacterium ; but this involves further tests 
on animals, so that we are faced with the same problem as before. Alternatively 
we may make use of in vitro antibody reactions — agglutination, complement fix- 
ation, the bactericidal power of the whole blood, and so on. But our measurement 
of resistance is now becoming very indirect, and we must watch our assumptions 
with corresponding care. 

All these indirect methods of measuring mdiviclual resistance arc, in fact, 
dependent on a preliminary knowledge of average behaviour. We cannot accept 
our skin tests, antitoxin titrations, agglutination reactions, and so on, as evidence 
of immunity until we have shown that such a correlation exists ; and, to establish 
the existence of this correlation, we must study the behaviour of groups. 

The Measurement of the Average Resistance of a Group. 

Let us start with the simplest problem. How can we determine whether a 
given procedure has made any difference at all in the resistance of a group of 
animals, even without measuring how large that difference is ? If the increase in 
resistance is of a very high order, our task is easy. We have only to administer 
to our treated animals a large dose of bacteria or toxin, which experience has 
shown to be certainly fatal to all untreated animals of the same species, age, weight, 
etc., and note that the treated animals survive. But we shall be wise to make 
very sure about our certainly fatal ” dose, especially if our group of treated 
animals is small. We shall, indeed, always test a few untreated controls to guard 
against any gross experimental error. 

But the increase in resistance may not be of this dramatic kind. Our treated 
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animals may be unable to witbstand a dose of bacteria or toxin tbat will bill all 
untreated controls, tbougli tbe mortality in treated and untreated groups may 
differ appreciably. Our problem is to determine wbetber tbis observed difference 
is likely to have occurred as the result of cbance. 

One method is to calculate the chances directly by straightforward but laborious 
arithmetic. 

Suppose that we know, from an extended experience, that a particular experimental 
procedure causes a certain average death rate among large groups of animals. Let us 
express this death rate as p, using a decimal instead of a percentage notation (^.e. expressing 
a 50 per cent, death rate as 0*5). Then p will also be the chance of any particular animal 
dying. We should, in other words, expect to get death and recovery equally often if w^e 
made a series of tests, each on a single animal. Any animal under test must either live 
or die, so that, if the chance of death is p, the chance of life is q, where g = 1 — p. Ex- 
pressed in figures, if the chance of death is 0*3 the chance of life must be 0*7 ; or, to revert 
to our more familiar percentages, if the percentage mortality is 30 the percentage survival 
must he 70. 

If we know the true average mortality rate, or chance of death, how often are we 
likely in any single test to meet with a death rate that differs from the average death 
rate by any specified amount ? 

Suppose we make an experiment on two animals. Let us call them A and B. Using 
the notation referred to above, A’s chance of dying is p. If A dies, B may either live or 
die ; and B’s chance of death is also p. So the chance of both A and B dying is p X p 
or p2. The chance of both A and B living is clearly q^. The chance of A living and 
B dying is p X g ; and this is also the chance of A dying and B hving. So the chances 
of one animal dying and the other living, irrespective of which does which, is 2pq, We 
have therefore : 

Chance of two deaths . . . . . . . 

Chance of one death ....... 2pq 

Chance of no death ........ 

These are the successive terms of the expansion of the expression (p + ^)^ and we can 
deal in exactly the same way with a group of any size, by substituting the number of animals 
in the group for the 2 in the expression given above. Eor instance, if we had four animals 
in a group, our expression would become (p -f g)^ and the chance of gettiag 4, 3, 2, 1 or 0 
deaths in any single test would be 6p®g^, dpg'® and respectively. 

To take a numerical example, if our p were 0*5, representing an average 50 per cent, 
mortality, our q would also be 0-5, and our expression would be (0*5 + 0-5)^ for 2 animals 
and (0*5 + 0*5)^ for 4 animals. Working these out, our chances of getting 0, 1 or 2 deaths 
with 2 animals are 0-25, 0-5 and 0-25 respectively. Our chances of getting 0, 1, 2, 3 or 

4 deaths with 4 animals are 0*0625, 0*25, 0 375, 0*25 and 0*0625 respectively. The figures 
represent the relative frequencies of each of the 5 possible events expressed as a fraction 
of unity. That is, if the experiment of infectmg four similar mice with a 50 per cent. 
MUing dose were to be repeated IST times, we should expect to get no deaths on 0*0625 N 
occasions, one death on 0*25 N occasions, and so on. In Eig. 237a these relative fre- 
quencies have been plotted vertically on a base line divided equally to represent the 

5 possible events. We may calculate the frequencies in the same way for groups of any 
size, expanding the expression (p + where % is the number of animals used. B and C 
represent the figures for n = 8 and n = 12. As n increases, the figure becomes less 
step-like, and shows a decreasing proportion of its total area at each end of the base 
line. We may note that the figures represent distributions of the relative frequencies 
of the various possible events. The first important fact about a frequency distribution 
is the average, or mean, frequency, which is used to characterize the distribution. In 
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A, B and C tlie mean frequency is in each case » X 0-5, i.e. 2. 4 and G deaths respectively. 
The other frequencies are symmetrically disposed on either .side ot the nn-an. ( Uho 
symmetrical disposition is the result of taking p = q. If wo take p -- 0-3, and thcreioro 
a = O'V the relative frequencies of 4, 3, 2, 1 and 0 deaths in a batch of t mice are given 
by the binomial cxi.ansion of (0-3 + 0-7)h and are respoctiv<4\ O'OhSl, 0 07o(,, ()-2G4G, 



0*4:116 and 0*2401. Here the distribution is not symmetrical ; 1 death in four wiH occur 
with the highest frequency, and the mean death rate in 4 mice is 1*2). 

]B’requencies other than the mean frequency are conveniently recorded as deviations 
from the mean value. In A, for example, the death rates of 3/4 and 1/4 are regarded 
as deviations of 1/4= and —1/4 respectively from the mean death rate of 2/4 ; or, 
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expressed in percentages, as deviations of 4- 25 per cent, and — 25 per cent. from, a mean 
of 60 per cent. 

In experimental work we have often to compare death rates in several sets of animals 
differing in size and (see p. 997) in the resistance of the individual members. It is clear 
that the 3 groups in A, B and 0 are not fully comparable, even though all the animals 
are, by hypothesis, equally susceptible to the lethal agent. In A, for example, the 
frequency with which a deviation of -f- 50 per cent, from the mean will occur by chance 
is which is 0-0625 or about 6 times in 100 trials ; whereas in C, the same deviation will 
occur by chance about twice in 10,000 trials, since is 0-000244. More generally, as 
the relative heights of the columns in A and C show, the bigger deviations from the mean 
are less likely to occur in the test with the larger number of animals ; and there is a 
greater probability of obtaining results near the expected mean death rate of 50 per cent. 
In comparing distributions, then, we must consider not only the mean, ])ut also the range 
over which the deviations from the mean are spread ; to do this we need a measure of the 
spread of deviations applicable to all distributions of this type. This measure we find 
in a value known as the standard deviation, which is the second important characteristic 
of a distribution. 


TABLE 60 


Deviation in Terms of the Standard 

1 

Odds against this Deviation or 

Error ; or Ratio between a 

Difference being the Result of Random 

Difference and its Standard Deviation. 

Chance. 

0-5 

0-6 to 1 

1-0 

2-15 to 1 

1-5 

6-5 to 1 

2-0 

20-98 to 1 

2-5 

79-53 to 1 

3-0 

369-4 to 1 

3-5 

2,149 to 1 

4-0 

15,773 to 1 

4-5 

147,188 to 1 




Tor the better appreciation of the standard deviation, we shall consider a distribution 
that is more general in form than A, B or C. These are step-like, being made up of 
a collection of parallelograms, the area of each of which corresponds to the frequency 
of each event. If we make n very large, say 1,000, and reduce the scale upon which we 
record the events, the figure for (p + g)iooo approximates to a continuous curve of the 
form D, This curve is known as the normal curve. The distribution of frequencies of a 
great many biological measurements, such as the height of human beings of a certain 
age, or the resistance of a certain type of animal to doses of a certain poison, approximates 
to this mathematically defined curve. Bor reasons that will be found in the statistical 
text-books, we may assume with some confidence that in the measurements of resistance, 
etc., with which we are mainly concerned in immunity, the deviations from a mean 
value will be distributed much as they are in the normal curve, and that the arithmetic 
of the normal curve will be apphcable to most of our data. 

The standard deviation of a distribution that approximates to the normal may be 
obtained arithmetically, by squaring all the deviations from the mean, adding the squares 
together, dividing the result by the total number of observations, and taking the square 
root. The resulting figure, the “root mean square deviation,” is usually written as a. 
It has a positive and a negative value and is correspondingly measured to the right and left 
of the mean in graphic representation of the distribution. In D, for example, the base 
line has been marked off at ± or, ± 2cr and ± 3cr, and verticals erected at these points. 
It will be seen that nearly all the events or observations summarized by the curve are 
included between the limits ± 3cr, In fact, only some 0-027 per cent, of the observations 
lie outside ± 3cr, and only about 4-5 per cent, outside db So-. Figures E and F, representing 
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normal curves in whicli tlie distribution of frequencies is respectively narrower and uicler 
than that in D, are also divided in this manner, and it is obvious that the areas in D, E 
and F marked off by the verticals erected at multiples of the standard deviation in each 
case bear the same relation to the total area enclosed by the cuivt . 

Now since the frequencies of all the events or observations are represeiffed by the 
total area enclosed by the curve, wo may express the chance of observing one of a given 
set of these events by the ratio of the area representing the set of events to the total area. 
Suppose w^e wish to know the chance of observing events whose frequencies deviate 
from the mean by more than + 2o'. In Fig. 237 T) it is clearly the ratio of the shaded 
area on the right of the vertical erected at -f- 2or, to the total area. This rat io is 1 : 43 96 ; 
or, as we shall find it more convenient to say, the odds against observing event-s of this 
nature are 42*96 to 1. The chance of observing a deviation greater than 2(7 and less 
than — 20 * is in a similar way the ratio of the sum of the shaded area,s at each (uid of 
the figure to the total area. Since the curve is symmetrical, the two shadc'd areas are 
equal, and the ratio is 2 : 43-96, or 1 : 21*98 ; that is, the odds arc 20 98 to 1 agamst 
deviations greater than ± 2a. These odds have been calculati'd for all multiples and 
submultiples of a in the normal curve and they are tabulated in Tabk- 60 for vahu-s of a 
from 0*5, 1-0, 1*5 . . . to 4*5. Beyond 4*5 the odds are so high that their exact value 
is of no interest. 

In the particular cases with which we started, we may calculate llie standard d(‘viation 
as indicated above. There is a simpler method of calculation, however, {ip{)lieable to 
these and any other distributions that arc assumed to arise from the binomial ex])ression 
{p 4- The standard deviation is in fact equal to Vnpq. Applying this to dist.ribu- 
tions A, B and C in Fig. 237 we have 


Distribution. 

Mean. 

Standard Deviation. 

A. (p + ?)* 

2 deaths 

Vl = 1 death 

B. (p + 2)8 

4 deaths 

■^^2 = M 1*414 deaths 

C. {p + 2)^^ 

6 deaths 

Vs = i 1*732 deaths 

s regard mean and standard deviation as proportions, the latter becomes 

result is 

Distribution. 

Mean. 

Standard Deviation. 

A. (p + 2)^ 

0*5 

-h 0*250 

B. {p 4- 2)® 

0*5 

i 0*177 

C. (p + 2)^® 

0*6 

V 0*144 

I), (p -f 

0*5 

± 0*016 



Suppose that we apply to 12 animals a test that will, on the average, kill 50 per <ient. 
of them, what are the odds that we shall observe a mortality of 83*3 per ec^it. ? In this 
case (7 = ± T732 deaths. An 83*3 per cent, mortality corresponds to 10 diniths, a 
deviation from the mean of + 4. This deviation differs from the mean by 4/J-732 
( = 2*31 times) the standard error. As we see from Table 60, the required odds lie ])eiw(‘en 
21 to 1 and 80 to 1. In terms of proportions, the deviation is 0*83 — 0*5 4- 0*33 

and this in terms of the standard deviation is 0*33/0-144, which as before is 2-31. 

The applicability of the arithmetic of the normal distribution to our test anitnals 
depends on how our experimental data approximate to tbe curve. 

In the kind of experiments with which we are usually concerned there are two fac-tors 
that affect this degree of approximation. One is the number of animals w'o use. We 
shall never use enough to give us a really smooth curve. In fact our distribution will 
usually be nearer to that shown at 0, Fig. 237, than to the true normal curve. The other 
factor is that while the normal curve is symmetrical, corresponding to the expansion of 
{0*5 -f 0-6)”, the curve with which we are actually concerned will usually be asymmetrical, 
corresponding, for example, to the expansion of (0*3 + 0•7)^ for we shall not necessarily 
he dealing with a test that gives an average mortahty of 60 per cent. But if the number 
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of animals in tlie group under test is not too small, say not less than twenty, and the 
chance of the less likely event, life or death whichever it may be, is not less than 0-2, 
the odds calculated on the basis of the standard deviation are sufficiently accurate. 

It will, however, have been noted that we have, throughout the preceding discussion, 
assumed the possession of one very important piece of knowledge — the true average mor- 
tality involved in the procedure under test. Usually we do not know this. The question 
that faces us is far more often as follows : In a particular test we have observed a mor- 
tality of, let us say, 40 per cent, among a group of 30 animals. What are the odds, if we 
did exactly the same experiment over again, that we should, in this second test, observe 
a mortality of 60 per cent, or more ? The only assumption on which we can proceed in 
this case is that our observed 40 per cent, mortality is the true average mortality ; but 
it is by no means a safe assumption, and for that reason among others we shall be wise to 
suspect that the real odds are shorter than those we calculate. 

So far we have been concerned with a single group of animals. But in most of our 
experiments we shall be comparing the reactions of two groups of animals treated in the 
same way except for the procedure under test, which is apphed to the test group, the 
other being observed as a control. If the mortality rate in the two groups is different, 
we wish to know whether this difference might have arisen by chance in two groups 
that were in fact similar, or whether the odds against a chance effect are large enough 
to rule it out. If the groups are not different then the most likely event is a difference 
of 0. But the results from each group may by chance vary round the mean, and if one 
result happens to deviate largely in the positive direction and the other in the negative, 
the chance difference may be large. If we repeated the comparison many times, we should 
expect the larger chance differences to be infrequent, the smaller ones more frequent, and 
differences of 0 to be most frequent. Now it is found that differences between pairs of mean 
values derived from tw'O normal distributions are themselves distributed normally ; and 
this distribution of differences has a standard deviation, or as it is usually called, a standard 
error. This standard error is easily obtained, since it is the square root of the sum of the 
squares of the standard errors of the two means from which the difference was derived. 
In our simple binomial examples, where x-^ and are the numbers of animals d 3 dng in the 
two groups, the standard error of a mean proportional death-rate xjn^ found in a group 
of % animals in which the expectation of death is is and similarly of a;2/5^2^s 

V The standard error of the difference xffn 2 , — — d, is then 




Now if the difference has arisen by chance, i.e., the two groups do not differ in any 
significant way, the best measure we have of the real chance of death is the death rate 
in the 2 groups as a whole. This, the mean chance of death, is + ^ 2 )» 

which we may call p^. The mean chance of survival, Ta)- The standard 


error, then, of the mean xJut^ is now p^qjn^ and t hat of xjn^ is ^ ; and the 
standard error of the difference is ^P^qJ^^ + or if we are dealing in percentages 




+ ■ 


Let ns now take a concrete example. .Thirty mice that had been repeatedly 
inoculated with a killed suspension of Salm, typhi-murium and 30 uninoculated 
mice to serve as controls were injected intraperitoneally with a constant dose 
(1,000 bacilli) of living Salm. typhi-murium. They were then observed over a period 
of 28 days. During this time 16 of the 30 vaccinated mice died of the infection, 
and 29 of the 30 controls. The survivors were killed on the 28th day and cultures 
were taken from their spleens. Salm, typhi-murium was recovered from 10 of tho 
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14 surviving vaccinated mice, but not from the one surviving control We may 
tabulate these results as follows : 

Number of mice surviving on 28tk day : 

Vaccinated 

Controls . . . . . • . 1 = 3*33 ,, ,, 

Difference . . . . . . . 13 — 43*31 ,, ,, 

Number of mice showing no evidence of infection (completely resistant) : 

Vaccinated 4: = 13*33 per cent. 

Controls . 1 = 3*33 „ ,, 

Difference . . . . . . . 3 = 10*00 ,, ,, 

The vaccinated mice show an advantage over the controls of 43*31 per cent, 
in regard to survival rate, but of only 10 per cent, in regard to their ability to 
resist completely the injection of this number of organisms. Wliat are the odds 
against each of these observed differences in behaviour having been due to chance ? 
Of 30 vaccinated mice 14 survived: of 30 control mice 1 survived. 

_ 14 + 1 15 . _ 

30+30 60 

fio = 1 — ?o = 0-75 

+;.) = (55 + m ) 

The standard error then of differences that might arise by chance expressed as 
a percentage is ±11-18, and the distribution of the possible chance differences 
round an expected mean difference of 0 per cent, may be represented as in Fig. 238. 



Fig. 238.— Showing the hypothetical frequency distribution of the chance differences between 
means of two samples derived from the same population. 

Since chance differences may be either positive or negative, the observed differ- 
ence must be considered as ± 43-34. Tbe position of ± 43-34 is recorded in the 
figure ; that of — 43*34 will clearly lie a similar distance left of the 0 value. In 
both cases the difference is 3-87 times the standard error. By reference to Table 60 
we find the odds against observing such a difference as this as the result of chance 
lie between 2,149 to 1 and 15,773 to 1 ; they are in fact 9,190 to 1. These are very 
long odds, so that we shall conclude with considerable confidence that we have 
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increased tlie ability of our mice to withstand tbe test dose of bacteria, by our 
preliminary injections of killed bacteria. 

Have we increased tbeir ability to resist the test dose completely ? 

Of the 30 vaccinated mice, 4 proved completely resistant ; of tbe 30 control 
mice 1 proved completely resistant. 

Taking q to express resistance — 


^0 = 


4+1 


30+ 30 60 

: 1 — q^ = 0-9167 


0-0833 




0-0833 X 0-9167 


15 


0-07136. 


The observed difference in tbe proportion of mice completely resistant is 10-00 
per cent., tbe standard error expressed as a percentage is 7-136. Tbe observed 
difference is 10/7-136 (1-4) times its standard error. 

Turning to Table 60 we find that tbe odds against observing sucb a difference 
as tbis as tbe result of cbance are about 5 to 1. These are very short odds ; and 
we should clearly place no confidence in tbern. Taking our observations as a whole 
we should conclude that, by the method of immunization employed, we had almost 
certainly increased the ability of our rojice to survive the test dose of living bacteria, 
but that the effect on their ability to resist infection entirely was relatively slight, 
and quite possibly insignificant. 

This is one selected example. It may be useful to note how the odds vary 
according to the number of deaths or survivals observed in two groups, each of 
20 animals, one group being treated by some procedure under test, the other 
serving as untreated controls. Both groups, of course, will be subjected to the same 
dose of living bacteria, toxin or other agent against which the treatment is directed. 
These odds are shown in Table 61, very short odds being neglected and odds 
of over 1,000 to 1 being no further specified. No odds are shown for less than 
5 deaths in one group or more than 15 deaths in the other group. Where the 
number of animals in each group is as small as 20, and the number of deaths in each 
group is very small (say 4 or less) or very large (say 16 or more) the assumptions 
on which these calculations are based no longer hold. The example of the fully 
resistant mice among our groups of 30 was not above criticism in this respect. 

I In all the examples discussed above we have assumed that, so far as chance 
has entered into our observations at all, it has been in the form known to the statis- 
tician as “ the error of random sampling ” ; but there are other kinds of ‘‘ chance,’’ 
using that term in a broader and less technical sense. To take a crude example, 
suppose that we were testing a method of immunizing rabbits against a particular 
toxin, and faded to allow for the fact that different breeds of rabbit may differ 
significantly in their resistance to any agent of this kind. We might include in our 
‘‘ treated ” group a majority of animals of the more resistant breed, and in our 
control group a majority of animals of the more susceptible breed. Under these 
conditions our treated ” group would probably show a statistibally significant 
advantage, even if our treatment had, in reality, been quite without effect. 
“'Chance ” would be a charitable term for this particular piece of experimental 
carelessness ; but other factors, not nearly so obvious as differences in breed, or 
age, or sex, may influence the reaction of our experimental animals to the test 
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we are employing. An essential part of a good cxpcriincnbd foclini(iu<«, is, as 
iFisiier empliasizesj tliat all possible means sliall be used to luiuloniize the 
conditions of test, i.e. to -reduce the unknown variables to iuriuenees of the same 
type as those that determine whether a tossed coin shall come down “ heads ” 
or ‘‘ tails.” 

It is of interest to inquire how far wo can do this in practice. Not nian\" worki-rs 
have taken the trouble to test their technique in this way, hut Lockhart (1920) Tvi*ords 
observations bearing directly on the point at issue. In each of four expt'rinuaits, si‘\^ei‘al 
groups of 20 mice were injected Avith the same dose of the same eLiltuiv of a, {lathoacnic 
organism (Salm. typhi-murium) and the number dying in each group during the sueceeiliug 
14 days was noted. In one experiment 9 groups were injocted ; the deaths u ere IT), It), 17, 
19, 18, 17, 15, 17 and 14. This gives 36 differences between pairs. The dilTerenco between 
14 and 19 deaths, the largest observed in this group, should, as will be setm fnuu Table (>1 , 
occur on the average once in 27 comparisons. In a second scries of 5 tests iiie deaths 
were 18, 17, 13, 16 and 13 ; this gives 10 differences between pairs. The diffen^nce iiciween 
13 and 18 deaths would be expected to occur, on the average, once in 17 comparisons. 

In a third series of 5 groups the deaths were 5, 2, 4, 3 and 5 ; there is hero no diflcronce 
that Avould not be expected on our assumption, but the death rate is very hiw in all groups. 
In a fourth series of 5 groups the deaths were 19, 20, 19, 20 and 10 ; there is no luK'.xpectod 
difference, but the death rate was very high in all groups. Such a scries of tests may be 
regarded as a trial of the adequacy of our experimental methods. If the dist rihutioa of 
deaths actually observed in different groups that have, within the limits of experimental 
control, been subjected to exactly the same treatment agrees closely with iha.t expeeteil 
on the assumption that the only differences that occur Avill bo tlioso duo to the mor of 
random sampling, then our technique may be regarded as highly satisfactory. If our 
observed distribution differs Avidely from that expected, then we have not sucet^eded in 
eliminating ether disturbing factors, of irnknoAvn nature, which may mislead us Avhen 
'we come to apply a knovni procedure to one group in order to test its effect. 

Lockhart’s figures suggest that he was reasonably successful in randomizing 
his experinaental conditions. It is, however, doubtful whether equally satisfa(‘f.()ry 
results can always be attained in immunological tests of this kind, and it will [xir- 
haps be wise to make a practice of demanding rather long calculated odds liefore 
accepting an observed difference in behaviour as statistically significant/. We 
might, for instance, fix an arbitrary limit for the ratio of a difference to its standard 
error at 3 : 1, which would give us calculated odds of 369 to 1 against the observed 
difference being due to chance. These odds, may, of course, be too high, and 
might lead us to ignore differences that are possibly significant. But if achqib 
lower odds we may attach significance to differences that are in fact meaning- 
less. In dealing with observations from the ward, or from the field, where freali 
data cannot quickly or easily be collected, it is desirable that attention should 
be drawn to any points of possible interest or importance, AAuth due emphasis 
where necessary on the allowance that must be made for sampling errors. In 
experimental work the case is rather different. The investigator will (dearly be 
wise to take any hint that is offered by his quantitative results ; but if be desires 
to publish his findings and draw conclusions from them, it is reasonable to insist 
on a stricter standard. There is nothing to prevent him from repeating any 
experiment that has given a statistically dubious answer ; and this is clearly what 
he should do. 

Experiments should, indeed, always be repeated, even when a single trial has 
given a result that passes all the conventional tests of statistical significance. The 
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single trial cannot, except by analogy, tell us anything about happcni.igs outside 
its own paiticnlar conditions ; and we can never be quite sure that these conditions 
do not include some determining factor other than that, the effect ol which we are 
trying to investigate. By repeating an experiment several tiint's, we are testing, 
in the only way we can, for the intrusion of unknown factors other than errors of 
random sampling. If each of several tests gives ns a statistically significant answer, 
and each answer points in the same direction, we shall have some jiistificaiioii for 
stating our conclnsion in general as opposed to particular terms ; but if some 
tests give different answers from others we must solve the problem of why these 
differences occur before we can accept the indication given by the original 

experiment. _ c • i 

The question thus arises, assuming a limit to the nunghcr or ex[)ciinu‘iital 

animals that we have available, how we can use them to the best advantage in 
solving any particular problem. Shall we carry out one, or two, experiments 
with large numbers of animals in our test and control groups ? or, shall wc make 
several experiments, each on a smaller scale ? 

The answer would seem to be that each test should be made on a number of 
animals sufficiently large to enable us to detect a difference of the order wc are 
expecting, making allowance for errors of random sampling. When this point 
has been reached we shall gain more by repeating the experiment, using groups 
of a similar size, than by doing one very large experiment, in which the ellect of 
sampling errors would be considerably reduced, but which would give us no infor- 
mation in regard to other intrusive factors. 

In most laboratory experiments, in which we are expecting a high niortality, 
usually approaching 100 per cent., in our control group, and are hoping for a much 
lower mortality, say 30-60 per cent., in our treated group, we shall gain more 
information by repeating our experiment six times, using 25 animals in each group, 
than by doing one experiment with 150 animals in each group. The best procedure, 
in any given case, will depend on the size of the difference we are expecting. Some- 
times, particularly in the application of a therapeutic measure in human disease, 
quite a small difference in mortality is an objective well worth attaining ; and, 
if we wish to determine a difference of this size, our groups in any individual trial 
must be relatively large. 

Let us take a concrete example. Certain laboratory experiments have hul to 
the production of a serum which, on a jpriori grounds, may he expected to have 
some curative influence on a particular infective disease. Like all new curative 
measures it must be subjected to a period of trial before it is adopted for routine 
use. Our expectations may not be realized. The serum may be quite useless in 
practice. It is not a question of trial or no trial, but of a well-planned trial that 
win give us a definite answer as quickly as possible, as against a planless, haphazard 
series of trials that will take a long while to tell us very little, perhaps at a con- 
siderable expense in lives. Let us suppose that the real average effect of the 
serum is to reduce the case mortality of the disease from 30 per cent, to 20 per cent, 
— not, perhaps, a dramatic result but one that will save a large number of patients 
if the disease is a prevalent one. The only way in which the existence of such an 
effect can be quickly and certainly established is to test the serum on an adequate 
group of cases and compare the mortahty in this treated group with the mortality 
in an untreated group. The 'two groups must if possible be compared over the 
same period of time and in the same place, since the case mortality of almost all 
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acute infective diseases fluctuates from time to time and from one locality to 
another. They must also be similar in all relevant respects other than the adminis- 
tration of the serum ; for example, they must all he of the same race, and the age 
and sex distribution within the two groups must be approximately the same. Let 
us see what will happen if such a trial is carried out on two groups, each containing 
10, 50, 100, 150, 200, 250 or 500 patients. The relevant figures are set out in 
Table 62, the standard error being calculated on the percentage basis. 


TABLE 62 

Showing the Ratio [Difference in Mortality/S.E.] for Treated and Untreated Groups 
IN THE Case of an Antiserum which produces a Decrease in Case Mortality from 
30 PER CENT. TO 20 PER CENT. 


Number in 
Each Group. 

Deaths in 
Treated Group. 

Deaths in 
Untreated 
Group. 

Difference, 
per cent. 

S E. 

Difference 
in Mortality — 

S.K. 

10 

2 

3 

10 

19 36o 

0-52 

50 

10 

15 

10 

8 660 

M5 

100 

20 

30 

10 

: 6-124 

1-63 

150 

30 

45 

10 

5 000 

2 00 

200 

40 

60 

10 

4-330 

2-31 

250 

50 

1 75 

10 

3-873 

2-58 1 

500 

100 

150 

10 

2-739 

3-65 


Quite clearly a trial with 10 treated and 10 untreated patients is useless. In 
different trials on this scale, one observer will record more deaths in the treated 
group, another in the untreated. There will be hopeless confusion. The position 
with groups of 50 treated and 50 untreated patients is not much better. In about 
one of every four trials a difference such as this would be observed as the result 
of chance alone. There will be sharp differences of opinion as to whether the 
treatment does any good, and no possibility of assessing even approximately how 
much good it does. As the number of patients in each group increases the sig- 
nificance of the result recorded also increases — not proportionately to the number 
itself but in proportion to its square root. Affter a trial on two groups each of 
100 patients we should begin to think it probable that the serum had done some 
good. After a trial on two groups each of 200 patients we should be inclined to 
adopt this view as a provisional conclusion pending further evidence. If trials 
on this scale were repeated we should be surprised if there were many unfavourable 
reports. After a trial on two groups of 500 patients we should have no reasonable 
doubt that our serum had reduced the case mortality. Moreover, with groups 
of this size we should begin to think that the benefit to be expected from our serum 
was appropriately represented by a decrease in case mortality from -about 30 to 
about 20 per cent. — that is, by a saving of one patient in three who would other- 
wise have died — since the chance of the observed decrease differing from the real 
average by any given amount grows less and less as the number in the group 
increases. 

It is of very real importance that trials of any new therapeutic measure should 
be planned and carried out on an adequate scale. Otherwise the period of so- 
called trial may be extended far beyond the necessary limits ; and a useless measure 
may be employed sporadically for years, or — what is far more serious— a useful 

P.B. 
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measure may fail to obtain general recognition because ilie re[)orts on inadequate 
trials are contradictory and confusing. Any student wlio cares ti) niiister the 
history of the use of anti-pneumococcal serum (see pp. 1675 -11)79) will find a 
case in point. 

It should be noted that, in the case of a proposed method of ])r()pli}daxis, oiir 
field trials will often have to be carried out on a far larger scale, hecaiise the risk 
of contracting a particular infective disease is often far sinalier tliaai the risk of 
dying from it when contracted. If the attack rate of a disease is very low, our 
immunized and non-immunized groups must be greatly expanded -olLen to many 
thousands of persons — before the number of cases in our control group will be 
large enough for us to establish the significance of any dilTerence in morbidity that 
may he noted. 

If, however, we can select special groups that are for some rcaison texposod to 
a particularly high risk of infection — such for instance as the nurses or a.tiendauts 
in a fever hospital — we may be able to detect the effect of a given propliylaciic 
method by the immunization of relatively small groups (see p. 1474). The 
same will hold, of course, for the population at large in the case of infcciioiis witli a 
very high attack rate, such as the common cold (sec p. 1654). 

We have so far been concerned with problems in which each animal, or (^;uh paiiimt, 
gives a qualitative result — death or survival, infection or no infoction. There is obviously 
another kind of problem in which each animal may give a quantitative result) : it may live 
so many days, or lose so much weight, or its temperature may rise so many degrees, and 
so on. We deal with a problem of this land by a method that is essentially similar to that 
described above. Wehave, say, a number of values for the time to death in each group, 
and from these two distributions of values w^e calculate the mean time to dmit-h Jind tlie 
standard deviation of the distribution. We compare the two means as before by finding 
the difference between them, and finding the value of the difference in terms of its standard 
error. As before, we need the standard error of each mean. The general expr{\ssion 
for this quantity is 

Standard error (S.E.) of Mean = S.D,/ V N 

where S.D. is the standard deviation, and N the number of observations, in tlie partieuhu: 
case, N is the number of measiu-ements of mean time to death,. (Tiic formula 
employed on p. 987 for the standard error of the mean was valid only foi‘ a simple binomial 
distribution when N = 1.) 

The ratio of the difference to its standard error gives us the value wo need in order to 
obtain, from Table 60, the odds against the observed difference having boon duo to 
chance. 

To take a concrete example, omitting the necessary calculations. 

A group of 30 mice that had received certain immunizing injections, <and 30 untreated 
mice as a control, were injected intraperitoneally with 1,000 Salm. typhi-murinm* During 
the subsequent month 25 of the immunized mice died, and 28 of the coutruls. Thin was 
a trivial difference. But the mean time to death of the 25 immunized mice was 10-52 
days with a standard error of 0-960 days, while the mean time to death of the 28 control 
mice was 5-93 days with a standard er ror of 0-924 days . The difference is 4-51) <lay8, and the 
standard error of the difference is Vo-9602 + 0-9242 = 1-33. The ratio of the difference 
to its standard error is 4-59/1 -33 = 3*45, and the odds against observing sucli a differem'C 
as the result of chance (Table 60) are about 2,000 to 1. The conclusion is that wc have 
almost certainly made the disease less acutely fatal as the result of an immunization, 
although we have not increased the resistance of our mice to the point at which their 
chance of survival is significantly increased. 
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THE MEASUREMENT, OR COMPARISON, OF TOXICITY OR 

VIRULENCE 

We often want to determine tlie minimal lethal dose of a bacterial toxin, or of 
a living bacterial culture. Still more often we want to compare the minimal lethal 
dose of two toxins, or of two cultures. Clearly we must first titrate graded doses 
of the two cultures against a number of groups of animals. The results of such 
titrations are instructive. If we divide a large number of similar animals into 
groups of equal size, and administer to each group one of a series of increasing 
doses of a lethal culture or toxin, we may observe, if the scale of doses was suitably 
chosen, that none of the animals dies in the group receiving the smallest dose. 
With each increase of dose a larger death rate is observed and in the group receiving 
the largest dose all the animals die. 


TABLE 63 


Dose a m Arbitrary 
Units. 

Percentage Mortality 
in G-roups of 100 
Animals. 

Increase in Percentage 
Mortality with each 
increment of Dose. 

2 

0 


3 

1 

1 

4 

4 

8 

5 

10 

6 

6 

‘ 22 1 

12 1 

7 

i 40 1 

IS 

8 

60 ’ 

20 1 

9 

78 

IS 

10 

90 

12 

11 

96 

6 

12 

99 

3 

13 

100 

1 


Table 63 shows a set of hypothetical percentage mortalities in 12 groups of 
100 animals, each group being given one of a series of doses of a lethal toxin. 
Each dose differs by one unit of measure from the preceding dose. If we plot 
death rate against dose, as in Fig. 239(A), we obtain a characteristic curve (Trevan 
1927, 1929, 1930) for the toxin, or, more specifically, a dose-response curve. The 
third column of Table 63 records the values obtained by subtracting from the 
mortality rate for a given dose of a units, the mortality for the preceding dose, 
{a — 1) units. Inspection both of column 3 and Fig. 239(A) reveals one of the 
most important features of the dose-response curve, namely that the rate of change 
of percentage mortality is greatest in the middle range of the curve. At the 
extremes, a relatively large change in dose results in a small change in mortality. 
That is, for a certain grading of doses, we shall be able to determine doses that 
kill 50 per cent, of a group of animals with much greater accuracy than those 
that kill 100 per cent. Trevan introduced a convenient notation for these various 
doses. The 50 per cent, killing dose is symbolized by Lr>50, where LD = lethal 
dose ; the 100 per cent, killing dose by LDIOO, and so forth. If, as in Fig. 239(B), 
the dose-response curve is steep, the inaccuracy of finding the exact LBIOO is 
clearly less than in (A). In the past, with toxins like that of 0. diphtherim, which 
have a steep dose-response curve, the LDIOO has successfully been used as a measure 
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of toxicity. It corresponds, in fact, to the ininiinal lethal dose (p. 238). ^Vith 
other toxins, and with cultures of pathogenic bacteria, the dose-response e.iirve is 
far less steep. In Table 65, for example, the dose of the Ellinger strain of bacteria 
increases by 100-fold at each stop, yet the rate of change of percentagt* mortality 
is relatively small, especially as the LDIOO is approached. Tlie LDoO can more 


Percentage 



accurately measured, and even with steep dose-response curves, it is to be prtderrecl 
to the LDIOO. In essentials, then, toxicity or virulence is best measured in terms 
of the LD50. 

It is instnictive to inquire why the dose-response curve has this particular 8-shape. 
If we assume that each group of lOO animals is representative of the total of 1,200 animals 
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from wMcli they were drawn, it is clear that the figures in column 3 of Table 63 represent 
the proportion of all the animals which are susceptible to a dose of a units, but not to 
a dose of {a — 1) units. In each case, then, w^e may say that the recorded proportion 
of animals is on the average susceptible to a dose half-way between these two values, 
that is, {a — 0*5) units. Thus, the 3 per cent, of the animals susceptible to 4 units but 
not to 3 units, are on the average susceptible to 3 5 units, and so forth. Plotting these 
proportions against doses as abscissas we obtain the curve in Fig. 239 (C), which is in effect 
a frequency distribution of susceptibilities in the population of animals employed. The 
average, or mean resistance, corresponds to the LD50. The hypothetical curve B repre- 
sents the response of another batch of animals to the toxin, estimated from a series of doses 
increasing by 0*4 units. The curve (D), the distribution of susceptibihties derived from it, 
has been drawn on a scale of unit increases in dose, for comparison with the curve (C). It 
is clear that the steeper dose-response curve con’esponds to a narrow distribution of suscepti- 
bilities obtained in the performance of the test. These distributions, it should be noted, 
are distinct from the distributions of chance effects discussed on p. 983, which were derived 
from an ideal population of identical animals infected with a fixed dose. Here we are 
estimating how widely the population of animals varies in resistance to graded doses, though 
each mortality measurement is subject to the error discussed above. In estimating the 
mortalities from which the dose-response curve is built, we shall have to take into account 
both sources of error — the error due to heterogeneity of the animal population tested, and 
the error due to chance effects in small groups of animals. If the death-rate of a group 
is known, the last can be estimated by the V npq formula ; the first, only by measuring 
the slope of the dose-response curve. 

It wiU be clear that the more homogeneous the animals used, the more they approximate 
to an ideal test reagent and the smaller the error of measurement with a group of animals 
of a given size. Some breeds of laboratory animals used for biological assay of this kind 
are grossly heterogeneous, but it is possible to reduce the heterogeneity by inbreeding of 
selected strains. These inbred strains, which may or may not be pure lines, often yield 
much steeper dose -response curves than those of the parent strains, and their use in 
biological assay permits either a greater increase in the accuracy of an assay for the expendi- 
ture pf the same number of animals, or measurements of the same accuracy with smaller 
numbers of animals. For example, Prigge (1937) records that the ratio of the smallest 
to the largest dose of diphtheria toxoid required to immunize the individual animals in 
a mixed laboratory strain of guinea-pigs against a standard injection of toxin was 1 : 32,000. 
Similar tests of pure line strains inbred by brother-sister matings revealed a strain for which 
the ratio was as small as 1 : 25. 

The LD50 may be estimated directly from a dose-response curve. One simple method 
is to fit a straight line to observed mortalities whose values lie between 25 per cent, 
and 75 per cent, and read off the LD50. Its accuracy depends on the assuipption that 
the curve is approximately a straight line between these limits. It is limited in that 
observed mortalities greater than 75 per cent, and less than 25 per cent, have no weight in 
determining the final answer. Accurate and relatively simple methods of estimating the 
LD50 from all the observed mortalities are available. The teclinical and mathematical 
considerations (of which we have discussed only very limited aspects) involved in assessing 
the significance of the necessary in vivo titrations are beyond the scope of this book. Those 
who desire further information should consult the papers by Gaddum (1933), Irwin (1937), 
Bliss (1938), and Prigge and Schafer (1939). Reed and Muench (1938) and Irwin and 
Cheeseman (1939a, b) have developed simple arithmetical methods for use with small- 
scale laboratory data. 

As we have noted above, the killing power of exotoxins and other non-living substances 
is assayed with conip>arative ease. Two concrete examples will serve to illustrate the 
difficulties with which we are faced when we endeavour to determine the average lethal 
dose 6f a bacterial culture, or to compare the virulence of two bacterial strains. 

A series of six dilutions were prepared from a culture of pneumococcus of moderate 



998 


THE MEASVBEMEHT OF IMMUNITY REACTIONS 


virulence, and the same amount of each dilution was inoculaUMl inh) 40 mice. Ihu* doses 
administered, in terms of living pneumococci, were W% 10% 10 ^ lOh 10- and 10. Two 
of the mice that received each dose were then allotted at random to {vidi ot 20 nninl^ered 
groups. Each group thus consisted of 12 mice, 2 for each dose t('st(H!. (h‘atliH are 

recorded in Table 64. 


TABLE 04 

Showing the Number oe Deaths in 20 Samples, each on 12 Mice, iNooniATEn with the 
SAME Series of Graded Doses of tub same Culture of I’NEUMoootams. 
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Adding across the rows, the percentage mortality for the whole seriivs was, with the 
falling doses, 100, 97-5, 65-0, 10-0, 0 and 0. The average lethal dose was pr(>}>al>ly sonuj- 
thing between 10,000 and 1,000 pneumococci. But if we had used two mitn^ for eacli 
dose — and it would have been a highly conventional procedure — we should have said in 
the case of groups 10 and 11 that the average lethal dose was about 1,000 pnouinocnxHii ; 
in the case of groups 1, 2, 5, 6, 7, 12, 14 and 19 that it lay somewhere between 1,000 and 
10,000 pneumococci ; in the case of groups 3, 4, 8, 9, 13, 16, 16, 17 and 20 that it was 
about 10,000 pneumococci ; and in the case of group 18 that it was about 100,000 pnem- 
mococci. Had we been comparing 20 different strains of pneumococci, we might have 
been unwise enough to hazard the statement that strains 10 and 11 were about 100 times 
more virulent than strain 18 ; whereas, as this experiment showed, there would have 
been no adequate reason to assume any difference in virulence. 

As an illustration of the comparison of the virulence of two different straius of a giv(ui 
bacterium we may take the data recorded by Lockhart (1926) in regard to the mortalify 
produced by different doses of two strains of Salm. typlii-mwinm , “ Kllingcr arid A62,” 
all injections being given intraperitoneally. The figures are set out in Table 66. 


TABLE 65 


Dose. 

Kumter of Mice 
in Each Group. 

Mortality per cent. 
Strain A52. 

Mortality per rent. 
Strain Klliiiger. 

10,000,000 

25 

92 

96 

100,000 

25 

48 

88 

1,000 

25 

44 

56 

10 

25 

I 

16 : 

24 


We can feel fairly confident that the EUinger strain is more virulent than the A52 
strain ; at each dose level it has given a higher mortality. But we clearly cannot express 
our result as any numerical ratio. If this is the best we can do with 200 mice, we must 
be satisfied to detect gross differences in virulence, so far as this organism is concerned . 
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THE STANDARDIZATION OF IMMUNOLOGICAL PRODUCTS 

It may be noted here that the method of direct comparison is always employed 
when we wish to standardize an immunological reagent^ i.e. to express its value 
in terms of some arbitrary unit. Thus if we wish to standardize an anti- diphtheria 
serum in terms of units of antitoxin, we compare its protective value with that 
of a particular antitoxic serum which is accepted by international agreement as 
the standard of reference. This standard serum has been submitted to very careful 
assay and has been allotted an agreed but arbitrary value in terms of antitoxin 
units. Once this value has been allotted it remains the permanent standard for 
the antitoxin, or other reagent, in question. 

The statistical considerations involved in these comparative neutralization 
tests are of the same kind as those involved in comparisons of toxicity or of viru- 
lence ; but the size of the sampling errors, and hence the accuracy of our titrations, 
are modified by the actual procedure adopted in each particular case. Here again 
reference may be made to papers quoted in the preceding section. 

A NOTE ON THE RECORDING OF QUANTITATIVE RESULTS 

It is a common habit among immunological workers to record their quantita- 
tive results in the form of curves or charts. The advantage is obvious. The 
meaning leaps to the eye. The danger is that it sometimes leaps before one looks 
It is a very safe rule never to trust the tale told by a curve until the quantitative 
data on which it is based have been critically examined. If the points through 
which a curve is drawn are based on figures which are subject to errors of random 
sampling, and if the data permit the standard deviation to be calculated, it is a 
good plan to mark off three times the standard deviation above and below each 
point on the curve, join up these points, and, realizing that the curve might run 
anywhere within the broad band thus demarcated, reconsider its actual significance. 

Tables are duller things than curves, and rather more trouble to master. But 
they tell much more illuminating tales. They should always state quite plainly 
the number of observations made, never percentages without this information. 
If a table has a column headed “ per cent.” always look first at the columns giving 
the figures on which the percentages are based. Occasionally it will be found 
that 33-33 per cent, in the last column corresponds to a 1 and a 3 in the columns 
preceding it. In such cases, of course, the 33*33 per cent, is quite meaningless. 

THE VALUE OF QUANTITATIVE MEASURES OF ERROR 

The quantitative results of biological tests or observations can be used with 
confidence only if the error to which the estimation is subject is known with 
sufficient accuracy. Statistical analysis of the experimental data may reveal 
both the errors due to the variability of the material used, and the errors inherent 
in the technique of experiment ; and with a measure of the total error we may 
assess the statistical significance of any numerical result. Without such an estimate 
of error, we can compare neither two experiments by one worker, nor the experi- 
ments of several workers. It is not, however, enough to submit the finished 
data to statistical tests. Simple statistical principles of the kind we have been* 
considering are not rules to be applied in drawing conclusions from an experi- 
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meat that has been done— they are part of the experiment itself an essential factor 
in its proper planning. 

The statistical method docs not consist merely in applying .‘iTii-hnieticnl analysis 
to the numerical results of an experiment. It includes the deteijtion and ehiniinitioii 
of bias, and the proper appreciation of the variables to l)e considered, both iu 
the design and technique of the experiment, and in its analysis. It is often 
possible, for example, by a simple consideration of the nuniliers of a,ninials availalile 
for a given test, to say that the experiment is unlikely to give a significant answer. 
In such a case, the test is much better made upon a larger scale, or abandoned 
altogether. 

A word of warning is needed. No conviction of the necessity for the proper 
design of experiments, and for the statistical analysis of the resiilt.s obtained, 
should lead us to over-estimate the support that a statistically signitknint result 
can give to the particular hypothesis the experiment was inteiuU'd to test. As 
Fisher (1942) points out, all that a properly designed experiment can t{‘st is the 
‘‘null hypothesis”; that is, the hypothesis that there is no difrerence bc,tween 
the control and test systems that we are studying. If, for exam])le, the (‘alculated 
odds prove to be 3 to 1 against a chance effect in the defined conditions of a thera- 
peutic test of a fluid A in a fatal bacterial infection, no one could <Ie(n(h‘, without 
further experiment, whether the effect observed was due to ‘‘ cha,nce ” or to A, 
If the odds prove to be 1,000 to 1, we can say that the effect is unlikely to be 
an example of a chance variation of the kind we expect from the materials used 
in the test; but we cannot say that it was therefore due to the administration 
of a few millilitres of the fluid A. The statistically significant result indi(ui,t(‘s that 
the test and control groups differ in some important respect and therefort* ptn’mitH 
us to consider the fluid A as a possible cause of that difference ; but the, d(‘cision 
that A is the cause of the observed reduction in mortality in the t(nst group is 
independent of any statistical demonstration of significance and in a final analysis 
depends on the experimenter’s knowledge of his particular science and his a.p[)rc(na- 
tion of the consistency of his ideas of A’s action with the general tli(a>ry of that 
science. If A was in fact water, the conclusion, no matter how statistically signifi- 
cant the experimental result, that a small quantity of water had cunul tlui inlVcdion, 
would rightly be considered as suspect. If A, on the other hand, was a solution 
of a substance known to be antibacterial and non-toxic to the animals used in the 
experiment, then these pieces of scientific knowledge, coupled with the disproof of 
the null hypothesis, would go far towards justifying the conclusion that A was 
capable of curing a particular type of infection. 

The aim, then, of the statistical method in experiments involving the comparison 
of two or more groups of events is to discover how far the null hypothesis is likely 
to be true ; and only in those cases where the null hypothesis is disproved is there 
any justification for considering the possibility that an observed effect resulted 
from any of the deliberate variations in the conditions of the experiment. 

The proper design and analysis of quantitative tests is essential' for the (dlkuent 
practice of a science. That the record of immunological work in the past ciontains 
few examples of statistical analysis is no proof that such analysis is unnecessary. 
Sometimes the results of an experiment are so clear cut that any arithmetical 
analysis is unnecessary ; on many other occasions it will be found that the data 
't^are incapable of supporting the conclusions reached by the investigators. There 
is no doubt that much of value has been learned without any consideration of 
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statistical design, but it is justifiable to suppose that the knowledge could often 
have been achieved with a great deal less expenditure of time and materials had 
the experiments been designed more efficiently. 

The voyager who ignores tidal streams and compass deviations will arrive 
somewhere in the long run ; but he is less likely to identify correctly the place 
at which he has arrived than is another who allows for these variables by the 
accepted methods of elementary navigation. 
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CHAPTER 44 


THE MECHANISMS OE BACTERIAl. TNFECl’ION 

Befoke we can discuss the ineclianisms by which the host resists infection, we 
need as clear a picture as possible of the ways in' which tlu' parasiti' injures the 
host. Some parts of the picture are confused, others sketchy ; but pa.rts of the 
main outline are quite clear and definite, and it is with flu'se that wo sliall he 
mainly concerned. 

Specific Infection. Koch’s Postulates. 

- Although not immediately pertinent to our main problem, a briid’ discussion 
of the kind of evidence which will justify the conclusion that a pa.rticuhir di.si'use 
is caused hy a particular parasite forms a convenient introduction to t he considera- 
tion of infective processes in general, and raises points of some interest, and 
importance. 

A series of conditions, which must be fulfilled in order to establish such a cau.mil 
relationship, are set out in most bacteriological textbooks under the ti(.lc of “ Koehls 
Postulates,” though there is no clear evidence that Koch over ommeiated them 
in the categorical form in which they are usually quoted. They run in goinual 
terms as follows: 

(1) The organism should he found in all cases of the disease in (|uo,st ion, and 
its distribution in the body should be in accordance with the lesions oiiserved. 

(2) The organism should be cultivated outside the body of the liost, in pure 
culture, for several generations. 

(3) The organism so isolated should reproduce the disease iti ot.her suscepl.iide 
animals. 

We should to-day recognize additional ancillary criteria which help us to form 
an accurate judgment as to the relationship of a suspected organism to a given 
disease, as, for instance, the demonstration of specific antibodic.s in abnormally 
large amounts in the blood of an infected man or animal, or an al)norinally higii 
degree of specific immunity to the infecting agent in a recently recovered animal. 

It is obvious that technical difficulties may prevent us from fulfilling all Koch’s [joslu- 
lates in every case. We may, for instance, he unable to cultivate the causative jiarasito 
‘ although we can demonstrate its constant presence in the lesions by suitable staining 
methods ; this has hitherto been the case with regard to the bacillus of kjprnsy. Or the 
organism may be so small, and its morphology so doubtful, that we are unable to thunon- 
strate its presence in the tissues, or to differentiate it with certainty from other hodie.H of 
the same order of size. If, to this difficulty, is added an inability to cultivate the organism 
in vitro, we may, as in the initial studies on most virus infections, be eoinpffiled to take 
a shorty out, neglect the first two postulates, and rely on the roproductiou of the di.soase 
in a suitable animal by the inoculation of filtrates from infected blood or tissue extracts, 
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wliicli are at least free from intact cells or living bacteria. In other eases the third postulate 
may be our stumbling-block. We may be able to demonstrate a characteristic bacterium 
in such a relation to the lesions of a particular disease that we can have no reasonable doubt 
that it is playing a causative role, and we may have learned how to propagate it in pure 
culture outside the body ; but we may be quite unable to produce in any experimental 
animal lesions which bear any close resemblance to those which characterize the disease in 
man. 

It is often possible, in the absence of complete proof, to establish the causative role 
of a particular organism with so high a degree of probability that there need be no hesitation 
in accepting this association as a reasonable provisional hypothesis. At the same time it 
must be recognized that any omission in the complete chain of evidence involves a ri-k of 
error ; and much confusion has been caused by uncritical attempts to support the claims 
advanced on behalf of numberless bacteria isolated from different parts of the body in 
various diseases. 

A little more may usefully be said with regard to the fii'st and third postulates. In 
the early days of bacteriology the proposition that the causative organism of a disease 
should be present in every case adequately examined was held to imply its converse — 
that the organism should not be present in persons not suffering from the disease. And 
in some instances, such as the investigations that followed Loeffler’s demonstration of the 
diphtheria bacillus, serious doubts w^ere thrown on the claim of an authentic causal organism 
when it became clear that it could be isolated from the throats of persons who were quite 
certainly not suffering from diphtheria. Nowadays our conception of the probable distri- 
bution of any pathogenic parasite is that it wiU be found in every case of the specific 
infection that is clinically obvious and is adequately investigated under satisfactory^ 
conditions ; in many cases of minor infection that show little resemblance to the fully 
developed disease ; and in a certain proportion of apparently healthy persons, especially 
in contacts. 

With regard to the third postulate, w^e should not expect complete identity between 
the clinical picture in man and the lesions produced in an experimental animal. The picture 
presented by any infective process depends as much upon the reactions of the host’s tissues 
as upon the activities of the infecting parasite ; and in this, as in other respects, one animal 
species difTers from another. Sometimes this is a small matter. No one who had any 
knowledge of the morbid anatomy of tuberculosis in man or cattle would hesitate in identify- 
ing the experimental disease in the rabbit or guinea-pig, in spite of minor superficial differ- 
ences. But the lesions produced in experimental animals by the typhoid bacillus, or by 
the scarlatinal streptococcus, bear little obvious resemblance to the corresponding human 
diseases. 

The student should note very carefully that there are two distinct stages in the 
use of experimental animals in the study of infective disease. In the first we are 
trying to reproduce a particular infection in a form which is clinically or patho- 
logically recognizable as identical with the natural disease. This is the kind of 
reproduction demanded by Koch’s third postulate. In the second we are utilizing 
our susceptible animal for an intensive study of the particular infective process with 
which we are concerned. This is really the more significant and interesting part 
of our investigations. The lesions produced in the guinea-pig by the subcutaneous 
inoculation of cultures or filtrates of the diphtheria bacillus bear little resemblance 
to diphtheria as it appears in man ; but almost the whole of our present knowledge 
of immunity in relation to that disease, which has at last placed us in a position 
to exert effective control, has been built up on knowledge gained from experiments 
on that small laboratory animal. 

It should be noted, also, that there is a shifting of emphasis from the clinical 
to the bacteriological side as our knowledge progresses. At the start of our inquiry 
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we are presented witb. a clinical or exjideiniological plieiiomenoii, and our task is 
to discover tbe microbial parasite that is the necessary cause. We may, as in 
the case of diphtheria, or syphilis, or tetanus, find that a single s[)ecirm ])arasite 
IS responsible ; indeed this is far the most frequent solution if we neglect ra-eial 
variations within the causative microbial species. We may, however, find that 
a disease characterized by one clinical syndrome may be caused by one of several 
distinct species of bacteria. Secondary jincumonia affords one example, bacillary 
dysentery another. Once the connection between a particular parasite and a 
particular disease has been firmly established, the tendency of the bacteriologist 
is to focus his attention on the organism, rather than on the clinical condition 
to which it most frequently gives rise, and to try to build up a picture of the 
reactions between that organism and a susceptible host species in general. Thus 
we should think in terms of pneumococcal infection, rather than in terms of 
pneumonia ; and regard that particular condition merely as one example of the 
reaction between the pneumococcus and the human tissues, including in our 
generalized picture such lesions as middle-ear disease, sinusitis, meningitis, 
tonitis, suppurative arthritis, etc., and keeping constantly in mind the j^art played 
by bactersemic spread and selective localization . 

It will be convenient, in this and the immediately succeeding chapters, to deal 
exclusively with bacterial infections, since most of our knowledge has been acquired 
in studying infections of this type. In a later chapter we shall discuss how far our 
conceptions have to be modified in the case of infections with the filtrable viruses. 
Protozoal and helminthic infections are beyond the scope of this book ; though 
the methods elaborated by the bacteriologist are proving fruitful in their applica- 
tion to this wider field. 

Invasion of the Tissues hy Bacteria. 

With very few exceptions, bacteria and other microbial parasites must gain 
access to the host’s tissues and multiply in them before they can produce any 
harmful effect ; and we may for the moment regard the capacity to pass through 
some protective covering layer — most commonly through one of the mucous surfaces 
of the body — and to multiply in the subjacent tissues, as an essential attribute of a 
pathogenic organism. The “ passing through ” must not, of course, be interpreted 
too literally, or as necessarily implying any active motion on the part of the parasite. 
Apart from gross mechanical injuries to the skin and mucous membranes, the 
routes by which micro-organisms and inert particles of non-living matter get into 
the tissues are probably the same. The skin and mucous membranes of the 
mammalian body are liberally supplied with lymphatic channels, and access 
through these channels appears to be particularly easy in those areas where they 
are near the surface, as in the nasopharyngeal region, the tonsils, and the lymphoid 
follicles of the intestine. In other cases bacteria may reach the crypts of mucous 
glands, and then, after local multiplication, penetrate to the subepithelial tissue. 
In any event it is probable that the capacity for invasion depends in considerable 
part on a capacity to withstand the conditions existing on the particular surface 
where lodgment is first made, or in the channels or viscera through which the 
parasite must pass before it gains contact with a penetrable surface. Little is 
known of the first stage of infection, the transit of the infecting agent from the 
outside world to the host’s tissues, and the significance of much of it is not always 
obvious. It will be more convenient to deal with this aspect of the question 
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111 a separate cnapter, and to pass at once to the events whicli follow tlie p^f^e 
of the parasite into the tissues. 

A broad distinction can be made between those parasites which tend to remain 
localized at or about their point of entry, and those which are rapidly disseminated 
throughout the body and produce a generalized infection associated with a bacte- 
raemia. It is unlikely, as we shall see later, that any bacterial parasite multiplies 
freely in the blood stream, and the presence of large numbers of bacteria in the 
circulating blood would seem, in most cases, to be the expression of a loss of equili- 
brium ; either a rapid overflow of organisms from extravascular foci of infection 
overwhelms the clearing mechanisms of the blood, or the clearing mechanisms 
are themselves put out of action. 

The property of invasiveness is one of the characters which distinguish one bacterial 
species from another, or one strain from another within the same species. Since, in many 
cases, the pathogenicity of a particular bacterial parasite appears to be mainly determined 
by its relative rapidity of spread within the tissues, it is logical enough to refer to those 
species which spread rapidly as virulent and to those which spread slowly, or not at all, as 
avirulent ; and this usage is generally followed. The term virulent is sometimes used as 
though it were completely synonymous with invasive ; but this usage is unjustified by 
derivation and singularly inconvenient in practice. If rigidly adhered to it would necessi- 
tate the exclusion from the class of virulent bacteria of all those organisms that exert their 
lethal effect by the production, in localized foci, of powerful toxins. We could, for instance, 
no longer speak of virulent and avirulent diphtheria baciUi. It is better practice to retain 
the term virulent in its correct sense of poisonous, vdthout any implication as to how the 
poisonous effect is produced, and to apply it to any organism which gives rise to a rapidly 
fatal infection. The particular attributes on which virulence depends can be described in 
other terms. 

It may, then, be stated that multiplication of bacterial cells within the tissues 
is one of the essential factors on which infection depends. Some species can produce 
a fatal infection without any wide dissemination within the body, others cause 
death only when such widespread dissemination occurs. A part of the mechanism 
of resistance will clearly be concerned with the killing and removal of the bacterial 
cells as such. 

Bacterial Localization. 

Apart from the generalized bactersemic invasion referred to above, most bacteria 
tend to lodge and multiply in tissues remote from their point of entry to the body ; 
and certain species, or groups of species, differ sharply from one another in regard 
to the particular tissues or organs in which such localization occurs. 

The site of the primary lesion and the direction of the initial spread of infection 
are largely determined by the portal of entry to the body, and by the local anatomy, 
particularly by the direction of the lymph flow. But the portal of entry in its 
turn is determined by the natural habitat of the parasite, and this by its potentiali- 
ties for life under different environmental conditions. 

Thus, some types of staphylococci are normal inhabitants of the skin. Those 
types, or races, that are potentially pathogenic, may gain access to the underlying 
tissues by the hair follicles, or by the ducts of the sebaceous glands, and cause 
the characteristic pustules or boils. 

Many of those bacteria that lead a parasitic existence in the nasopharynx, and 
are spread from host to host by droplet infection, tend in consequence of this common 
portal of entry to show a rough similarity in the distribution of the lesions they 
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produce ; but tbe similarity is very incomplete, and breaks down abr)g(‘dhcr on a 
close analysis. Thus, pneumococci, hiomolytic streptococcd, iidlueiiza bacdli, 
dipbtberia bacilli and meningococci are all spread by droplet infection. Diphtheria 
bacilli and hemolytic streptococci both tend to lodge and niiiltiply in the tonsils, 
the former giving rise to the characteristic lesions of faucial diplit lu'ria,, the latter 
to tonsillitis. Both produce soluble toxins, which ditfuse widely from the initial 
lesion. But the tendency to invasive spread is much greater in the case of the 
streptococcus than in that of the dix^htheria bacillus. Piieiiniococci, lueinolytic 
streptococci and influenza bacilli may all spread to the lungs and cause pneumonic 
lesions, but their role in this regard is very different. The ])neiiiuococcus fully 
merits its name by its x^re-eminence as an invader of the pulmoiuiry tissue. It is 
the sole important bacterial agent in the primary x^neumonia of adolescence and 
adult life. In the secondary pneumonias associated with such infections as measles, 
whooping cough and influenza, it shares its honours with the influenza bacillus and 
the haemolytic streptococcus. The meningococcus, although it is a nasopharyngeal 
parasite and spreads by droplet infection, produces its characteristic lesion in the 
meninges. Pneumococci, haemolytic streptococci and influenza bacilli may also 
give rise to meningitis ; but whereas this is the modal reaction of the meningococcus, 
when it produces clinically obvious infection, it is a relative rarity among the host 
of pathogenic reactions caused by the three other bacterial x>arasites. 

The common sites of the primary lesions of syphilis are obviously determined 
by the venereal mode of infection ; but the secondary and lai-er stages are the same 
whether the primary chancre was genital or extragenital, and the tissues affected 
and the lesions produced are highly characteristic of the disease. 

These instances serve to emphasize that the distribution of infective lesions 
depends in large part on the biological characters of the infecting parasite, and 
their relation to the various local metabolic processes in the different tissues of 
the part. 

The intravenous injection of the bovine tubercle bacillus into rabbits, for example, pro- 
duces visible lesions in the kidney, but none or few in the liver or spleen. Yet in the 
early stages of the infection, bacilli proliferate equally in aU these organs (Lurie, 1928, 
1929, 1933). In the guinea-pig, on the other hand, tubercles flourish in lung, liver and 
spleen. These variations in the susceptibility of organs have their counttu’part in varia- 
tions in the susceptibility of different classes of cells to infection. The studies of Cluod- 
pasture and his colleagues on the spread of experimental infection in the embryo of the 
chick have revealed striking differences in the mode of proliferation of diflereiit bacteria 
(see Goodpasture and Anderson 1937, Gallavan and Goodpasture 1937, Biiddingli and 
Polk 1939, Buddingh and Womack 1941). The proliferation in the embryo of di])h- 
theria bacillus, the plague bacillus, Staph, aureus., Str. pyogenes, the ])neuniocH)e(uis and 
E. pertussis is mainly extracellular ; Str. viridans and the meningococcus multiply 
to some extent in the cytoplasm of certain living cells. Br. tularensis proliferates intra- 
cellularly, mainly in ectodermal cells, and the striking feature of invasion by Br. suis 
is its rapid prohferation in the mesodermal endothelium of the vessels. 

The explanation of these variations in organ susceptibility is obscure, tliough in some 
cases it may apparently be simply referable to anatomical features. Bor example, the 
readiness with which joints are infected after intravenous injection of ccu’tain bacteria 
may be due, not to an inherent arthrotropism of the bacteria used, but simply to the 
small amount of tissue that separates the cavity of the joint from the rich capillary 
plexus below the synovial membrane (Shaffer and Beimett 1939). Buddingh (1944) on 
the other hand, working with a strain of Streptobacillus moniliformis isolated from a patient 
with rat-bite fever (see Chapter 57), found that the organism invaded the oliick embryo, 
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ra,pidly producing a bacteraemia which was follow'ed by an apparently selective localization 
in the cells of the synovial linings of the joints, and subsequent invasion of the joint cavity. 

The Stimulation o! Specific Oellular Reactions. 

The differences between the infections produced by the various pathogenic 
micro-organisms are not confined to the distribution of lesions within the body. 
The lesions themselves are different and may be highly characteristic. The tendency 
of certain bacterial species to stimulate a localized polymorphonuclear reaction, 
associated with pus formation, has earned for them the title “pyogenic.’' Such 
experimental evidence as is available indicates that the migration of polymorphonu- 
clear leucocytes to the focus of infection is the direct result of an attractive 
(chemotactic) effect, exerted by some diffusible bacterial product. Equally char- 
acteristic lesions, which differ among themselves, are produced by the various 
non-pyogenic organisms. The diphtheria bacillus, the typhoid bacillus and the 
Treponema pallidujn give rise to tissue reactions which are so distinct that any 
competent histologist could differentiate them without bacteriological assistance. 
The special case of tuherculosis is of particular interest, in that a beginning has 
been made in tracing the connection between the various chemical products of the 
bacterial cell and the type of tissue reactions to which they give rise (see p. 410). 

It is not, of course, the case that every pathogenic bacterium provokes a distinct 
and characteristic cellular response, or that the pathologist unaided can often arrive 
at an exact bacteriological diagnosis from a histological examination of the infected 
tissue ; but, as Kettle (1927) has pointed out so clearly, there is a broad correlation 
between certain types of lesion and certain groups of bacteria, and the groups which 
the pathologist would recognize on the basis of the distribution and type of the 
lesions produced are, in many cases at least, those which the bacteriologist would 
recognize as containing closely related bacterial species. 

All this may seem very obvious and elementary ; but it is of the first importance 
to realize that different pathogenic parasites have different points of attack, and 
different methods of attacking. 

Bacterial Toxins. 

There is no apparent reason why the mere presence in the tissues, or blood 
stream, of any reasonable number of cells of an order of size expressed in low 
multiples of ja should exert any harmful effect on the host that harbours them. 
No mechanical theory of the pathogenic action of bacteria is compatible with 
our knowledge of the way in which the tissues deal with inert particles which have 
gained access to them. The basis of all harmful effects of bacterial infection is 
quite certainly chemical ; and only when the chemist has replaced the immunologist 
shall we be able to give an intellectually satisfying account of what happens when 
a particular parasite invades a particular host. In the meantime we must do 
what we can with the crude data at our disposal. 

It has long been known that certain bacterial species produce highly poisonous 
substances which give rise to characteristic lesions or symptoms when injected into 
susceptible animals. These are the bacterial toxins. A convention has become 
established according to which those toxins which diffuse readily from the bacteria 
that produce them are referred to as exotoxins, while poisonous substances which 
remain attached to the protoplasm of the bacterial cells are referred to as endotoxins. 
As knowledge has accumulated, it has been possible to correlate this character with 
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otJicrs, and a broad distinction may be made between cbaraeterist-ic inembors of 
tke two groups. 

A t3rpical exotoxin is readily separated from a bacterial (uilture, in a suitabk^ tiuid 
medium, by simple filtration through a candle of porcelain or diatoimiec'oiis ('auth. It 
shows a characteristic affinity for certain cells of a susceptible host, ]')rodu(‘mL!; tiasily 
recognizable symptoms during life, or lesions which can be detccitcal after death. Ihius one 
exotoxin can usually be distinguished from another by what we may tiu’m its |)harinaco- 
logical action. Instances of this specific effect are afforded by the action of tetanus toxin 
on the motor nerve cells, by the ocular and pliaryngeal paralyses ciauscd by the toxin of 
Cl, botulinum, and by the cardiovascular failure, the hasmorrhagic lesions of the adrenals, 
and the late paralysis in animals that survive, which are a chara-et/('i‘istie of expcn-inieutal 
diphtheritic toxsemia. 

An exotoxin is usually fatal in a very small dose. The Min imal Ldhal Dose of a potent 
diphtheria toxin for a guinea-pig is about 0-002 ml., of a potent bdanus toxin about 0-0005 
ml., and of a potent botulinum toxin about 0-0001 ml. Such toxins are usually ndatively 
thermolabile. Diphtheria toxin is inactivated by heating at 58°-™00° 0. for 1-2 liours ; 
tetanus toxin by heating at 60° C. for 20 minutes. Lastly — and this is a matter which will 
be considered more fully in a subsequent chapter — exotoxins are usually highly aniitoxino- 
genic ; that is, on inoculation into a suitable animal they stimulates the production of 
antitoxins which neutralize them specifically ; and broadly S[)caking the a, mount of 
antitoxin needed for neutralization is directly pro])oriional to the amounts of toxin 
present. 

The typical endotoxin is not liberated into the fluid medium in which the bacterium 
producing it is growing, and hence cannot be separated from the bacterial cells by simple 
filtration. It is liberated in solution or suspension by various treatments of the 
cell, alternate freezing and thawing, prolonged grinding, subjection to sonic vibration, 
extraction with different solvents — or by merely allowing cells to autolyse in a fluid 
medium. Toxins of this type may in most cases be demonstrated by the injection into a 
susceptible animal of the unaltered bacterial cells. In this case it is assumed that the 
liberation of the toxin is brought about by the lysis of the cells in vivo. The endotoxins 
do not, in general, give rise to diagnostic symptoms or lesions in exjicrimental animals, 
so that it is not usually possible to recognize any particular endotoxin by its pharma- 
cological action. The Minimal Lethal Dose of a typical crude endotoxin is in gcuierai 
larger than that of a typical exotoxin ; sometimes the ratio is of the order of 1 ,000,000 
to 1. Thus the M.L.D. of a killed broth culture of the cholera vibrio is about 0-5 ml. for 
the guinea-pig, the M.L.D. of meningococcus for the mouse is about 2 mgm. of bacillary 
substance, and the M.L.D. of the gonococcus for the same animal is about 10 mgm. of 
baciUary substance. Endotoxins are usually relatively thermostable. Cholera endotoxin 
requires 1 hour’s heating at 80°-100° C. for its inactivation ; the endotoxin of the mening- 
ococcus requires 1 hour’s heating at 120° C. ; while the same treatment has failed to 
inactivate the endotoxin of the gonococcus- The virulent S form of Sh. shigm produces 
two main toxic components which will illustrate the differences between “ exotoxins ” and 
“ endotoxins.” The “ exotoxin ” has a mouse M.L.D. of < 0-001 mgm., is an actively 
antigenic thermolabile protein, and induces characteristic paralyses in mice and rabbits. 
The “ endotoxin ” has a mouse M.L.D. of about 0-1 mgm., is a thermostable moderately 
antigenic complex of phospholipin, polysaccharide and conjugated protein, and, though 
its capacity to produce marked oedema and hsemorrhages in the gut of experimental animals 
has earned for it the name of “ enterotoxin,” it does not differ qualitatively in its general 
toxic action from similar components in other intestinal bacilli. 

The endotoxin of a number of other Gram-negative intestinal bacilli, tested in more 
or less pure preparations, have M.L.D. that vary round 0-1 to 1-0 mgm. 

EinaUy, endotoxins are seldom strongly antitoxinogenic. In some cases it has proved 
impossible to prepare anti-endotoxic sera. More commonly prolonged immunization 



CONSTITUTION OF TOXINS 


1009 


of an animal yields an antiserum which is able to neutralize a few M.L.D. of the endotoxin ; 
but the simple linear relationship between the amount of toxin and antitoxin in a just 
neutralized mixture, that obtains with exotoxins, does not hold with endotoxins. In 
many cases no increase in antitoxin affords protection when the dose of endotoxin 
passes a certain limit. 

Although this broad distinction can be made by comparing typical exotoxins 
with typical endotoxins, not all toxins fall simply into two well-defined groups- 
Thus, the toxin of Cl. botulinum is a typical exotoxin, filtrable, with a very small 
M.L.D. , with a characteristic pharmacological action, and antitoxlnogenic ; but it 
is relatively heat-resistant C. for 10 mins.). The a-toxin of Cl. tvelcJm is 

filtrable, has a characteristic local action on the tissues, and is antitoxlnogenic ; but 
its M.L.D. is relatively large (0'02-0*l ml. for the pigeon), and it is relatively heat- 
resistant (70° C. for 30 mins.). The erythema-producing toxin of the hasmolytic 
streptococcus — the toxin which is responsible for the rash in scarlet fever, and is 
employed in the Dick reaction — is filtrable, has a characteristic action on the skin 
of a susceptible person, and is antitoxlnogenic ; but its M.L.D. is very large (5-10 mi. 
or more of an unconcentrated filtrate for the rabbit) and it is very resistant to heat 
(96° C. for 45 mins.). The haemolytic streptococcus also produces another filtrable 
toxic constituent which differs from the Dick toxin in being thermolabile (55° C. 
for 30 mins.), in causing lysis of red blood cells, and perhaps of leucocytes, though 
the identity of streptococcal haemolysin and ieucocidin is not accepted by all 
observers. Its M.L.D. is large, of about the same order as the thermostable toxin, 
but in this dose it kills susceptible rabbits within 24-36 hours with an associated 
hsemoglobinuria and characteristic evidence of intravascular hsemolysis at necropsy 
(MXeod and M‘Nee 1913, Channon and MXeod 1929). 

One implication which has sometimes — though without justification — been attached 
to the term “ exotoxin ” is very probably misleading. Toxins of this type have been 
described in words which suggest that they are of the nature of active secretions of the 
bacterial cells. There is little definite evidence that this is so. Though some exotoxins, 
as that of Cl. welchiif are produced in high concentration during the phase of active bacterial 
growth, others, such as diphtheria, tetanus and Shiga toxins, only attain a high concentra- 
tion in a fluid culture when the phase of active growth has passed, and the majority of 
the bacteria present are dead or dying. How far autolytic processes may be concerned in 
toxin production is quite uncertain. Morton and Gonzalez (1942) compared the amount 
of toxin in the fluid part of a culture of diphtheria bacilli with that in the cells after dis- 
ruption by sonic vibrations. Their results indicate a very much higher concentration of 
toxin in the cells, though the absolute amount of toxin in the fluid was the greater. 

Most of the studies on bacterial toxins have been made with crude reagents — 
filtrates, autolysates or extracts of fluid cultures, — which quite certainly contain 
many substances other than the toxins. Moreover, it is now clear that a single 
species of bacterium may elaborate a number of different exotoxins and endo- 
toxins. For instance, filtrates of Cl welchii Type B may contain at least five 
distinct exotoxins ; and two major endotoxins have been isolated from virulent 
typhoid bacilli. 

Constitution of Toxins. — Few of the exotoxins have been characterized chemi- 
cally. The toxin of the diphtheria bacillus is a heat-coagulable protein, very 
sensitive to denaturation (Eaton 1937, Pappenheimer 1937, Boivin 1937). Pappen- 
heimer (1938) obtained some evidence that the integrity of the e-amino groups 
of the lysine residues in diphtheria toxin was associated with its toxic properties. 
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Scarlet fever toxin appears to be a protein of low molecular weiijjlit (Earrou, Dick 
and Lyman 1941), and both the exotoxin of Sh. sliigcv (Boivin and Blesroheanu 
1931a, h) and the 0 hsemolysin of Str, 'pyogenes have the (diaracters of a protein 
(Herbert and Todd 1941). A number of endotoxins, on the other hand, have 
been characterized with some precision. In both the salmonellcc and the dysentery 
bacilli, the antigens characterizing the smooth virulent ])hases arc also the eiido- 
toxins. Boivin and his colleagues (1933-5) and Eaistrich and To})]ey (1931) (see 
also Delafield 1934, Martin 1934, Boivin 1938) isolated from salmonella bacilli 
antigenic endotoxins which appeared to be complexes of a jjolysaccharide and a 
phospholipin. These glycolipoid complexes were split on mild hydrolysis into a 
non-toxic polysaccharide, and a feebly toxic lipiii. Morgan (1937) isolated a 
similar substance from Sh. sliigce. Morgan and Partridge (1940, 1911) subse- 
quently demonstrated a third component in the complete endotoxin of Shiga’s 
bacillus, a polypeptide which appeared to be a conjugated prot(ur\. A vsimilax 
polypeptide component is also present in the endotoxin of Salni. lyplil (Freeman 
and Anderson 1941) which proved to be identical in all respects tesi.ed with the 
conjugated protein of Shiga’s bacillus (Morgan and Partridge 1942). Tlic antigenic 
specificity of these endotoxins is in each case conferred by the polysaccluiride 
component, which, as we saw in Chapter 7, may be regarded as a hapten. Toxic 
antigens of this type, characterized by different polysaccharide haj)tcns, arc widely 
distributed among the Gram-negative bacilli of the coli-typlioid grou]), and among 
other more distantly related bacteria. (For a discussion of mycobacterial and 
neisserial endotoxins, see Chapters 16 and 23.) 

Mode of Action of the Toxins. 

It has long been recognized that the healthy tissues of an animal can be poisoned 
by products of tissue breakdown in some other part of the body. One of the 
difficulties in determining the mode of action of bacterial toxins is the separation 
of the secondary effects due to tissue breakdown, from the primary effects of 
direct intoxication by some constituent of the bacterium. As an example of a 
secondary effect we may cite “ leucotaxine ” (Menkin 1938), a substance increasing 
the permeability of the walls of the blood capillaries, and ‘‘ neorosin ” (Menkin 
1943, 1944), a necrosis-inducing substance associated with a protein. Both are 
products of inflamed tissue, irrespective of the primary inflammatory agent. 
The comparatively rapid action of some exotoxins, especially when administered 
intravenously, suggests that we are dealing with a primary effect. If, however, 
the effect is delayed for a few hours, it is impossible on a priori grounds to dis- 
tinguish a latent period due to a slow penetration of toxin into, or a slow accumula- 
tion of toxin in, primarily susceptible tissue, from a latent period during which 
secondary toxins are being elaborated in primarily intoxicated tissues. The diffi- 
culty will probably be resolved by precise physiological and biochemical studies 
on the action of pure preparations of bacterial toxins. It must be realized, however, 
that the conspicuous effects that have been obtained in short-period observations 
of animals injected with relatively large doses of toxin may have little direct bearing 
on the relatively slow process of intoxication that occurs in natural bacterial 
infections (Wright 1942). 

To postulate that toxins interfere with some essential metabolic processes in the 
animal tissues is merely another way of saying they are toxic. They may act by poisoning 
enzymes, rendering substrates insusceptible to enzymes, or altering the quantity or 
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quality of the products of certain enzyme processes. Both Wooldridge and Higginbottom 
(1938) and Peters and Cunningham (1941) have tested the effect of exotoxins on enzyme 
systems isolated from animal tissues. The former showed that the a- toxin of Cl. welcMi 
depressed the aerobic oxidation of succinate by guinea-pig intestine, but only when present 
in very high concentration. Peters and Cuimingham observed no change in a number of 
heart-muscle dehydrogenase s^^stems to w'hich diphtheria toxin had been added. Diphtheria 
induces in the carbohydrate mefcaboHsm of the rabbit changes attributable to abnormally 
large secretions of adrenaline (CorkiU 1932, Corkill and Ochoa 1934, Yannet and Darrow 
1933). Cross and Holmes (1937) demonstrated that isolated liver tissue from rabbits so 
intoxicated exhibited diminished resphation and diminished capacity to store glycogen 
and to synthesize carbohydrates from compounds like pyruvic and lactic acid. The^" 
were unable to decide whether the alterations were due to a direct damage of the liver 
cells, or to modification of the hormonal influences to which they are normally subjected. 

Some of the specific physiological effects of the exotoxins of CL welchii in the whole 
animal have been studied by KeUaway and his colleagues (Kellaway, Trethewie and Turner 

1940, Kellaway and Trethewie 1941). It is suf&cient to note here that they range from 
direct action on the central nervous system, and the peripheral arterioles, to the lilieration 
from tissues of histamine, adenyl compounds, and a substance causing slow contraction 
of the involuntary muscle. The a-toxin of CL loelchii is of particular interest, being the 
first toxin whose action could be attributed directly to its enz^nnic nature. It is a thermo- 
stable lecithinase (Macfarlane, Oakley and Anderson 1941, Macfarlane and Knight 1941) 
to whose power of splitting lecithin and lecithoprotein complexes the a-toxin probably 
owes its haemolytic, necrotizing and lethal properties. 

The glycolipoid or, as they may be called, the lipo-polysaccharide endotoxins 
of the Gram-negative bacilli described above appear to act on the animal body in 
the same way, irrespective of the particular bacterium from which they are derived. 

For example, injection of whole bacteria or of bacterial products is followed by changes 
in the concentration of blood sugar. The earlier findings m this respect (Menten and 
Manning 1925, Zeckwer and Goodell 1925, Menten 1926, Levine and Kolars 1926, Menten 
and King 1930) are difficult to correlate and interpret. Delafield (1931, 1932) found that 
intravenous injection of killed suspensions of various Gram-negative bacteria ivas followed 
by a marked hyperglycsemia, maximum in a few hours, then declining into a hypoglycaemio 
phase marked at 24 hours, after which, if the animal survived, the blood sugar returned 
to normal. The inorganic phosphorus levels fluctuated inversely as the blood sugar 
levels. Gram-positive bacteria do not appear to contain substances of this type (Delafield 
1932, Olitzki, Avinery and Koch 1942). The endotoxins, as subsequent work has shown, 
are responsible for this effect (Delafield 1934, Boivin and Mesrobeanu 19346, Morgan 

1941, 1943, Favorite and Morgan 1942, Olitzki, Bendersky and Koch 1943, Leon and 
Morales 1943). The other non-specific effects of these endotoxins, depending on the dose 
and animal tested, include leucopenia, followed by a polymorphonuclear leucocytosis, 
and endothelial damage resulting in haemorrhages, and sometimes focal necroses. 

It is possible that adrenal stimulation and damage may play some part in the pro- 
duction of these effects (see Evans and Zeckwer 1927, Olitzki, Avinery and Koch 1942). 
In Sh. shigce Olitzki and his colleagues (Olitzki, Leibowitz and Berman 1937, Olitzki 
and Avinery 1937) distinguish a toxic fraction and separate fractions producing leucopsenia, 
glycsemia and hypothermia respectively. It is not certain how far their fractions were 
made up of complete endotoxin, and of breakdown products therefrom. 

Other Active Constituents or Products of Bacteria. 

We have already noted certain specific or non-specific biological characteristics 
of toxins ; and many others, like the hsemolysins and leucocidins of Staph, aureus, 
could be instanced. In this section we are concerned with bacterial products 
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tliat are not markedly toxic in tkemselves, but act upon animal tissues and fluids 
in such a way as to suggest that they may influence the course of a bacterial 
infection. It is to be remarked, however, that the mere association of a biochemical 
property and pathogenicity either in a bacterial species or in the more virulent 
strains of a pathogenic species, is not by itself evidence that the property is con- 
cerned in infection by the species. As we have seen in the chapter on variation, 
latent activities of bacteria can be made manifest by the provision of suitable 
substrates, and though a virulent bacterium may exhibit an activity because a 
suitable substrate is present in the tissues of its host, it does not necessarily follow 
that the virulence depends on the capacity to attack the particular substrate; 
the capacity may in this respect be purely accidental. 

Thus among the staphylococci, the more pathogenic Staph, aureus produces a coagulaes 
that accelerates the clotting of human and rabbit plasma (Much 1908, Gross 1931(2, b, 
Gengou 1933, Chapman et al. 1934). Since the formation of fibrin clots is a marked 
feature of Staph, aureus lesions in man and animals, it is natural to relate the two features. 
Nevertheless, Menkin and Walston (1935) could find no evidence that staphylocoagulase 
was concerned in the production of the staphylococcal lesions. 

Tillett and Garner (1933) demonstrated an antigenic substance in hreinolytic streptococci 
that dissolves human fibrin (see also Tillett, Edwards and Garner 1934, Tillett 1935, 
1938, Jablonowitz 1939). This fibrinolysin, though relatively heat-stable, behaves in 
many ways like an enzyme (see Mirsky 1944). It is produced by most Group A, C and 
G streptococci associated with suppurative and invasive types of human infection, while 
strains from feebler infections and throat-carriers are less actively fibrinolytic. 

There is no doubt that active substances of the coagulase and fibrinolysin type are 
produced by a considerable variety of bacteria (see, for instance, Reimer 1936, Saski and 
Eejgin 1937, Christie and Wilson, 1941, Reed et al. 1943) ; and that a single bacterium can 
produce both types of substance. Again, each type of activity shows some degree of 
host specificity. Staphylocoagulase is inactive in guinea-pig plasma, and streptococcal 
fibrinolysins do not dissolve rabbit or fowl clots (see also Le Mar and Gunderson 1940). 
Milstone (1941) has shown one way in which this species -specificity may be determined. 
He found that human, but not rabbit, serum contains a heat-labile “ lytic factor ” associ- 
ated with the euglobulin, in the absence of which streptococcal fibrinolysin failed to dis- 
solve a pure fibrin clot. If the lytic factor were added to the rabbit fibrin, it became 
susceptible to the fibrinolysin. Smith and Hale (1944) found that susceptibility of sera 
to staphylocoagulase also depended on the presence in the serum of an activator. Human 
and rabbit sera contain the activator, which, when added to naturally insusceptible 
guinea-pig serum, renders it susceptible to coagulase. For the most part these activities 
are broadly associated with virulence, but highly virulent strains may not possess them, 
and vice versa; Sartorius (1936), for instance, could find no correlation between 
fibrinolytic activity and virulence in hsemolytic streptococci. 

One of the most interesting classes of these relatively non-toxic bacterial products 
is that of the ‘‘ spreading ” or “ diffusing ” factors. Duran-Reynals (1928, 1929) described 
a substance in extracts of bull testicle that increased the area of the lesions following the 
injection of infective material into mammahan skin. As McClean (1930) and Hoffman 
,an*d Duran-Reynals (1931) showed, the substance increased the permeability of the tissues, 
facilitating the spread of the fluids injected — whether solution of dye or toxins, a suspension 
of Indian ink, viruses or bacteria. Intradermal injection of flui(i ordinarily raises a bleb 
that may take several hours to disappear. The presence of diffusion factor causes the 
bleb to disappear within a few minutes. 

We can indicate only the broader relations of difiPusing factors to infection. For 
detailed information the reader is referred to the review by Duran-Reynals (1942). The 
addition of diffusing factor to an inoculum of pathogenic bacteria or viruses enhances 
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the lesion only if the concentration of infectant is relatively great, or if its virulence is 
relatively high. If, for example, the bacteria are present in small numbers, or are only 
moderately virulent, the lesion may not develop at all, while injection without diffusing 
factor gives rise to a circumscribed lesion. Clearly the diffusing factor may inhibit the 
appearance of a lesion by spreading the pathogenic material in subinfective concentration 
throughout the tissues (see Thomas and Duran-Reynals 1935). On the other hand, if 
the bacterium is highly virulent, the lesion is not only larger than that produced in the 
absence of diffusing factor, but may have a more uniformly fatal outcome. Diffusing 
factors are elaborated by certain species of bacteria ; Staph, aureus and Sir. pyogenes 
(Duran-Reynals 1933) ; pneumococci (Goodner 1931, 1933) ; various clostridia and some 
strains of diphtheria baciUi (McClean 1936). Diffusing factor has not been found in 
members tested of the Bacterium, Pasteurella, Rickettsia, Bacillus, Brucella, Vibrio, Hcemo- 
philus and Neisseria groups (see also Ungar and Bacharach 1942). 

The identity of certain mammalian and bacterial diffusing factors with the enzyme 
hyaluronidase was first suggested by Chain and Duthie (1940) , and although the parallelism 
is not complete (see Hobby et al. 1941, Meyer et al. 1941) the fact that man}’’ bacterial 
diffusing factors exhibit hyaluronidase activity and that growth of certain bacteria 
in media containing hyaluronic acid enhances the production of diffusing factor and 
hyaluronidase to the same degree (McClean 1941, McClean and Hale 1941) strongly 
suggests that the diffusion factors act by virtue of contained hyaluronidase. The inter- 
cellular ground substance of mesodermal tissue contains hyaluronic acid in a viscous 
polymerized form, and it appears that the enzyme hydrolyses the viscous polymer and 
thus permits the ready diffusion of fluid through the intercellular spaces. 

It is evident that in certain experimental infections, the addition of hyaluronidase 
to the inoculum enhances the virulence of the contained organisms. The role of hyaluroni- 
dase in infections by organisms that produce it themselves is less clear. McClean and 
his colleagues (1943) detected large amounts of hyaluronidase in weU-established local 
lesions by Cl. welchii. Cl. septicum and certain strains of Cl. oedematiens, and it is reasonable 
to postulate that in such circumstances the spread of the hyaluronidase-producing organ- 
isms would be facilitated by the enzyme. But it may be argued that, in the very early 
stages of a natural infection when the growing bacterium is present in small numbers, 
hyaluronidase, by promoting a rapid dispersal of the bacteria through healthy tissues, 
would expose invading organisms more thoroughly to the lethal action of the tissues. 

The production of hyaluronidase, hke that of coagulase and fibrinolysin, is associated 
with virulent species of bacteria, and to some extent with the virulent strains within a 
species. There is not, however, a complete correlation between invasiveness and hyaluroni- 
dase production. For example, some highly invasive strains of CL welchii produce none 
(Evans 1943) ; and the same is true of certain types of Str. pyogenes obtained from 
severe human infections (Crowley 1944). Moreover, bacteria like Brucella melitensis and 
tularensis and Pasteurella pesiis, which are highly invasive in the accepted sense of the 
word, produce no hyaluronidase, while Staph, aureus, which is not markedly invasive, 
produces it in abundance. The role of hyaluronidase in infection cannot be settled until 
it is quite clearly shown that the virulence of a strain producing the enzyme is significantly 
altered by inhibition of its hyaluronidase-producing powers, or by neutralization of the 
hyaluronidase in vivo. Evans (1943) has made a start in this direction by showing that 
passive immunization of guinea-pigs with an anti-hyaluronidase serum does not materially 
alter the capacity of minimal infecting doses of Cl. welchii to engender gas gangrene, though 
his results are open to the criticism that the antiserum employed was too weak to exert 
a protective effect. 

It is probable that pathogenic bacteria produce enzymic and other non-toxic 
substances which, by their action on the tissues influence the course of an infection 
(see, for example, Birch-Hirschfeld 1940). But in all cases we must guard against 
confusing an association with a causal linkage. As we have already emphasized, 
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a biocliemical diaracter may be genetically linked with cliaract-ers t,hai determine 
the virulence of an organism, and at the same time play no signitlcant part in 
infection. 

It seems quite possible that, wherever there is formed in the t-issues a nidus of bacterial 
cells, alive or dead, there may result in the immediate neighbourhood a diversion of the 
normal metabolic processes sufficiently serious to derange the local cell activities. It is 
not impossible that the diffusion of bacterial enzymes might convert such a local effect into 
a more general one. 

We skonld then regard the bacterial cell as endowed with an extensive armoury 
of chemical weapons of attack. These include (a) the filtralilc toxins, diffusing 
freely from the site of infection and acting specifically on certain sensitive tissue 
cells. These are often lethal in extremely small doses ; (h) the lueniolysins and 
leucocidins, acting directly on red cells and leucocytes, and hence influencing the 
course of an infection ; (c) toxic substances contained in the bacterial cells, and not 
freely liberated into the surrounding fluid. Among these endotoxins are some, at 
least, of the somatic bacterial antigens, that are lethal in moderate doses and induce 
characteristic changes in the chemical constitution of the circulating blood ; (d) 
various active substances which, though not directly toxic, may possibly influence 
the reactions of the tissues by inducing or inbibiting the clotting of plasma or lymph 
or by dissolving the fibrin of a clot already formed, or by increasing the per- 
meability of the tissue spaces, or by any combination of these effects. 

Hypersensitiveness and Allergy. 

There are reasons, which will be discussed more fully elsewhere, for believing 
that the tissues may become sensitized during the course of a bacterial infection, 
so that a bacterial constituent which before called forth little or no response may 
act as a powerful stimulus. In some cases the vigorous response evoked is injurious 
to the host, so that a bacterial product which possesses little or no toxicity for a 
normal animal may he highly toxic for an animal which has become sensitized by 
infection. The well-known tuberculin reaction in the guinea-pig is a case in point. 

Some Illustrative Examples. 

We have described above the various bacterial factors which, so far as we know 
at the moment, are certainly, probably, or possibly concerned in the pathogenesis 
of infective diseases, 

A few illustrative examples may serve to emphasize the more important points. 

Botulism may be placed at one end of the scale, as an example of a pure toxsemia. 
It is not a true infection, bnt is closely analogous to the effects that may follow the 
consumption of such vegetable poisons as those produced by certain fungi or plants. 
There is no certain evidence that Cl. hotulinum ever invades the tissues, or multiplies 
in them. Man is affected by eating food in which the organism has grown and 
produced its toxin. 

Tetanus is one step removed, in that the bacillus must gain access to the tissues 
and multiply in them in order to produce its toxic effects ; but its invasive powers 
are very slight. It usually gains access to the body as the result of some mechanical 
injury, and the local multiplication of the organism is in many cases assisted by 
gross injury to the tissues, by the injurious effects of some associated infection, or 
by the presence of some chemical agent, such as a calcium salt, which alters the local 
conditions to the advantage of the parasite. 
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Diphtlieria takes us a little furtker along the scale. The bacillus is capable of 
implanting itself in the faucial region, and of spreading from host to host, by ordinary 
droplet infection or in similar ways. It has relatively slight but quite definite 
invasive powers. It causes a characteristic local lesion, and may occasionally in- 
vade other tissues and organs. Its lethal effect, however, depends almost entirely 
on its activity as a toxin-producer. 

The haemolytic streptococcus combines the activities of a typically toxigenic 
organism with those of the highly invasive group of bacteria. It produces a re- 
latively heat-stable toxin, with a characteristic action on the skin, which is the cause 
of the typical toxic rash in scarlet fever ; but it also invades the tissues freely. 
Indeed, highly virulent strains of the organism are among the most rapid and 
vigorous tissue-invaders with which we are acquainted in human pathology. In 
relation to this tissue invasion it is very probable that the hsemolysin, the leucocidin, 
and perhaps the fibrinolysin and the hyaluronidase produced by pathogenic 
streptococci play a significant part. 

As we move along the scale we meet a variety of organisms whose pathogenicity 
seems to depend entirely on their power of spread and multiplication in the tissues, 
and whose more important effects seem to be localized to the areas in which such * 
multiplication occurs. These differ among themselves in selective localization, and 
in the tissue reactions to which they give rise. Thus, staphylococci most commonly 
cause localized suppurative lesions, with a varying degree of lymphatic spread, which 
may sometimes be rapid and extensive. More rarely they give rise to a generalized 
infection of the pysemic type, in which the cocci are carried from the original focus 
of infection in detached fragments of an infected thrombus. Here again, hemolysin, 
leucocidin, and perhaps coagulase, fibrinolysin and hyaluronidase may play a part 
in determining the type of lesion in any particular case. 

Finally, there are organisms, such as the tubercle bacillus, the leprosy bacillus 
and the Tr, ‘pallidum, that tend to produce more chronic lesions of the granulomatous 
type. We know little as yet of the bacterial constituents that determine this parti- 
cular type of tissue response, except in the case of the tubercle bacillus — see Chapter 
59 ; and even there our knowledge is as yet very scanty. It seems probable that 
it is conditioned in large part by the absence of those bacterial constituents that 
determine the more rapid and vigorous response induced by organisms of the 
acutely toxic, pyogenic, or invasive type. 

The defence mechanisms brought into play, and their relative importance, will 
clearly differ according to the type of infection. It is with these mechanisms that 
we shall be concerned in the following chapters. 


SUMMARY 

(1) An ability to gain access to the tissues, and to multiply in them to a lesser 
or greater degree is an essential attribute of a pathogenic organism. Some organisms 
produce their effects by the local production of a powerful toxin which passes into 
the tissues, and produces its toxic effects on cells remote from its site of origin. 
Others produce their main pathological effects at the site, or sites, in which they are 
multiplying. Of these latter, some give rise mainly to lesions limited to the near 
neighbourhood of then point of entry ; others to lesions remote from this point, 
but characteristically localized in certain tissues or organs ; others, again, to a 
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generalized baciercxmic infection. These different modes of attack are often 
combined in the case of a single infecting bacterium. 

(2) The selective localization of bacteria in particular organs or tissues of the 
body is determined in part by characters inherent in the bacteria tlKunselves. The 
anatomy of the infected host, the biochemical reactions of different tissues, and the 
defence mechanisms brought into play, combine with these inherent bacterial 
characters in determining tbe exact distribution of lesions encountered in each 
particular case. 

(3) Pathogenic bacteria differ in the cellular reactions to which they give rise. 
These differences may be highly characteristic. 

(4) Among the bacterial toxins are some which arc characterized by the ease 
with which they may be separated from the bacterial cells which produce them. 
Under suitable conditions they diffuse into a hiiid medium and may be obtained 
from tbe cells by simple filtration. Toxins of this class are commonly referred to 
as exotoxins. They are usually characterized by possessing a specific pliarinaco- 
logical action, and by being actively antitoxinogenic. Their Minimal Lethal Dose 
is generally small, sometimes very small. They arc in many cases tlicnnolabile, 
being inactivated by temperatures in the neighbourhood of 55'^ C. The more 
fully investigated exotoxins are predominantly protein in nature. 

(5) Apart from these toxins there is another class of toxic bacterial products 
which are characterized by remaining incorporated in the substance of the bacterial 
cells. They can be obtained in a state of solution, or perhaps suspension, only by 
extraction or manipulations that result in tbe disintegration of the cells. They do 
not, in general, exert any characteristic pharmacological action by which they can 
be differentiated from one another. They are feebly antitoxinogenic. Their 
Minimal Lethal Dose is usually large. They are relatively heat-stable, witlis tan ding 
temperatures of 80°-120° C. for an hour or more. They are often referred to as 
endotoxins. The more fully investigated endotoxins have proved to be predomin- 
antly lipo-polysaccharide in nature ; some of them contain protein-like substances 
that are essential to the constitution of the toxic complex. 

(6) Although it is often an easy matter to assign a toxic bacterial product to 
one of these categories, this is not always the case, since the criteria referred to above 
are by no means constant. It would, indeed, be very difficult to give any satisfac- 
tory definition of an endotoxin. Within this category we may include certain 
of the somatic antigens of bacteria that have been found to be highly toxic in 
the form in which they occur in the bacterial cell. 

(7) There are other substances in bacterial cells which are not in themselves toxic, 
but whose nature—the capacity to induce or inhibit the coagulation of plasma 
or lymph, to dissolve a fibrin clot, or to increase the local intercellular permeability 
of tissues — suggests that they may influence the course of the infective process ; 
and it is possible that other enzymes concerned in bacterial metabolism may have 
a like influence in infection by alteration of the metabolism of the tissues. 

(8) As the result of infection the tissues of the host may become hypersensitive 
to the infecting bacteria or to their products. Such sensitization may play an 
essential part in some of the phenomena of infective disease. 
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CHAPTEE 45 


THE MECHANISMS THAT HINDER OR PREVENT THE ACCESS 
OF BACTERIA TO THE TISSUES 

As noted in the previous chapter, an ability to gain access to the tissues and to 
multiply in them to a lesser or greater degree is an essential attribute of a pathogenic 
organism. It is logical to commence our study of the defence mechanisms of the host 
by considering the barriers that are opposed to the ingress of bacterial parasites 
from the outside world. Unfortunately our knowledge is here at its sketchiest. 
Most studies of experimental infections in animals have been concerned with 
reactions that take place within the tissues. It is only within recent years, and in 
the hands as yet of relatively few workers, that any serious attempt has been made 
to study systematically the mechanisms concerned in the first line of defence. 

It will be convenient to take in turn the various body surfaces and portals of 
entry, and to summarize very briefly our scanty knowledge of their behaviour 
towards bacteria that establish contact with them. 

The Skin.— It needs only the most casual acquaintance with the ordinary 
accidents of life to establish the value of an intact skin as a barrier against bacterial 
infection. The inability of the deeper tissues to protect themselves against the free 
access of bacteria from the outside world set a sharp limit to major surgical inter- 
ference in pre-Listerian days. There can be little doubt that the skin functions 
in the main as a simple mechanical barrier, but it has recently become clear that 
the efficacy of this barrier is enhanced by a complex biological mechanism which 
enables the skin surface to free itself rapidly from the majority of those bacteria 
that are continually impinging upon it. 

The skin has certain self-steriKzing powers. Colebrook (1930) found that hsemolytic 
streptococci were rapidly killed on the skin of the normal hand. Three minutes after 
swabbing the finger lightly with a broth culture, 30 million cocci could be recovered by 
swabbing with sterile broth. One hour later 1-7 million cocci were recoverable ; two 
hours later, 7,000 cocci. Similar results were obtained with Proteus vulgaris, Bact. fried- 
Idnderi and Bad. coU., and control experiments on other surfaces showed that the bacteria 
had not died by desiccation. Though the skin will free itself to a considerable extent from 
bacteria that form no part of its normal flora, its reactions are entirely different towards 
those species that habitually live on it. No amount of washing, nor any of the chemical 
disinfectants commonly used for sterflizing the hands in obstetrical practice, wifi, remove 
from the skin the numerous staphylococci and bacilli that normally vegetate thereon. 
These organisms, which were named by Price (1938) the “ residents,” as opposed to the 
“ transients like Str. jiyogenes, probably lie in the ducts of the sweat and sebaceous 
glands, in hah follicles, or among the cells of the stratum corneum, though Price himself 
suggests that they are in some intimate manner adherent to the skin surface. 
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Arnold, Gustafson and others, 1930 (sec also Karas and Arnold 1931 ), record a more 
detailed series of observations along similar linos. iVbont 99 piT o(mt. of Cliromobacfprium 
prodigiosum could not bo recovered in 20 imimies, and all vcav th'ad \uthm 30 iniiiutes. 
On the palmar surface of the clean hand Barf, colu Salni. fi/phl and Sdlw. rntnifidis could 
not be detected after 10 minutes, though in ecTtam regions, under tlu' n‘ul-t»i[) atid along 
the lateral margins of the finger nails, the bacteria persist, ( mI longer, Tliere wa,s a rapid 
initial reduction of Staph, aureus on the palmar siirfiici‘ of thi' hand, but sniali numbers 
persisted for long periods. The skin of dirty hands had less sidf-st.enlizing power, the 
reduction of Sahn. enteritidis being 5 per cent, in 20 minutes ; after washing the reduction 
was 100 per cent, in 20 minutes. Fifteen mmutes after the tleaili of idie skin, most of 
the bactericidal action for Bact. coli had disappeared 

The readiness with which Str. pyogenes is killed on the skin has been partly (diuddated 
by Eurtonshaw (1938, 1942) (see also Williams et al. 1943) who extrackal, from normal 
living or dead skin, substances resembling long-chain fatty acids and soaps that were 
markedly bactericidal for Str. pyogenes, but not for Staph, aureus. 

Arnold and his colleagues attach considerable importance to tlie idFect on bacteria 
of the pH of the skin, which is usually acid (5-8-5-2, see Schado and Mareluonini 1928). 
Marchionini and others (1938), using a skin electrode, found the greater part of th(‘ skin 
surface was acid, the pH in some spots being as low as 5 or even 3. llKU’e wcu'e a,lkaline 
areas in the axillae and groins, between the toes and on parts of the foot, which they 
regarded as gaps in the acid coat ” that constitutes a defenci' against mfiudion of the skin. 
The flora of skiu was scantier in the acid areas and, in these, applied Chromohacteriuni pro- 
digiosum disappeared more rapidly than in the alkaline areas. After induced sweating 
the skin increased in acidity, and was more bactericidal. Bergeiin and Cornbleet (1943) 
attribute the acidity to the lactic acid excreted in sweat, and to the volatile acids formed 
from it by bacterial action. The former is active in regions where the pH. of the skin 
is 5 3 or less ; at a higher pH, it dissociates and loses much of its bactericidal power. 
The latter are active at a pH of 5*3 to 6*2, and will consequently be effective in the 
more alkaline areas of the skin. 

(For general discussion of the protective powers of the skin see also Vierthaler 1940, 
Keufeld 1942). 

It should be noted that not only may bacteria be killed, but viruses may be inactivated 
on skin. Influenza virus, for example, in one series of experiments, could not bo detected 
10 minutes after application to the human skin (U.S. Kavy Medical Bulkdiii 1943); 
though in another series (Parker and MacNeal 1944) suspensions of virus in the allantoic 
fluid of the chick survived 45 to 50 minutes on the skin of the hand. 

Fleming (1922, 1929, 1932) has recorded the presence in tears, in nasal secretion, and 
in many tissues including the skin, of a relatively thermolabile substance which, in high 
dilution, causes the lysis of certain non-pathogenic bacteria, and in particular of an organism 
to which he gave the name of Micrococcus lysodeikticus. This substance, lysozyme, is an 
enzyme (Meyer et al. 1936, Abraham 1939) which appears to initiate lysis by splitting 
certain polysaccharide components of susceptible bacteria (Epstein and Chain 1940). 
It is active against some strains of staphylococci, and of intestinal strcjitococci of human 
origin. In high concentration it acts, though less energetically, on other pathogenic 
bacteria. It is natural to inquire whether it plays any part in the self-disinfecting action 
of the human skin. If so, it would seem that its role is relatively unimportant ; since 
Colebrook (1930) records that many of the bacteria that are rapidly removed are not 
susceptible to its action, while Micrococcus lysodeikticus itself disappears less rapidly from 
the skin than such species as Str. hcemolyticus, Bact. coli or Proteus vulgaris. 

The Mouth, Stomach and Intestinal Tract. — ^When bacteria gain access to the 
mouth, provided that they are not introduced as constituents of some food or 
drink that is immediately swallowed, they adhere to the mucus with which the 
lining epithelium is plentifully covered. 
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A series of careful studies by Bloomfield (1922a, h, c) have enabled him to trace in 
some detail their subsequent fate. In an initial series of experiments carbon particles were 
placed on the tongue, on the palate, in the sublingual space, on the mucosa of the cheek, 
on the posterior pharyngeal wall, or on the tonsil, and their subsequent movement was 
carefully observed. It was found that there was little or no tendency for the particles to 
spread at random over the surface of the mouth, but that they were removed from the various 
sites of implantation in an orderly manner. The general path of removal was directly 
backwards. There was no forward dissemination nor w'as there any tendency to wide lateral 
spread — carbon placed well to one side of the tongue near its tip did not, for instance, 
cross the mid-line. The paths of transit from the tongue, sublingual space and palate all 
converge at the base of the tongue. The tonsils, protected by the faucial pillars, occupy 
a position that is out of the way of these lines of passage so that under normal conditions 
particles that are deposited on the tongue are swept past them. The currents that bear 
the particles backwards axe almost certainly the result of suction, set up by the lips, cheek, 
tongue and palate ; and particles are removed with particular rapidity from the sublingual 
space and from the lateral buccal mucosa, where the flow of saliva is maximal and the local 
formation of the mucosa is least favourable to retention. Particles placed directly on the 
tonsils are in part removed rapidly by the general flushing action of the saliva ; but those 
that once gain lodgment remain relatively stagnant for a considerable period of time. 
Having reached the base of the tongue the particles are periodically swallowed. In general, 
carbon particles are almost completely removed from the mouth within 15 to 30 minutes. 
Subsequent experiments with Sai cina lutea showed that bacteria introduced into the mouth 
were removed in the same fashion as carbon j^articles. Attempts were made to alter the 
flora of the tongue by thorough and repeated washing. It was found that the greater part 
of any bacteria artificially implanted could be rapidly removed in this way, but no amount 
of washing would produce any significant change in the character or number of the normal 
lingual flora. It would appear that bacteria entering the mouth are unable to persist 
on any of the mucous surfaces for more than a few hours unless their biological characters 
are such as to allow of successful colonization. Once colonized they become part of the 
local flora, and can no longer be dislodged by any simple mechanical means, nor probably 
by any ordinary disinfectant. 

Human sahva is to some extent bactericidal. It is said to moderate the virulence 
of diphtheria bacilli given intradermally in guinea-pigs (Bezi 1932), and to be bactericidal 
for 0. dipJithericB (Bold and Weigmann 1934, Weigmann and Koehn 1936, Weigmann 
and Noeske 1937), and for a wide variety of cocci and intestinal pathogens (Bold et al. 
1936). Bold and his colleagues gave the name “ Inhibine ” to the bactericidal principle 
of saliva, which they found to he thermolabile, and protein in nature. Casassa (1937) 
found the salivary principle to be heat-stable ; while Schafer (1936) failed to confirm 
Bold’s findings. (See also Auerswald 1938.) 

Once bacteria have been swallowed they are subjected in the stomach and 
upper part of the duodenum to the action of the gastric juice, with its high hydrogen- 
ion concentration. It has long been recognized that the gastric secretion imposes 
a barrier to the passage of bacteria from the mouth to the intestine, but the careful 
studies of Arnold and his colleagues (Arnold 1926, 1927, 1928, 1929, Arnold and 
Brody 1926a, h) have placed our knowledge on a more detailed basis. By fixing 
various segments of the gastro-intestinal tract of the dog to the skin of the abdomen 
they were able to withdraw samples of the contents by sterile puncture as desired, 
and thus to determine the nature of the normal flora in relation to the acidity or 
alkalinity of the intestinal contents, and also the fate of other bacteria when 
administered by the mouth. 

Table 66 shows the relation between the hydrogen-ion concentration of the intestinal 
contents and the prevailing bacterial flora at different levels. 
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TABLE 66 


Portion of Small Intestine. 

pH of j 
Contents. 

Baetoual Pluia 

Duodenum 

5*2-6 0 

Few Gram-positive cocci. 

Jejunum, upper half 

Jejunum, lower half . 

5*5-6* 5 

6 0-7*0 

Gram -positive cocci, few aiul 


Gram-negative bacilli. 

Ileum 

6 8-8*0 

Rich and varied bacterial flora. 


Using as test orgs^nism^ CJiromobacterium proiUgiosinn. and Ps. 'pi/ociianca, it. w'as found 
that these bacteria, when introduced in watery suspensions into the empty st,( .maeb of a dog 
12 to 18 hours after a meal, failed to reach the cjecum. Introduced in an alkaline buflo.red 
watery suspension or in alkaline buffered milk they reached the caecum in large numbers. 
(See also Teale 1934 and Chapter 90). 

Whether the bactericidal action of the duodenal contents is entirely (hderinined by 
its hydrogen-ion concentration, is, perhaps, open to question (see Meyer and Lbwonborg 
1928). 

Garrod (1937) found that gastric juice was markedly ])a<l.ericidal ibr a number of 
organisms that infect by the mouth. Br, abortus was most susci^ptible ; and after it, in 
diminishing order of susceptibility, Br, meliUnsis, Salm, typM, Salm. typhEuiarium and 
Sh. flexneri. 

With regard to the possible effect of Fleming’s lysozyme in the stomach and intestine, 
Goldsworthy and Florey (1930) have studied the distribution of this substance in mucus 
and mucosal extracts from several animal species, using as tost organisms M irrococcus 
lysoaeihticu^ and a series of unidentified susceptible bacteria isolated from the air of the 
laboratory. In the cat, no lysozyme could be detected in mucus from tlio stomach or (a)lon, 
though small amounts could be demonstrated in saline extracts of the dried tnucosiX). 
In the dog, detectable amounts were present in the mucosa of the intestinal tract, tuoro in 
the colon than in the stomach. In the rabbit, the mucosal extracts were actively lydic. 
The colon was more active than the stomach, the small intestine falling between the two. 
In the guinea-pig, on the other hand, the mucosa from the stomach was more active than 
that from the intestine. What part this substance plays in eliminating siuscepUble species 
from the intestinal flora it is, however, impossible to say. 

Quite apart, however, from the action of the contained lysozyme, there (‘jin bo no 
doubt that the mucus itself provides a very efficient and important cleansing and pixjteetivo 
mechanism. Florey (1933) has studied this mechanism in some detail. Ho tinds that the 
mucus does not form a uniform coating over the epithelial colls of th(^ mucosa, but is 
present in the form of a lace-like me.sh-work spread over the mucosal surfai'in ddie villi free 
themselves from any small adherent particles by movements that bring the parthtk^y into 
contact with the mucus, to which they adhere. The mucus, with the adiiercai parliclcs, 
is then rolled up into small masses by the intestinal movements, and is propidletl onwards 
by the peristaltic movements of the bowel. Non-pathogenic bacteria, when introduced into 
the intestinal lumen, appear to behave very much as inert particles, except that those 
sensitive to lysozyme are dissolved when lysozyme is present. When a thick suspmisioii of 
a pathogenic organism, such as Salm. typM-murium, is introduced into an intestinal loop the 
resulting changes are very different. There is a considerable exudation of phagocytic cells 
into the gut lumen, and in places the epithelial cells desquamate, leaving bare tlie under- 
lying stroma. Most of the mucosa, however, preserves its epithelial covering cornpkdidy ; 
and it would appear that the bacteria not infrequently enter, and pass through, the epithelial 
cells themselves. 

It is of obvious interest to inquire whether those procedures that alter the 
normal conditions in such a way as to allow bacteria to pass alive througli the 
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stomacli and duodeniini to tlie lower segmeiits of the intestiiie have any effect 
in promoting their passage through the intestinal mucosa to the lymphatics and 
blood stream, 

Arnold ( 1928) has studied this problem experimentally. Bad. coli and CJiromohaderium 
frodtgiosum were injected with minimal injury into a dog’s duodenum, and counts were 
made of the bacteria in the lymph collected from a canula inserted into the thoracic duct. 
The results are summarized in Table 67. It will be noted that alkalinization alone does 
not suffice to induce the transit of bacteria from the intestmal lumen to the lymphatics, but 
that addition of bile, or still better of egg white, so alters the conditions at the mucosal 
surface that such passage occurs. The negative findings with the other suspenduig fluids 
employed are in accord with those of Neisser (1896) and of Teale and Embleton (1914). 
It would appear that only under quite exceptional conditions is the intestinal mucosa per- 
meable to living bacteria ; and it would seem (Nedzel and Arnold 1931) that raw egg 
albumin is peculiarly potent in inducing the passage of bacteria not only from the intestinal 
lumen to the lymphatics and the blood, but in the reverse direction from the blood stream 
to the intestinal lumen. 


TABLE 67 



Average No. 


Solution injected with Bacteria. 

of Bacteria 
in Lymph 

Time of Appearance after Injections 


per ml. 


Alkaline solution and egg white . 

500 to 1,000 

First 5 mins, and lasting for 30 mins. 

Neutral solution and egg white . 

None 

— 

Alkaline solution ....... 

None 

— 

Neutral solution 

None 

— 

Alkaline solution and bile 

50 to 100 

First 5 mins, and lasting for 20 mms. 

Neutral solution and bile .... 

3 to 5 

During first 30 mins. 

Alkaline solution and dog’s serum , 

None 

1 

Neutral solution and dog’s serum . 

None 

— 


The Nose, Nasopharynx and Respiratory Tract. — The nasal cavities are in part 
protected from air-borne bacteria by the anatomy of the anterior nares. The 
greater part of the inhaled bacteria appear to be arrested at or near the nasal 
orifices (see Thomson and Hewlett 1896). Those that pass beyond this point 
adhere to the film of mucus that covers the nasal mucosa, and are then swept 
back — ^in this case by the current set up by the ciliated epithelium — ^towards the 
naso- and oro-pharnyx, where they join the bacteria being swept back by suction 
currents from the mouth (see Bloomfield 1919, 1922(Z). Droplets and droplet 
nuclei produced by spraying a culture of Clir. prodigiosum into air, in numbers 
up to 700 per litre, were found by Rooks (1939) to be filtered out in the nasal 
passages with an efficiency of 87*5 per cent. The efficiency was less — 62-0 per cent. 
— when air containing only droplet nuclei was tested. 

Whether mechanical clearance is the only factor concerned is again uncertain. 
Arnold, Ostrom and Singer (1928) introduced Ghromobacterium prodigiosum and Bad. coli. 
by spraying, into the nose of men, rabbits, dogs and guinea-pigs, and noted their rapid 
disappearance. They state that swabs taken from the posterior pharyngeal wall gave no 
indication that there was any extensive passage of the bacteria to the throat ; but they 
were unable to detect in nasal washings or secretions any substance that was bactericidal 
to the test organisms employed. It may be noted that the rate of disappearance recorded 
by Arnold and his colleagues — a diminution in numbers during the first 5 minutes, and total 
disappearance within half an hour — was more rapid than that recorded by Bloomfield — 
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little change in 2 hours but almost complete disappearance in 2I-. Thk slowta- i-ate of 
elimination was also noted by Bloomfield in the ease of part.ick's of kiesiOgtibr pticed on 
the nasal septum. The route followed by substances introduced into t.lu' nose to some 
extent depends on the animal tested, the nature of the sul)st,a,ne(' and ilu* nudliod of 
its administration. Rake (1937), for example, records a rea, dy inl-ertu'llular peneiiratton 
of the olfactory mucosa of mice by pneumococci, Salm. cnfenhdis. ])artiek\s of, Prussian 
blue and the virus of equine encophalomyehtis, but only slow pcau'ii’ation by rabu's and 
certain other viruses ; while in rabbits, virulent pneumococci ixmetraie the nasal mucosa 
only if the containing fluids are kept in prolonged contact with it (Cfannoii and Walsh 
1937). 

Lysozyme is known to be present in high concentration in tbc nasal secavlions, and it is 
probable that it plays a part in freeing the nasal cavities from those specitss of bacteria 
against which it is active. A substance resembling Dold’s Inhibino in baeterieidal {)o\ver 
has been described in the nasal secretion of normal persons (Ignatius i93b). Ibirnot, 
Lush and Jackson (1939) found a beat-labile, possibly enzymic, substaiuu' in nasal secretion 
that inactivated certain viruses, notably those of influenza, her{>c\s and poliomyditis. 
Vaccinia virus was insusceptible to its action. 

Whatever may be the nature of the complex of mechanisms involved there 
is every reason to suppose that the same result is attained in the nose as in the 
mouth. The majority of bacteria that enter at the external nares are rennoved 
or destroyed, and fail to obtain any but tlie most transient footing among the 
normal nasal flora ; those that survive and multiply do so because they arc in 
some way adapted for successful colonization, and once such colonization has 
occurred they may persist for an indefinite period of time. 

The conditions in the nasopharyi^x have been sufficiently dealt with in consider- 
ing the elimination of bacteria from the mouth. 

It would appear (Calamida and Bartarelli 1902) that the accessory nasal sinuses 
are normally sterile. 

There is little doubt that in health the trachea and bronchi contain few if any 
living bacteria (see Thomson and Hewlett 1896, Bloomfield 1922d) ; and it is 
probable that the main protective mechanism consists in the filtering action of the 
nasal passages combined with the adherence of bacteria which pass the ])osterior 
nares, or are drawn in via the mouth, to the pharyngeal or upper laryngeal mucosa. 
It is, however, quite certain, from the ordinary experience of the post-mortem room, 
that dust particles, and hence presumably bacteria, reach the lungs in numbers that, 
if minimal in any short period of time, attain a considerable total in the course of 
months or years. 

Under certain conditions, mainly experimental (see Neniiinger 1901, Paul 1902, 
Quesnil 1902, Wherry and Butterfield 1920, Bloomfield 1922tZ, Trillat 1923, Still- 
man and Branch 1926), bacteria inspired as dust or droplet nuclei may reach the 
peripheral alveoli of the lung in relatively large numbers. Jones (1922) records 
that the lungs of normal herbivorous laboratory animals contain bacilli derived 
from the dust present in their dry food-stuffs. It appears, however, that those 
which penetrate so deeply never form more than a small fraction of the total 
number inspired. Cralley (1942) has shown that when droplet nuclei made from 
cultures of Chromohacterium prodigiosum are inhaled by the rabbit more than 
96 per cent, are retained in the upper respiratory tract. Of the bacteria contained 
in those nuclei that reach the lung alveoli, 90 per cent, disappear in 3 hours, and 
none can he found after 12 hours. Once past the vocal cords, the inspired organisms 
are probably dealt with in three ways. They may adhere to mucus and be expcc- 
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torated ; tliey may be driven upwards by the ciliated epithelium (Florey, Carleton 
and Wells 1932, Barclay and Franklin 1937) which extends as far down as the 
smaller bronchioles ; or they may reach the alveoli, and be ingested by phagocytic 
cells, and removed via the lymphatic plexus to the regional lymph nodes. It 
is probable that ingestion by the alveolar macrophages is in some cases followed 
by intracellular digestion of the bacteria in situ. There is little evidence of an 
immediate bactericidal mechanism in the lungs, though Bold (1943) found that 
cultures of B. anthracis and Chr. jprodigiosum were rapidly killed when applied 
to the inner surface of the partly excised trachea of the guinea-pig. From the 
fact that autoclaving of the tissue destroyed its bactericidal power, he inferred 
the presence of an inhibine ” similar to that reported in saliva. 

Fluid that contains bacteria, once it is past the epiglottis, flows readily to the 
terminal parts of the lung, the distribution depending to some extent upon the 
posture of the animal. Infection of the lung is more easily achieved by instilla- 
tion of fluid than by inspiration of bacterial dusts or mists (see Webster and Clow 
1933, Cannon and Walsh 1937). 

The Conjunctivseo — It is convenient to consider the conjunctive in connection 
with the upper respiratory tract. The mechanical flushing action of the tears is 
an obvious phenomenon, and there is little doubt that the main route of removal 
is via the lachrymal duct. 

Maxcy (1919) was able to recover CJiromobacterium 'prodigiosum from the nose within 
5 minutes after its introduction into the conjunctival sac. Stort (1891) failed to recover 
Bact. coU from the rabbit’s conjunctiva 1 hour after its implantation ; but found that it 
persisted for a much longer time if the lachrymal duct were previously tied. 

Tears have the highest lysozyme content of any secretion yet examined. At 
a dilution of 1 : 40,000 they may cause complete lysis of a suspension of Micrococcus 
lysodeikticus. There can be little doubt that this agent snfhces to rid the con- 
junctiva of many of the organisms that come in contact with it, and that it plays 
a part in the local defence of this region against certain pathogenic bacteria (see 
Ridley 1928). 

The Genital Tract. — It is probable, though there is no definite evidence on 
the point, that the external genitals, so far as they are covered with a complete 
dermal layer, share the bactericidal action of the skin elsewhere. There are prob- 
ably additional selective factors — ^favourable or inhibitory for particular bacterial 
species — resulting from locahzed glandular secretions, or from differences in the 
amount of moisture in the skin. 

The urethra in the male and female is normally sterile, or contains in the neigh- 
bourhood of the meatus a few staphylococci and diphtheroid bacilli. The 
mechanical flushing action of the urine, combined perhaps with its slightly acid 
reaction (pH 6*0), is probably an important factor. Bold and Beck (1941) have 
described a heat-stable type of inhibine in fresh urine, active against a wide variety 
of pathogenic species. 

The vagina has a highly characteristic flora, consisting largely of aciduric bacilh 
of the Boderlein type (see Kiister 1929, Schultheiss 1929). The normal vaginal 
secretion has a marked bactericidal action on many species of bacteria. Thus 
Menge (1894) found that Ps. Tyocyanea, staphylococci and streptococci introduced 
experimentally into the vagina could not be recovered after 21 to 26 hours (see 
also p. 1210). 

P.B. 


M M 
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Bacterial substances Have been described in cow’s milk, active against t‘occi 
and coliforni bacilli (see Hobbs 1939, Morris 1913, 1945, (.irrecMi and 1 <iaiii 1943). 
It is possible that in man such substances may contribute to the (IdiMua' of ilic 
lactating mammary gland against ceitain infections. 

The Efficiency of the Bactericidal or Inhibitory Mechanisms Operating on Body 
Surfaces* 

It is extremely difficult to assess the relative protective value of the factors 
that we have described above, as compared with the mechanisms that we shall 
discuss in subsequent chapters. It is obvious that tliey often fail ; but how 
frequently they succeed we cannot tell. 

That they are of real importance can easily be shown experimentally by noting 
the different doses of bacteria that are required to induce experimental infection 
by different routes. 

To take a single example from many available, the dose of Salm. hjphi-murinni that will, 
on the average, lead to a fatal infection when injected intraperitoneally into a mouse of 
18—22 gm. is somewhere between 1,000 and 1,000,000 times smaller than the dose that 
will lead to the same result when administered by the mouth. A series of observetl figures 
for groups of 85 mice per dose (intraperitoneal injection) and of 75 mice per dose {per os 
infection) are given in Table 68. 


TABLE 68 

Showing the Percentage Mortalities observed in GtRoups of Mice after the Auministra- 
TiON OF Various Boses op a Virulent Strain of Salm. typM-muriam intraferitone- 
ALLY OR per os. 


1 Number of Bacilli administered. 

Mortality per cent. 

Intraperitoneal. 

Fer os . 

1,000,000,000 

Not tested 

48*75 

10,000,000 

98-8 

28*26 

100,000 

84-7 

22*50 

1,000 

65*9 

15*00 

10 

28*2 

Not tested 


SUMMARY 

There are a series of mechanisms, concerning the exact nature of which we 
as yet know relatively little, that tend toward the mechanical removal or local 
destruction of most of those bacteria that reach the various body surfaces from 
the outside world. These mechanisms vary in nature from one locality to another ; 
each body surface — the skin, the conjunctivae, the mucous membranes of the nose, 
mouth, pharynx, intestinal tract, genital tract and so on — tends to develop and 
maintain its own characteristic bacterial flora, the flora of any one locality differing 
both qualitatively and quantitatively from that of another, and the flora of a 
particular locality (say the nasopharynx) showing minor but significant differences 
as we pass from one person to another, or study a single person over a prolonged 
period of time. 
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The resistance thus afforded to colonization of bacterial immigrants is certainly 
an important factor in the body s first line of defence, but its effectiveness in relation 
to any particular natural infection, or under any specified set of conditions, cannot 
at present be estimated with any accuracy. We know only that this barrier is, 
in fact,^ often penetrated, and that the fate of the host then depends on the 
mechanisms of antibacterial or antitoxic immunity that wc shall consider in sub- 
sequent chapters. 
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CHAPTER 46 

THE MECHANISMS OF ANTITOXIC IMMUNITY 


For our immediate purpose tliis type of immunity may be dealt with, very briefly. 

Apart from certain cases of natural insusceptibility, such as the insusceptibility 
of birds and of cold-blooded animals to tetanus toxin (Vaillard 1892), immunity 
to bacterial exotoxins depends on the presence in the circulating blood of antitoxins 
which exert a specific neutralizing action. These antitoxins may have been 
naturally acquired, as the result of past infections, overt or latent ; or they may have 
been produced in response to purposeful immunization with modified or unmodified 
toxin. They can be passively transferred from one animal to another — naturally 
from mother to offspring via the placental vessels or in the colostrum, artificially 
by injecting an antitoxic serum into a susceptible host. 

The original observations on this type of immunity were made by von Behring 
and Kitasato (1890), who showed that the sera of animals that had received repeated 
injections of non-lethal doses of tetanus toxin or of diphtheria toxin had acquired 
the property of specifically neutralizing these toxins and thus preventing their 
poisonous effects. 

Since that time a number of antitoxic sera have been prepared, and applied in 
prophylaxis or treatment. We are here concerned only with anti-exo toxins — in the 
sense in which these were defined in Chapter 44. Among these we should include 
— in addition to diphtheria and tetanus antitoxins — the antitoxins that neutralize 
the erythrogenic toxin produced by the hsemolytic streptococcus and the toxins of 
the StajihylococGus aureus, of Shiga’s dysentery bacillus, and of a variety of patho- 
genic anaerobes, such as Cl. welcMi, Cl. septicum, Cl. cedematiens and the lamb- 
dysentery bacillus. The antitoxin which neutralizes the toxin of Cl. hotulinum is, 
of course, a typical anti-exotoxin ; but, as we have explained above, it is doubtful 
whether Cl. hotulinum should be included among the pathogenic bacteria in the 
ordinary sense, since there is little evidence that it is capable of giving rise to 
infection in vivo. 

A characteristic of antitoxic immunity is the relatively low concentration of 
antitoxin in the circulating blood which suffices to afford protection against natural 
infection, provided that it has been produced as the result of active immunization. 
In the particular case of diphtheria in man, we have good reasons for believing 
that less than 0-01 unit of antitoxin per ml. of blood serum will render a person 
immune to the natural disease (see Glenny 1925). Under such conditions the 
initial toxin produced is neutralized as it passes from the site of infection before it 
reaches the susceptible cells. But it is clear that this small amount of circulating 
antitoxin will not suffice for long, and that more will be needed to neutralize addi- 
tional toxin as and when it is produced. An actively immune person or animal 
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differs from a non-immune not only in possessing circulating antitoxin but in 
tbe readiness and rapidity witk whicli more antitoxin is produced in response to the 
stimulus provided by the access of toxin to the tissues (see Chapter 50). The 
equilibrium between the rate of toxin-production by the bacterium and the rate 
of antitoxin-production by the host is, in the immune animal, readjiisied to the 
host’s advantage. A degree of antitoxic immunity that afforded ample protec- 
tion against infection with a toxigenic organism could of course be broken down 
by the inoculation, in a single dose, of an overwhelming amount of toxin. 

Although the efficacy of antitoxic immunity is, in the main, determined by 
quantitative relationships of this kind, there can be little doubt that qualitative 
differences between one antitoxin and another affect the firmness of toxin-antitoxin 
union, and so the degree of protection afforded. 

It was pointed out many years ago that the curative effect of auti(lq)htlLeria sera, as 
judged by experiments on laboratory animals, did not always rim parallel to the antitoxin 
content as assessed by the ordinary technique (see, for instance, Kraus and Schwoiicr 1908, 
Kraus and Baecher 1913). Kraus and his colleagues suggested tha,t one important quality 
of an antitoxic serum, not measured or expressed in the official standardization in terms of 
Antitoxin Units, was the character that determined the rate of neutralization, and for this 
character they proposed the name avidity. The conception of avidity has been considerably 
modified, and rendered far more precise, by later observations recorded by Madsen and 
Schmidt and by Glenny and his colleagues. 

Madsen and Schmidt ( 1929) found that, with some antitoxic sera, toxin-antitoxin mix- 
tures that were neutral as judged by subcutaneous injection in the guinea-pig might produce 
a fatal toxaemia when injected intravenously into rabbits. Glenny and his colleagues (see 
Glenny and Barr 1932a, h, Glenny et al. 1932) note that, with sera of this kind, it is possible 
to prepare mixtures such that rabbits will survive the intravenous injection of 10 ml. but 
not of amounts varying from 0*001 ml. to 0*5 ml. The greater dilution of the small inocula 
in the rabbit’s circulating blood apparently results in the dissociation of a lethal dose of 
toxin. Glenny and his colleagues have devised a method for estimating the avidity of 
antitoxic serum in terms of a dilution-ratio , which they define as the ratio of the amount 
of antitoxin necessary to form a neutral mixture with one Lr dose of toxin in a total volume 
of 2 ml., to the amount necessary to form a neutral mixture with the same amount of toxin 
in a total volume of 200 ml., neutrality being determined in each case by the injection of 
0*2 ml. of the mixture into the skin of a guinea-pig. Although Glenny and Barr, in agree- 
ment with Madsen and Schmidt, note that avid sera commonly give rapid flocculation when 
examined by Eamon’s method, they regard firmness of union, rather than rapidity of 
reaction, as the essential character in avidity. They note that the avidity of antitoxic sera 
appears to be determined, at least in part, by the type of serum protein with which the 
antitoxin is associated. Thus (Barr and Glenny 1931a, 6, Glenny and Barr 1932a, Glenny 
et al. 1932), if successive globulin fractions are precipitated with increasing amounts of 
ammonium sulphate, the earlier fractions are more avid than the later. Avidity is some- 
times a property of a particular electrophoretic fraction of an antiserum (see Chapter 7) . 
According to Kekwick and his colleagues (1941) the y-globulin of diphtheria antitoxic 
serum is more avid, flocculates more rapidly in vitro, and has a greater combining power 
than the a-globulin (see also MeSweeney 1941). These phenomena are by no means con- 
fined to the particular case of diphtheria toxin and antitoxin. It would sc‘em indeed that 
non-avid sera are more frequently met with among antitoxic sera of other types (Glenny 
et al. 1932). (See also Chapters 47 and 55 for analogous observations in th(‘ case of anti- 
bacterial and antiviral sera.) 

The increased resistance afforded by specific antitoxic immunity is deterniined 
almost entirely by the interception and neutralization of the toxin before it reaches 
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the susceptible cells. Once these have been attacked, the antitoxin is relatively 
ineffective. 

Gleniiy and Hopkins (1925) have studied the effect of the adniinistratioii of various 
doses of antitoxin at different times after the intradermal injection of a Schick dose of 
diphtheria toxin into a guinea-pig. This amount of toxin produces a characteristic local 
reaction at the site of inoculation ; 0*001 unit of antitoxin is sufficient to prevent this 
reaction if the toxin and anti toxin are mixed together before inoculation. If, however, 
the toxin is injected before the antitoxin, neither 10 units of antitoxin injected intravenously 
15 minutes later, nor 1,000 units injected intravenotisly 30 minutes later, are sufficient 
to prevent the appearance of a small reaction at the site of the injection of the toxin. 
The size of the reaction is, however, very greatly reduced as compared with that which 
occurs when no antitoxin is given. If 10 units of antitoxin are administered intravenously 
30 minutes after the intradermal injection of the toxin, or 1,000 units intravenously after 
P| hours, or intramuscularly after 45 minutes, the size of the lesion is reduced to about half 
its usual diameter. A slight reduction in the size of the reaction is obtained if 1,000 units 
are injected intravenously after 2-|- hours, or intramuscularly after If hours;, but the 
subcutaneous injection of this amount of antitoxin 15 minutes after the intradermal 
inoculation of toxin leads to no reduction in the size of the reaction. We may note the 
relatively enormous dose of antitoxin that is required to neutralize the effect of the toxin 
under the conditions of this experiment ; 1,000 units of antitoxin are equivalent to 1,000,000 
times the dose of toxin injected into the skin, yet this amount administered intravenously 
30 minutes after the intraderinal injection fails to suppress completely the local toxic effect. 
Friedemann and Zuger (1939) record analogous results in rabbits (see p. 1060). 

From a consideration of the amounts of intravenous antitoxin required to protect 
dogs from locally injected tetanus toxin, Abel and Ghalian (1938) concluded that the 
protective dose increased exponentially with increasing interval between injection of 
toxin and antitoxin. Similar conclusions were reached by Miles and Miles (1943), who 
found that mice receiving an intramuscular dose of Gl. welcMi toxin that would kill them 
in 6-8 hours could be protected by an intravenous dose of 0*1 unit of antitoxin after 1 hour ; 
after 4 hours an intravenous dose of 40 units was ineffective. Stockhusen (1936), however, 
records that diphtheria toxin adsorbed to washed guinea-pig organs can to some extent 
be dissociated from the cells by a dilute solution of antitoxin, indicating that there are 
various degrees of firmness in the fixation of toxin to tissues (see also Chapter 77). 

The explanation of the disproportionately large doses of antitoxin required 
for the neutralization of established intoxications does not lie wholly in the adsorp- 
tion of toxin on to susceptible tissues in such a way that antitoxin cannot neutralize 
it. We shall discuss in Chapter 47 the influence of the anatomical and physio- 
logical peculiarities of the site of infection on this phenomenon. 

A purely antitoxic immunity affords adequate protection against such a disease 
as diphtheria, in which the tissue invasion is minimal and the ill effects are due 
almost entirely to the toxemia. Does it afford effective protection against those 
bacteria that are invasive as well as toxigenic 1 We should expect that it would 
protect only against that part of the total pathological effect that is due to the 
action of the toxin itself. If the toxin plays any important part in the invasive 
process, the antitoxin might to that extent'lessen the extent of infection. But we 
should expect modification of the infection rather than complete immunity. The 
available evidence is in accord with our expectations. 

The presence of circulatiug antitoxin, active against the rash-producing toxin of the 
hsemolytic streptococcus, affords protection against clinical scarlet fever, that is, against 
the obvious effects of the toxin itself ; but it does not appear to protect against the local 
lesion in the throat— the acute tonsillitis (Okell 1932). Again, it would seem (Burt- White, 
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Colebrook and others 1930, Baird and Cruickshank 1930, Stent 1930) that the presence of 
circulating antitoxin, as revealed by a negative Dick test in pregnant women during the 
later stages of gestation (see p. 1481) affords little if any protection against a severe orfatal 
infection with heemolytic streptococci during the puerperium. These clinical findings are 
borne out by the results of experiment. Thus, Parish and Okell ( 1927) found that a potent 
antitoxic serum, which would protect rabbits against acute toxaBinic death following the 
intravenous injection of large doses of living cultures of hsomolytic streptococci, did not 
prevent a fatal infection, leading to death after a week or more, associated with multiple 
foci of infection. Nevertheless, as reference to Chapter 66 will show, in patients with 
scarlet fever, antitoxic sera sometimes appear to influence the course, not only of the 
toxaemia, but of complications directly referable to the bacterial invasion by the Str. 
pyogenes. 

Closely analogous results have been obtained in experimental staphylococcal infections 
in the rabbit (Burnet 1929, Burnet and Kellaway 1930, Kellaway, Burnet and Williams 
1930). The potent staphylococcal toxin is neutralized, in multiple proportions, by the 
specific antitoxin ; and a rabbit can be actively or passively immunized against the 
poisonous effect of a toxin- containing filtrate. But such immunized animals are still 
susceptible to the injection of living staphylococci and succumb to a pyaimic infection, 
though they survive rather longer than non-immuiiized controls. Later studies, however, 
indicate clearly that in rabbits antitoxin protects, though not completely, against bacterial 
invasion. Bamon and his colleagues (1936) found that intravenous virulent Staph, aureus 
did not kill i*abbits with a high level of antitoxin in the serum, whereas rabbits with a 
low level succumbed. Kitching and FarreU (1936) observed that immunization with 
toxoid protected rabbits against infection, but that immunization with bacterial bodies, 
though it produced abundant agglutinins, was ineffective. Both Forssman (1936) and 
Smith (1937) demonstrated that active immunization with staphylococcal products was 
effective with those antigens that induced the formation of antitoxic antibodies. Downie 
(1937) studied active and passive immunization against living staphylococci and staphy- 
lococcal toxin, intradermally administered, and concluded that as far as rabbits were 
concerned, antitoxic antibodies were more beneficial than antibacterial in immunity to 
the bacterial infection (see also Mercier 1937, Delaunay 1938). 

To speak generally, it is clear that antitoxin, by removing the burden of progressive 
intoxication from the tissues of the animal, may permit them to exert their antibacterial 
action with greater efficiency. Thus Ritossa (1937) found that human leucocytes readily 
ingested virulent diphtheria bacilli, but that many of them subsequently degenerated. 
The degeneration could be prevented, and phagocytosis improved, if antitoxin was added 
to the bacilli before phagocytosis. Stewart (1943) observed a similar phenomenon in 
guinea-pigs injected intraperitoneally with virulent Gl. welchii. In animals actively or 
passively immunized with antitoxin, there was marked intraperitoneal phagocytosis ; 
in non-immune animals, there was little phagocytosis, though leucocytes were abundant, 
and the animals died of the infection. 

Thus, we may say that antitoxic immunity is Mghly effective so far as it goes 
— much more effective, within its own sphere, than the specific antibacterial im- 
munity discussed in the next chapter ; for it is direct in its action, does not depend 
on the efficient functioning of a complex system of phagocytic cells, and is complete 
and final in its effect on the noxious agent. If the invasive power of an infecting 
toxigenic organism is so low that the normal antibacterial defence mechanism can 
be relied on to suppress it, or to bold it in check, an added antitoxic immunity 
will afford almost complete protection against the corresponding disease. 

It will be observed that the characteristic mechanisms of antitoxic immunity, 
as here defined, are brought into play only against those toxins that diffuse freely 
from a locus of infection. Reactions between endotoxins and the corresponding 
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antibodies undoubtedly play a part, perliaps a large part, in infection and resistance : 
but only in a few instances is it possible to differentiate clearly between anti- 
endotoxic and antibacterial immunity. It has, for instance, been noted in Chapter 
44 that some endotoxins are identical with the surface somatic antigens that 
determine the immunological reactions of the intact bacterial cells. 

This chapter is itself a summary. 
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CHAPTER 47 


THE MECHANISMS CONCERNED IN SPECIFIC ANTIBACTERIAL 

IMMUNITY 

The only sound basis for a discussion of this subject would be to treat it as a problem 
in comparative pathology, describing in turn the reaction to infection of unicellular 
organisms, of simple multicellular animals, of the invertebrates, and of the verte- 
brates, culminating in the mammals and man. It happens that, owing to the 
classical studies of Metchnikoff, our earlier knowledge of the cellular reactions 
involved in immunity was developed largely along these lines ; and any serious 
student of the subject should make himself familiar with the work of Metchnikoff 
and his school (Metchnikoff 1901). For a review of Immunity in Invertebrates, 
see Huff (1940). For our present purpose, however, it will suffice to note that 
the mechanisms that are described in this chapter are clearly traceable, in their 
gradually increasing complexity, differentiation and modiffcation, from the simplest 
to the most highly organized of animal hosts. In the pages immediately following 
we shall be concerned almost entirely with happenings in the small mammals of 
the laboratory ; and it will be convenient to deal first with the reactions of normal 
animals, and then to consider how these reactions are modified by active or passive 
immunization. 

The Reactions which follow the Intravenous Injection of Dyes or Suspensions of 
Inert Particles into Normal Animals. 

The simplest introduction to a discussion of the mechanisms concerned in anti- 
bacterial immunity is a brief description of the way in which the living tissues 
deal with certain dyes and suspensions. 

In pre-bacteriological days Hoffmann and von Recklinghausen ( 1867) and Ponfick ( 1869) 
noted that particles of carmine and vermilion, when injected intravenously into animals, 
were not efiminated in the urine or the bile, but were deposited in various organs such as 
the spleen, liver, lymph nodes and bone-marrow, where they remained recognizable for 
weeks. More recently, particularly within the last two decades, extensive and detailed 
studies have been carried out on the effects of intra vital staining with a variety of dyes such 
as trypan blue, vital red, pyrrhol blue (isamine blue), diaminefast scarlet and benzopurpurin, 
or with suspensions of finely divided carbon (Indian ink) or colloidal ferric oxide (saccharated 
oxide of iron). An account of an investigation along these lines and a good review of the 
literature will be found in a series of papers by Cappell (1929, 1930). 

Briefly, these studies have shown that the various dyes are stored, in the form 
of granules or in intracellular vacuoles, by certain cells that have a characteristic 
distribution throughout the body. The histologist calls these cells histiocytes, the 
immunologist knows them best by Metchnikoff ’s name, macrophages. The most 
active may he divided into two main types, the sessile and the wandering. The 
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nost active of tke sessile histiocytes are those found in certain specialized areas 
)f the vascular or lymphatic endothelium — the endothelium of the liver capillaries 
Kupffer cells), of the spleen sinuses, of the venous sinusoids of the bone-marrow, 
rf the capillaries and medullary sinusoids of the adrenals, of the capillaries of the 
pituitary gland, and of the sinuses of the lymph glands throughout the body'. 
Somewhat less active in this respect are the reticulocytes, which do not form* a 
lining to blood or lymphatic channels, but are disposed about the reticulum fibres 
in the interstices of the tissues. The wandering histiocytes are found throughout 
the tissue spaces, and some of them find their way into the circulating blood, 
particularly into the vessels of the internal organs. 

The common character of dye-storage possessed by cells of this type has led 
many observers, and particularly Aschoff (1924), to regard them as an integrated 
system of cells fulfilling a particular bodily function. Aschoff has coined for them 
the generic term of reticulo-endotJielial system (E.-E. system, for short). This system, 
as described by him, is summarized in schematic form as follows. 


Reticulo-Endothelial System 
(R.-E. System). 


Sessile histiocytes Wandering histiocytes 

(sessile macrophages) (wandering macrophages) 


Very active. 

Endothelium of : 
Liver capillaries 
(Kupffer cells), 
Spleen sinuses. 
Lymph sinuses, 
Marrow sinuses. 
Adrenal capillaries, 
Pituitary capillaries. 


Less active. 

Reticular cells of : 
Spleen, 

Lymphatic glands 
and tissues, 
Thymus, 


Tissue histiocytes 
(tissue macrophages). 


Blood histiocytes 
(blood macrophages). 


The schema classifies the various cells belonging to the system, and does not 
necessarily represent a genealogy of the cells found in the animal body. The 
phylogenetic interrelations of the various types of phagocytic cell in the mammalian 
body is still in a controversial stage. For our purpose the R.-B. system is a func- 
tional unit consisting of cells derived from the mesenchyme, having in common 
a phagocytic activity (see, for example, Doan 1940) ; and we are particularly 
concerned with the more active phagocytic cells, and the sessile histiocytes of 
the lymph glands, liver, spleen and bone-marrow, and the wandering histiocytes 
in general. 

As CappeU emphasizes, there is no gradual transition from the less specialized endo- 
thelium to that in which the sessile histiocytes are found. The endothelium of the lymph 
sinuses abruptly assumes a pronounced vital-staining capacity, in marked contrast to 
that of the endothelium of the afferent and efferent lymphatics ; while the ‘'same contrast 
exists between the endothelium of the spleen sinuses, liver capillaries, etc., and the vascular 
endothelium in general. There is probably some degree of functional differentiation 
between different parts of the reticulo-endothelial system. Some histiocyte depots may 
be more active in removing effete blood corpuscles or leucocytes, others in removing 
bacteria or smaller particles. There is also a difference between one animal species and 
another in the relative activity of the various depots of sessile histiocytes. Thus the 
bone-marrow of the mouse is far less active than the bone-marrow of the rabbit (CappeU 
1930). In birds, the mass of the reticulo-endothelial system is concentrated in the liver. 
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The histiocytes are not, however, the only phagocytic cells with which we are 
soncerned. The polymorphonuclear leucocytes of the blood, although they do 
not take up vital stains in the same way as the cells of the reticulo-enclothelial 
system, play an active part in removing particulate material from i-he circulation 
under certain specialized conditions. 

The intervention of these ceils is, for instance, brought about by the injection, 
directly into the blood stream, of an Indian ink suspension or of some similar 
material. Following such an inoculation, the polymorphonuclear cells accumulate 
in certain areas — most abundantly in the pulmonary capillaries, to a less extent 
in the veins and sinusoids of the liver, spleen and other viscera. The abundance of 
polymorphonuclear cells in the lungs, which may be associated with a definite 
leucopenia in the peripheral circulation, is so characteristic a feature of the reaction 
as to make it quite clear that some mechanism is at work which temporarily retains 
the circulating leucocytes in this particular situation. While in the lungs the 
polymorphonuclear cells take up a certain number of the injected carbon particles ; 
but the degree of phagocytosis is relatively slight, and in marked contrast to the 
active engorgement of particles by the histiocytes of the reticulo-endothelial system 
(Dudgeon and G-oadby 1931). In the course of a few hours the majority of the 
polymorphonuclear cells leave the lung capillaries. Some of them pass into 
the alveolar spaces, some along the lymphatics to the regional lymph glands ; but 
the great majority appear to make their way back into the general circulation and 
so pass to the spleen sinuses, where they appear to be taken up by macrophages. 

There is still another mechanism at work in freeing the general circulation from injected 
foreign particles, in which no cellular elements are primarily concerned. Many suspensions, 
including carmine and Indian ink, are unstable when introduced into the blood stream. 
The dispersed particles are rapidly agglutinated into larger masses, and these appear to 
be filtered off from the circulating blood, during its passage through the finer capillaries. 
These aggregates are themselves phagocytosed at later stages. It has been noted that 
the aggregates of carbon particles contain large numbers of blood-platelets (Dehez and 
Govaerts 1918), and their formation is associated with a definite peripheral thrombopenia 
(Dudgeon and Goadby 1931). Whether the platelets play any active part in the process 
of flocculation is, however, very doubtful. The phenomenon of aggregation — certainly 
in the case of bacteria and presumably in that of any particulate material — appears to 
be unaffected after the ehmiuation of platelets by the injection of an antiplatclct serum 
(Govaerts 1921a, b. Bull and McKee 1922). 

Confining ourselves for the moment to the particular case of the direct introduc- 
tion of particulate matter into the blood stream, we may inquire in what ways our 
description needs modification or extension when our injected particles are living 
bacterial cells. 

The Reactions which follow the Intravenous Injection of Bacteria into Normal 
Animals. 

There is ho doubt at all that the mechanism brought into play in clearing the 
blood stream from bacterial cells is in the main identical with that which frees it 
from inert particles of the same order of size (Wyssokowitch 1886, Werigo 1894, 
Opitz 1898, Bardach 1889, Metin 1900, Bail 1905, Bull 1914--16, Kyes 1916, Bartlett 
and Ozaki 1917, 1918, Wright 1927 and many others). The reticulo-endothelial 
cells, particularly those of the liver, spleen and bone-marrow, actively phagocytose 
the injected bacteria. The mechanism of aggregation, followed by the removal 
of the bacterial aggregates from the general circulation by their retention in the 
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lung capillaries, is sometimes very prominent (Bull 1914-16, Bartlett and Ozaki 
1917, 1918, Wriglit 1927, Dudgeon and Goadby 1931). This is accompanied, as 
in the case of the intravenous injection of carbon particles, by an accumulation of 
polymorphonuclear cells in the lung capillaries, associated with a temporary peri- 
pheral ieucopenia (see Levaditi 1901, Andrewes 1910). But the polymorphonuclear 
cells appear to play a more active part in phagocytosing bacteria than in phago- 
cytosing carbon particles (Dudgeon and Goadby 1931). It is probable that these 
cells with their ingested bacteria are subsequently carried to the reticulo-endothelial 
depdts in the spleen, liver and elsewhere, and are there phagocytosed by the sessile 
histiocytes. Such wandering histiocytes as are present in the lung capillaries ingest 
the bacterial cells, or cell-aggregates, directly. 

So far then as we can regard bacteria merely as foreign particles, our description 
of the reaction of the tissues to the intravenous injection of vital stains or carbon 
particles needs little modification. But, in fact, the bacteria we inject are alive and 
capable of multiplication ; and it is the balance between their capacity to multiply 
and the capacity of the tissues to remove them that determines the fate of the 
animal host. 

Bull (1914-16) counted the viable bacteria in the systemic blood stream of dogs and 
rabbits at various intervals after the intravenous inoculation of a bacterial suspension. 
Using pneumococci and streptococci he found that there was at first a sharp and progressive 
fall in the number of organisms in the circulating blood, lasting until about the 5tb hour. 
After this there was in most cases a secondary rise, varying in degree and persistence with 
the virulence of the organism and the resistance of the host. With strains of low virulence 
the numbers then declined until the blood became sterile. Typhoid bacilli, injected directly 
into the blood stream, showed a similar rapid fall in numbers within a few minutes of 
inoculation. In one experiment they fell from 10,000,000 per ml. 1 minute after injection 
to 40 per ml. at the end of 15 minutes. 

Wright (1927) has carried out a very detailed series of experiments on experimental 
pneumococcal septicaemia in the rabbit, and the following illustrative examples are taken 
from his paper. 


TABLE 69 

Living Pneumococci per ml. op Circulating Blood at Stated Times after Inoculation 
OF Avirulent, Slightly Virulent, and Highly Virulent Pneumococci into Normal 
Rabbits. 


Time. 

Avimleiit. 

Slightly ViruleTit. 

Highly Vinilent. I 

Immediately 

8,900,000 

1,030,000 

1,070,000 

2 hours 

206 

20,800 

137,000 

5 „ 

2 

340 

25,000 

24 „ 

0 

1,300 

1,510,000 

48 „ 

— 

134 

Bead 

96 „ 

— 

0 



In Table 69 are set out the numbers of living pneumococci per ml. of circulating blood 
at varying intervals after the intravenous injection of (a) an avirulent, (&) a slightly virulent, 
and (c) a highly virulent strain. In Pig. 240 the same series of observations are set out in 
chart form, the logarithms of the numbers of pneumococci per ml. of circulating blood being 
plotted as ordinates against time as abscissse. The figures need no comment. With an 
avirulent strain the clearance of the organisms from the blood stream is rapid and per- 
manent. With a slightly virulent strain there is the same initial rapid clearance, so that 
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99-97 per cent, of the injected organisms have been removed from the blood stream by the 
end of the 5th hour. There is then a period during which the ca])acit-y of this strain of 
pneumococcus to multiply in the tissues — limited though it is — makes itself felt,, and the 
number of viable organisms rises from 340 per ml. at the 5th hour to per ml. at the 

24th hour. But the clearing mechanism is now removing the newly gemnated baciterial 
cells at a greater rate than this particular strain can produce them. Tlie number of 
organisms per ml. sinks to 134 at the 48th hour, and the blood is sterile by the 9(ith. The 



Idgkly virulent strain is not proof against the initial action of the clearing mechanism. 
By the 5th hour 97*7 per cent, of the injected pneumococci have been removed from the 
blood stream. But when the parasite’s capacity for multiplication is brought fully into play 
it overwhelms the defence mechanism of the host. By the 24th hour the number of pneumo- 
cocci per ml. of circulating blood has risen to 1,510,000 ; and between the 24th and 48th 
hours the rabbit dies from acute pneumococcal septicsemia. 

It is probable (Wright 1927) that the initial rapid clearing which follows the intra- 
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venous injection of a large dose of virulent pneumococci is tlie result of tiie lag phase in 
bacterial growth {see Chapter 4). Wright has shown that this initial clearance of 
virulent pneumococci can be almost eliminated by injecting a culture that is still in the 

logarithmic phase. 

In the argument from analogjj which plays so large a part in the construc- 
tion of our concepts of infection and resistance, we must be very careful to allow 
for the effects of our experimental technique. The reactions which we have 
described above are those that follow the sudden introduction into the blood 
stream of a relatively enormous number of bacteria— a number of the order of 
1,000,000,000. Such an occurrence must be of extreme rarity in natural infection, 
and it is possible that some part of the mechanism we have described — for instance, 
the aggregation of bacterial ceUs and the retention of the aggregates in the lung 
capillaries — may have been over-emphasized by the particular experimental pro- 
cedure that we have chosen to employ. In any case there seems little doubt that 
the most significant happenings are those that occur between the 5th and 24th 
hours after an intravenous inoculation, when the fate of the host is being deter- 
mined by the balance between bacterial multiplication, on the one hand, and the 
removal of the newly produced bacterial cells on the other. 

Even when the tide has for the moment turned decisively in favour of the 
host, it does not follow that there will he a complete sterilization of the tissues. 
Bacteria will have been caught up in the liver, spleen and elsewhere, and there 
some of them may remain alive, but relatively inactive, for considerable periods. 

Our knowledge of the exact method by which bacteria are hilled in the tissues 
is woefully incomplete. There is no doubt at all that the majority of the bacteria 
taken up by phagocytic cells are destroyed by intracellular digestion ; but the tacit 
assumption that a bacterium phagocytosed is, of necessity, a bacterium finally 
disposed of is certainly unwarranted. 

The Reactions that follow the Intraperitoneal Injection ol Bacteria or of Suspensions 
of Inert Particles into Normal Animals. 

The small quantity of fluid present in the normal peritoneal cavity, or other 
serous sac, contains very few cells, and these consist almost entirely of mononuclears, 
mainly of the lymphocyte type (Dudgeon and Ross 1906, Cappell 1930, and many 
others). 

Durham (1897), in his classical paper on the reaction to intraperitoneal infection, 
described the course of events that follows the injection of bacterial and other 
suspensions into the peritoneum of the guinea-pig. As regards the changes in the 
cellular contents of the exudate, there is a preliminary period lasting for about 
1 hour or less during which no increase in ceils can be detected. The cellular 
reaction, when it occurs, differs widely in degree and in character according to 
the kind of inoculum employed. With injections of dead bacteria, or of living 
strains of low virulence, there is a rapid emigration into the peritoneal cavity of 
polymorphonuclear leucocytes (or microphages ^ if we employ the terminology of 
Metchnikoff) which ingest the bacterial cells. These cells increase in number up 
to the 8th hour or later, and then slowly decline. As they decline, their place is 
taken by large mononuclear phagocytes {macrophages), which ingest those bacteria 
that still remain free in the fluid, together with many of the polymorphonuclear cells 
and the bacteria that they have already phagocytosed. Durham puts the duration 
of the whole period of peritoneal reaction, from the time of the first appearance 
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of the miorophages to the final disappearance of the macrophages and thf‘ return 
to normal, as 4 to 7 days. 

Although this microphage-niacrophage succession may be regarded as the modal reaction 
in the peritoneal exudate following the injection of a bacterial suspension, it requires 
considerable modification in the light of subsequent studies (Dudgeon and Ross 1906, 
Buxton and Torrey 1906a, &, c, d, Cappell 1930). The cellular content of the exudate during 
the earlier hours of the reaction is by no means confined to polymorphonuclear cells, and 
other cells present during this period may be actively phagocytic. Cappell ( 1030) believes 
that the appearance of typical macrophages during the later stages of the reaction is due 
not to the emigration of fully formed cells of this type from some neighbouring depot of 
histiocytes, such as the omentum, but to the gradual maturation of the small mononuclears 
that are present in the exudate from the earliest stages. These he regards as immature 
macrophages, and he believes them to be derived mainly from the small moiiomudear cells 
that are so plentiful in the tdehes laiteuses and adventitial sheaths of the omentum and 
mesenteries (see also p. 1044). 

These events in the fluid exudate form only a part, perhaps only a minor part, 
of the general peritoneal reaction. Certain specialized regions of the peritoneal 
membrane, and of the tissues which are subjacent to it, play a very important role. 
Among these specialized tissues the omentum is pre-eminent (Durham 1897, Buxton 
and Torrey 1906d, Dudgeon and Ross 1906). Just as particulate material injected 
into the circulation tends to be aggregated into masses that are caught up in the 
lung capillaries, so the particles or cells in a suspension injected into the peritoneum 
are aggregated into masses that are deposited on the omental surface ; and, just 
as the polymorphonuclear cells of the circulating blood tend to collect in the lung 
capillaries together with the aggregated particles, so such cells as are present in 
the peritoneal exudate tend to collect on the surface of the omentum. On this 
surface, and in the interstices of the underlying tissue, macrophages are normally 
present, especially in the milk-spots, or tdehes laiteuses ; and these cells play from 
the first an active part in the phagocytosis of the deposited particles or cells. Inges- 
tion completed, these cells migrate into the deeper omental tissues, changing in shape 
as they do so from the spheroidal or slightly irregular form of the macrophage of the 
body fluids or surfaces to enormously elongated trailing cells, which make their way 
through the interstices of the tissues. When such cells have phagocytosed large 
amounts of some indigestible material, such as carbon particles, they may be 
detected in the tissues for periods of weeks or months. The part played by poly- 
morphonuclear cells in the omental reaction appears to vary with different inocula. 
According to the observations of Buxton and Torrey, they are absent or very 
scanty during the first few hours or so, but they then begin to collect in increasing 
numbers and to play their part in the phagocytic reaction. 

These reactions at the surface of the omentum, and in its interstices, are rendered doubly 
effective as a clearing mechanism by the movements of the omentum as a whole following 
the injection of a suspension of particles or bacteria into the peritoneal cavity. Disposed 
at first as a more or less extended fold, hanging down among the intestinal coils, it is 
gradually gathered up into a closely folded band, extending across the peritoneum, and 
carrying with it, as in a retracted net, the particles caught on its surface layers. The 
mechanism of these movements has been studied by Florey and Carleton (1926). They 
find that the omentum is totally incapable of any intrinsic movement. The movements 
that it undergoes are impressed on it by (<x) posture, (6) the peristaltic movements of the 
intestines, and (c) the movements of the diaphragm. The retraction into a tightly gathered 
transverse band is due to the alteration in the character of the omental surface, and parti- 
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oularly to the deposition of fibrin, which causes the omental folds that are brought into 
apposition to adhere to one another, instead of extending again in response to the next 

passive movement. 

The reaction that follows an intraperitoneal injection is not, however, limited 
to the peritoneal cavity. Indeed, it spreads beyond it with surprising rapidity. 

Mnscatello ( 1895) injected carmine suspensions into the peritoneum, killed the inoculated 
animals after various intervals, and studied the distribution of the dye. Within 1-2 hours 
Ke found particles of carmine in the liver and spleen. Similar particles, in smaller numbers , 
were found in the lungs, pancreas and testis. Durham (1897) noted the rapid passage of 
bacteria from the peritoneal cavity to the blood stream, and concluded that the most 
important route of transit was via the diaphragmatic lymphatics, the anterior mediastinal 
glands and the right lymphatic duct. The importance of the diaphragmatic route was 
also noted by Dudgeon and Boss, and the correctness of Durham’s conclusions has been 
confirmed by many subsequent observers, notably in the careful studies of Buxton and his 
co-workers, and in the more recent studies of Bolton (1921). Buxton and Torrcy ( 1906&) 
found that, almost immediately after the intraperitoneal injection of an Indian-ink suspen- 
sion, there was a rush of carbon particles into and through the lymphatics of the diaphragm. 
Thence they passed rapidly through the anterior mediastinal lymphatics and the correspond- 
ing lymph glands, reaching the blood stream within a very few minutes. During the earliest 
stages of this transit there was very little evidence of phagocytosis in the mediastinal glands 
or elsewhere ; but, as time passed, an increasing number of carbon particles were found 
within the histiocytes of the lymph nodes. 

In other experiments (Buxton 1906, Buxton and Torrey 1906a) the fate of living 
typhoid bacilli, injected intraperitoneaUy into rabbits, was followed by quantitative plating 
methods. The living bacilli passed into the general circulation almost immediately ; and 
their numbers per ml. of circulating blood reached a maximum after about an hour. After 
this there was a rapid decrease, and few bacilli could be recovered from the blood after 
about the 6th hour. When suspensions of hver and spleen tissue were plated it was found 
that there was a rapid accumulation of baciUi in these organs, and particularly in the liver, 
within a few minutes after an intraperitoneal injection. There was then a transitory 
decrease in the numbers of viable organisms, followed by a secondary increase lasting from 
the 2nd to the 6th hour, i,e., the bacilli were increasing in the liver and the spleen while 
they were decreasing in the blood. After about the 6th hour there was a general decrease, 
lasting for several days, and more rapid in the liver than in the spleen. When animals 
were killed 4 days after injection viable bacilli were still recovered from the liver, though in 
small numbers ; larger numbers were recovered from the spleen, and very large numbers 
from the mediastinal glands. Many observations on laboratory animals have shown that 
living bacilli may be recovered from the spleen weeks or months after experimental infection 
(Topley and Wilson 1923, Brice- Jones 1927). 

It may be noted that the rapid transit of particles or bacteria from the peri- 
toneum to the blood stream is almost certainly the result of the mechanical pumping 
action of the rise and fall of the diaphragm in breathing. This is probably assisted 
by a special arrangement of the endothelial cells of the peritoneal membrane covering 
the diaphragm, which provides for a rapid passage of particles to the underlying 
lymphatics (Florey 1927). 

The Reactions that follow the Injection of Bacteria or Inert Particles into the 
tissues of a Normal Animal. 

By injecting bacteria into the blood stream or the peritoneal cavity, we axe 
in a sense by-passing a stage that must occur in the majority of natural infections. 
After penetrating the epithelial layer, whether it be of skin, respiratory, alimentary 
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or genital tract, the particulate infecting agent conies to lie in the intercellular 
spaces of subepithelial tissues, or, as we saw in Chapter 44, it may rapidly penetrate 
into a particular type of cell. The usual sequence of events, the induction of an 
inflammatory process by the toxins of the bacterium, the mobilization of micro- 
phages and macrophages, exudation and in some cases the formation of fibrin 
clots, may result in a localization of the invading organisms, and their gradual 
destruction by the antibacterial action of certain fluids and cells of the host. 
Sometimes the local defences are overcome, and the bacteria are disseminated via 
the lymphatic capillaries to the lymph nodes, and, if they are not held there, from 
thence to the blood stream, with the establishment of a generalized and perhaps 
fatal disease. But though localization of the disease process may clearly be a 
reaction tending to promote the survival of the animal infected, localization of 
the primary infecting dose is not necessarily so. It is arguable that immediate 
dissemination of the infecting bacteria, so that they are “ diluted ” in the healthy 
antibacterial tissues of the host, may ensure their destruction more certainly than 
their localization in a site where perhaps they may multiply and ripen into a 
focus of infective particles that will later be disseminated with fatal results. The 
number of bacteria that get into the tissues at the start of a natural infection 
is likely in most cases to be small, and it is to be noted that when small 
inocula are injected experimentally, a given dose of bacteria may be less noxious 
when “ diluted ” directly in the blood stream, than as an injection into the 
tissues. 

Lange and Outdeutsch (1928) found that pneumococci, streptococci and pasieurellas 
were more fatal to mice when injected intraperitoneally than when injected subcutaneously 
or intravenously, and that the subcutaneous was rather more fatal than the intravenous 
route. In the case of Erysi^elothrix rhusiopathice, the bacillus causing swine erysipelas 
and mouse septicsemia, the subcutaneous route of injection was found to be more fatal 
than the intraperitoneal or intravenous. According to Sobernheim and Murata (1924), 
the dose of B. antJiracis required to kill a guinea-pig after intravenous or intraperitoneal 
inoculation is about ten times the dose that will produce a fatal infection when injected 
by the subcutaneous or intracutaneous routes. Whether or not it is beneficial that particles 
should reach the blood stream as soon as possible, or be held locally, we must examine the 
factors likely to promote both events. At the outset we may note that the passage of 
particles from the tissues directly through the capillary endothelium appears to be unlikely, 
except in rare cases of gross mechanical trauma to the capillaries, and perhaps in iiflections 
with organisms that proliferate selectively in the endothelium itself. As a rule both 
particles and bacteria reach the circulation hy a less immediate route. 

The Permeability of Blood and Lymph Capillaries to Foreign Matter. — Under- 
lying the various epithelial surfaces of the body there is an extensive anastomotic 
network of blood capillaries and lymphatic channels. The two networks, with 
rare exceptions, constitute independent systems, each lined by a continuous 
sheet of endothelial cells. The lymphatic network drains into the afferent lym- 
phatic channels, which in turn lead to a lymph node (Drinker and Yoffey 1941). 
In normal tissues, excepting the liver, the permeability of both capillary and 
lymphatic endothelium is poor. Substances of low molecular weight only are 
absorbed from the tissue by the capillaries. For instance, R-ous and his colleagues 
(Rous, Gilding and Smith 1930, Smith and Rous 1931a, 6, Rous and Smith 1931) 
showed that certain dyes passed directly into the venous portion of a capillary 
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loop. Cobra venom, of molecular weight 5,000, is absorbed directly into the 
blood stream, but diphtheria and tetanus toxins, of molecular weights greater than 
20,000, are not (Barnes and Trueta 1941). Serum proteins do not pass directly 
into the blood stream from the tissues (Starling 1895-96). The permeability of 
the blood capillaries increases greatly with trauma, and under the influence of 
various noxious substances. It does not appear that the passage into the blood 
stream of particles of bacterial dimensions is facilitated in these circumstances ; 
though Tuttle and Cannon (1935) obtained some evidence that virulent strepto- 
cocci passed directly into the blood stream after their introduction into the lung 
alveoli of dogs. The lymphatics, on the other hand, readily become permeable 
to large molecules and small particles introduced directly into the intercellular tissue 
spaces, whether they are, for example, inert particles, red blood cells or bacterial 
in nature (see, for instance. Capped 1929, Batchelder, Field and Drinker 1931, 
McMaster and Hudack 1934, Field and Drinker 1936, Schulz, Warren and Drinker 
1938, Barnes and Trueta 1941). We have already noted the speed with which 
bacteria reach the thoracic duct via the lymphatics, from the peritoneal cavity, 
etc. These facts suggest that in areas which, hke the skin and subepithehal tissues 
of the respiratory and alimentary tracts, are liberally supplied with lymphatics, 
invading bacteria in many cases are rapidly carried to the lymph nodes draining 
the site of invasion. 

The Filtering Action of Lymph Nodes. — ^As Drinker, Field and Ward (1934) showed, 
ha 3 niolytic streptococci or particles of india ink introduced into an afferent lymph channel 
are to a large extent removed from the lymph during its passage through a lymph node. 
The filtration appears to depend mainly on the complex ramifications of the chamieis 
in the node, and to a lesser extent on the removal of particles by phagocytic cells lining 
the sinusoids of the node. The filtration, however, is by no means complete. Schulz, 
Warren and Drinker (1938) instilled virulent Type III pneumococci into the nose of rabbits, 
and recovered cocci from the vessels draining the superior deep cervical node within one 
hour of the instillation ; non- virulent organisms, on the other hand, did not appear in 
the efferent lymph. Where lymph has to traverse several nodes in its passage to the 
thoracic duct filtration may be very efficient. Thus Drinker, Field and Ward (1934) 
passed large numbers of streptococci through the popliteal and iliac lymph nodes of a 
dog ; 14 ml. of a culture containing at least 250 X 10® organisms per ml. were perfused 
in 88 minutes ,* at the end of 56 minutes, 1 ml. quantities of thoracic lymph were sterile, 
and even after 88 minutes’ perfusion, the number of streptococci per ml. was only of the 
order of 100. 

It seems probable that the nature of the particle affects the efficiency of filtration. 
Thus, Yoffey and Sullivan (1939) found that vaccinia virus instilled into the nose of rabbits 
appeared in the thoracic duct after a delay of twelve hours, and continued to do so for 
seven days after instillation. It is not known whether this represented a ready passage 
of virus through the node, or its retention and multiplication in the tissues of the node, 
with subsequent discharge into the efferent lymphatics. 

As we have seen, the introduction of infective particles into the tissues is 
usually followed by varying degrees of local inflammatory reaction, and it is 
pertinent to inquire how far these affect the fate of the particles. Our knowledge 
of the value of the inflammatory reaction as a defence against infection is still 
very incomplete. In recent years, however, interest in this aspect of inflammation 
has been stimulated by extensive analyses of the inflammatory processes made 
by Menkin in the United States. Briefly, Menkin’s view of the process of acute 
inflammation is as follows. 
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At tiie site in which inflammation develops, three substances are lib(n*atecl from the 
tissues : leukotaxine, a crystalline polypeptide that increases j>er!neability of the 
blood capillaries and is positively chemio tactic, thus attracting pol^iiiorphoniKiear ceils 
to the inflamed area (Meiikin 1936, 1938) ; a pseudoglobuhu which acts on the bone 
marrow and induces a polymorphonuclear leucocytosis (Menkin 1940a, 6, Minkin and 
Kadish 1942) ; and a toxic euglobuhn called necrosin ” (see Chapter 44) which is respon- 
sible for the necrosis of tissue in the inflammatory area (Menkin 1943a). According to 
Menkin, predominance of any one type of phagocyte at a given stage of the inflammatory 
process is a function of the metabolic state of the inflamed region. In the early stages, 
the pH is 7*0 or more, and polymorphonuclear cells predominate ; in later stages, owing 
to the breakdown of carbohydrate in the area, a lactic acidosis occurs, and the resultant 
fall in pH leads to the appearance of macrophages (Menkin and Warner 1937, Menkin 
19436). 

Apart from the necrotic effect of necrosin, each of these phenomena can be said to 
have survival value for an animal attacked locally by an infective parasite. Tlirough 
the capillary walls made permeable by leukotoxine come phagocytes, and an exudate 
containing antibodies, other antibacterial substances and fibrinogen. The coagulation 
of the fibrinogen in this exudate leads to the deposition of a fibrin mesh work in the inter- 
cellular spaces of the injured tissues. The protein content of lymph will rise, since under 
the influence of leukotaxine the lymphatic endothelium will have become permeable 
to the exuded proteins, and under the toxic action of the invading bacteria the lymph 
will clot in the lymphatic channels. In favourable circumstances, therefore, the inter- 
cellular dissemination of the infective material wiU be hindered by the fibrin deposit in 
the tissues, and dissemination along the lymph channels by the intralymphatic clots. 
This clotting process constitutes Menkin’s “ lymphatic blockade ” whereby irritant material 
is fixed and held at the site of inflammation. If the irritant is sufficiently strong, “ fixa- 
tion may even precede the diapedesis of leucocytes. According to Menkin, bacteria 
like Staph, aureus stimulate an early formation of a lymphatic blockade, and licmcc tend 
to be confined in local abscesses ; Btr. pyogenes, on the other hand, induces a late fixation 
reaction, and is conspicuously invasive. 

The presence of leukotaxine-like polypeptides in the breakdown products of 
tissue proteins has been demonstrated by Duthie and Chain (1939), and many 
of the experimental phenomena upon which Menkin bases Ms hypothesis of inflam- 
matory fixation have been reproduced by other workers, though neither Steinberg 
and Dietz (1938) nor Lurie (1939) could find any constant association between pH 
and the predominating type of phagocyte in inflammatory processes. It is probable 
that a number of factors, including the type of parasite, determine the cellular 
response, even in the early stages of infective inflammation (see, for example, 
Gins, Kroemer and Link 1938). 

We are cMefiy concerned here with the hypothesis of the lymphatic blockade 
as a defence against bacterial invasion. The chief objection to the hypothesis 
is the difficulty of demonstrating fibrin deposits and lymphatic thrombi at the 
penpIieTy of inflamed regions, that is, in the region where they are likely to 
be effective as a barrier against the spread of infection. Hich (1936) points out 
that acute inflammatory processes induce an increased, not a decreased, flow 
of lymph from the injured part (see Field, Drinker and White 1932, Hudack 
and McMaster 1933), and suggests that foreign substances, including bacteria, 
are fixed in inflamed areas by adsorption to proteins, and by precipitation 
or other physico-chemical change in the lesion (see also Blalock and Burweil 
1935-36) ; and the work of Miller (1938) on the adsorption of a variety of sub- 
stances, including bacterial suspensions, from regions of inflammation in rabbits, 
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makes it clear tkat absorption depends largely on tbe nature of the sub- 
stance absorbed. ^ Miles and Miles (1943) attribute tbe apparent fixation of 
substances in tbe iiiflanmiatoiy lesion to an accumulation of exudate in tbe tissues 
to sucb a degree tbat tbe existing lymphatic system can drain away only a small 
fraction during the period of experimental observation, with tbe result tbat any 
foreign material diluted in tbe exudate appears also to pass slowly from tbe lesion. 

We should at this point emphasize tbat tbe term “ fixation ” is also used for two 
phenomena that are distinct from tbe fixation discussed above. Tbe first concerns the 
iocabzation of a blood-borne infective agent in tbe tissues, with tbe formation of a 
local lesion. The mechanism of this fixation, as tbe review of Burrows (1932) shows, 
is tbe escape of tbe infective material through capillary endothelium, tbe site of escape 
in most cases being determined by injury to tbe vessel wall. Tbe fate of the material 
from this point will be determined by tbe factors we have already discussed. Another 
kind of fixation occurs in tbe later stages of a local infection, in tbe sense tbat tbe whole 
infected region is walled off from tbe rest of tbe body by tbe cellular reaction. In this 
case we are dealing with localization of an established lesion, a process which is con- 
veniently distinguished from that we have discussed above, which is the localization of 
infective material soon after its introduction. 

It should be noted that lymphatic circulation is largely dependent on active movement 
of tbe animal body (see Drinker and Yoffey 1941), and in tbe quiescent animal, on tbe 
movements transmitted through the tissues by tbe pulsating blood vessels (Parsons and 
McMaster 1938). It follows, as Barnes and Trueta (1941) have demonstrated, that the 
complete immobilization of a limb in plaster wiU greatly retard the adsorption by the 
lymphatics of large particles, and of substances of high molecular weight, injected into the 
limb. 

To summarize j it is frankly impossible at present to forecast tbe fate of infective 
particles introduced into tbe tissues — whether they will be immobilized or carried 
via tbe lymphatic system to tbe blood. Nor can we predict which of tbe two 
results would be more effective in destroying tbe infective agent. Clearly both 
local and systemic defence mechanisms are highly effective in certain circum- 
stances. In our opinion tbe known facts are inadequate for a generalization fike 
tbat of Menkin on tbe role of inflammation in immunity, though tbe phenomena 
be has described are manifestly of first importance. 

The Reactions that follow the Administration of Bacteria or Inert Pathogenic 
Particles to Normal Animals by the Respiratory Tract and by Mouth. 

Our studies of tbe reactions following tbe injection of material into tbe tissues 
indicate tbat in most cases particles over a certain size gain access to tbe lymphatics, 
and if a lymph flow is established, rapidly reach tbe lymph nodes. Tbe extensive 
lymphatic system of tbe skin is protected by a relatively thick and impermeable 
dermis ; tbe equally extensive submucous lymphatic systems of tbe respiratory 
and alimentary tracts are covered by a much more penetrable mucosa. 

Particles as large as globuhn molecules readily penetrate the nasal mucosa and rapidly 
reach tbe lymphatics (Drinker and Yoffey 1941). Pew observations have been made 
on tbe fate of viruses and bacteria in tbe nose. As we have seen (Yoffey and Sullivan 
1939), vaccinia virus did not appear in tbe lymphatics until 12 hours after its introduction 
into the rabbit’s nose, suggesting tbat multiplication in or on tbe mucosa preceded its 
penetration. Yoffey and Drinker (1939) could find no evidence of the lymphatic penetra- 
tion by tbe poliomyebtis virus (see Chapter 87). Schulz, Warren and Drinker (1938) 
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demonstrated a ready penetration of the lymphatics, both of the nose and the trachea, 
by virulent pneumococci. 

We shall discuss the reactions of the alveolar tissues of the lung to bacterial 
invasion in Chapter 74, in connection with the pathogenesis of pneumococcal 
pneumonia. With regard to infections by the mouth 0rskov and his colleagues 
(0rskov, Jensen and Kobayashi 1928, 0rskov and Moltke 1928, 0rskov and 
Lassen 1930), extending the observations of Muller (1912), have recorded a series 
of experiments in which they fed mice with Balm, typhi-muriuni and allied strains 
of the Salmonella group by dropping measured amounts of a broth culture, or 
of a saline suspension, into the open mouth. The animals so treated were killed 
after intervals varying from a few hours to a month or more, and cultures were 
prepared from the blood, liver, spleen, mesenteric glands, the small intestine at 
different levels, and certain other situations. In this way it was possible to follow 
the spread of infection throughout the body. These observations are of particular 
interest because they are concerned with a natural disease of mice, and because the 
portal of entry is that by which the parasite gains access to its host in the natural 
spread of the disease. 

It would seem that the baciUi, when they gain access to the body by the mouth, fail 
to establish any immediate foothold in the intestine, and for the most part rapidly succumb. 
A certain number, however, enter the tissues from the alimentary tract and arc carried 
to the mesenteric lymph glands. Later they enter the blood stream, probably via the 
thoracic duct, but are rapidly removed from the circulation by the reticulo-cndothelial 
cells, particularly those of the hver and the spleen. During this phase the blood taken 
from the heart is sterile, and Salm, typhi-murium cannot usually be recovered from the 
intestine ; while the liver, spleen and mesenteric glands show its presence in increasing 
numbers. In many animals this stage is followed by a secondary bactersemia, which 
increases in intensity until the animal succumbs. The intestine, which as stated above 
is rapidly freed from the invading bacteria during the primary stage of the infection, 
becomes secondarily infected during its later stages, probably by way of the bile-duct. 

A similar series of experiments were carried out using Salm.. paratyphi B as the infecting 
agent — an organism closely related to Salm, typhi-murium, but far less pathogenic for 
the mouse. The same rapid disappearance from the intestine was noted, and the same 
looahzation in the lymphatic glands ; but in this case there appeared to bo no tendency 
for the infection to spread beyond this primary focus, though the bacilli might persist 
in the mesenteric glands for weeks or months. A relatively avirulent variant of Salm. 
typhi-murium behaved in the same way as Salm. paratyphi B, 

Bactericidal and Bacteriolytic Eeactions. 

It is very difficult to assess with any accuracy the part played by the lytic action 
of complement on sensitized bacterial cells. There is little doubt that this purely 
humoral effect is much less important than was at one time supposed, but it is 
certainly operative to some degree with certain organisms and under certain 
conditions. 

Thus, apart from Pfeiffer’s classical experiments with 7. choleras, Buxton and 
Torrey (1906d) note that many of the typhoid bacilli that collect on the surface 
of the omentum after an intraperitoneal inoculation are destroyed by extracellular 
lysis instead of being ingested by macrophages, and many workers have recorded 
analogous observations. In the case of Gram-positive organisms, such as pneumo- 
cocci or streptococci, it would seem, however, that this purely humoral mechanism 
plays no part. 
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THE REACTION OF ACTIVELY IMMUNIZED ANIMALS AS 
COMPARED WITH THAT OF NORMAL ANIMALS 

We have so far been concerned only with the reaction of normal animals to 
bacteria of varying virulence ; and we have seen that the normal clearing mechanism, 
while highly effective against a strain that has little capacity for multiplication 
within the tissues, may be overwhelmed by a more virulent strain that is capable 
of establishing multiple or extensive foci of active infection from which the circula- 
tion is continuously flooded . 

So far as this particular mechanism is concerned, we can summarize the difference 
between an actively immunized and a normal animal very briefly, by saying that an 
immunized animal behaves towards a virulent strain of a particular pathogenic 
bacterium in the same way as a normal animal behaves towards an avirulent, or 
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slightly virulent, strain of the same bacterial species. Withoiii any attempt to 
recapitulate in detail, we may quote a few illustrative examples. 

Wright ( 1927) studied the response, to the intravenous injection of virulent i)iieuiiiococci, 
of rabbits that had been immunized by the injection, at various intervals before the test 
inoculation, of a killed culture of the same strain. Table 70 and Fig. 241 show the 
results obtained in two rabbits that had been immunized 3 months previously, and in two 
normal controls injected with the same dose of the same living culture. Comparison with 
Table 69 and Fig. 240 will show that the immunized rabbits dealt with the highly virulent 
culture in the same way as the normal rabbit dealt with the slightly virulent strain. 

TABLE 70 

Showing the Number or Pneumococci per ml. or Cirgulatii^g Blood at Various Times 
AETEB Inoculation or a Virulent Strain into Normal and into Actively Immunized 
Rabbits. 



Normal. 

Jmimiiiizeci. 

Time after Injection. 





Uabbit 247. 

Rabbit 248. 

Rabbit 29t) 

Rabbit 300 

Immediately .... 

870,000 

1,100,000 

1,000,000 

1,000,000 

5 hours 

1,300 

3,300 

12 

08 

24 

142,000 

1,953,000 

0 

289 

48 „ 

2,800 

Innumerable 

149 

79 

96 „ 

Bead 

Bead 

0 

0 


The phagocytic reactions that we have described arc illustrated in Figs. 242, 243, 244, 
and 245, for which we are indebted to the late Professor H. D. Wright. 

The reaction in the lung capillaries in these immunized animals is illustrated by the 
foUowing figures (Wright 1927) obtained from a film preparation. 


Total number of pneumococci seen . . . . . .893 

Phagocytosed by polymorphonuclear cells . . . . .297 

Phagocytosed by mononuclear cells ...... 340 

Total phagocytosed . . . . . . . . .637 

Total outside phagocytes ........ 256 

In unphagocytosed aggregates associated with platelets . . .206 

In free aggregates ......... 63 


The results that have been obtained when immunized animals have been injected with 
virulent bacteria by other routes — by intraperitoneal or subcutaneous injection or by the 
mouth — are in entire conformity with those described above. An immunized animal 
reacts to a highly virulent bacterium as does a normal animal to one of lower virulence. 
The exact degree of difference in behaviour depends on the grade of immunity that has 
been established. 

We may cite as further illustrative examples of the reactions of normal and immune 
animals the studies of Angevine (1936) on intradermal infections by virulent streptococci 
and the detailed studies of Jawetz and Meyer (1944a, b) on the reactions of the guinea- 
pig to infection by plague bacilli. 

The immunity with which we are here concerned is, it should be noted, strictly specific. 
The influence of non-specific factors on immunity is considered in Chapter 62. 

The Passive Transference of Antibacterial Immunity,— The increased resistance 
that an actively immunized animal enjoys in virtue of the increased efficiency of the 
defence mechanism considered above can be passively transferred from an im- 
munized to a normal animal by injecting into the second the blood serum of the first. 
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Fig. 242. Fig. 245. 

Showing phagocytosis of pneumococci Lung of an immunized rabbit, showing phagoc3''tos is of 

by macrophages in the liver of an pneumococci in capillaries of alveolar walls, 

immunized rabbit. 





Fig. 243. Fig. 244. 

Showing phagocytosis of pneumococci by Blood from the liver of an immunized rabbit, 
the Kupffer cells, from the liver of an showing phagocytosis of pneumococci, 

immunized rabbit. 
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It follows that we must regard the meclianisni by wliicli virulent bacteria 
are disposed of when once they have gained access to the tissues of an immunized 
animal as involving an integrated system of cellular reactions conditioned by the - 
presence of specific antibodies in the blood or tissue fluids. 

Again, a few illustrative examples will suffice. 

Bull (1915a, h) found that, in a rabbit in which a bactera3inia had been established by 
the intravenous injection of pneumococci, the bacteria wore removed from the circulation 
within about 15 minutes after the intravenous injection of 0'2-0-5 ml. of antipueiimococcus 
serum per kilo -body- weight of the rabbit. 

Wright (1927) showed that the clearing mechanism of a normal rabbit could be rendered 
highly effective against virulent pneumococci by the intravenous iiijetition of the scrum 
of an actively immunized animal. The results of one such experiment are set out in 
Table 71 and Fig. 246. The two passively immunized rabbits received 1 ml. respec- 
tively of the serum of an actively immunized rabbit 1 hour before i\w t(‘st dose of culture. 

It will be noted that the normal animal died between the r>th and 24th hours, so that 
the expected secondary rise in the number of bacteria was not observed. 


TABLE 71 

SHO^VINa THE Numbers of Pneumococci per ml. op CiRCULATimi Ulood vt Various Times 
AFTER Inoculation of a Virulent Strain into One Normal and Two Passively 
Immunized Babbits. 


Time after Injection. 

Normal. 

Pass. I mm. 1. 

Da.st^. Irnin. 2 

Immediately 

2,300,000 

2,300,000 

2,000,000 

6 hours 

43,000 

2 

52 

24 „ 

Bead 

8 

14 

48 

— 

0 

1 

96 „ 

— 

0 

0 


Manwaring and Coe (1914) perfused a normal liver with a dilute suspension of pneumo- 
cocci, with and without the addition of an antipneumococcal serum, and found that the 
retention of pneumococci within the liver capillaries was very marked in the former case, 
but very slight in the latter. 

There are many earlier observations of an analogous kind. 

Bordet (1897) showed that an antistreptococcal serum would protect a guinea-pig 
against the intraperitoneal injection of a lethal dose of living streptococci. By with- 
drawing samples of the peritoneal exudate at various intervals after the inoculation, he 
was able to show that the recovery of the passively immunized animal was associated 
with a greatly increased degree of phagocytosis, mainly by the polymorphonuclear cells. 
By a very ingenious experiment he demonstrated that the relatively slight degree of phago- 
cytosis in the peritoneal exudate of the normal animal could not bo ascribed to an absence 
of activity on the part of the leucocytes. If a suspension of Protems bacilli were injected 
into the peritoneum of a normal guinea-pig at a tune when virulent streptococci were 
multiplying actively therein without undergoing any considerable degree/ oi‘ phagocytosis, 
the leucocytes at once ingested the Proteus bacilli in enormous numbers. 

Pfeiffer and his colleagues (Pfeiffer 1893a, b, 1894a, 5, 1895, Pfeiffer and Issaeff 1894, 
Issaeff 1894) showed that an anticholera serum would protect a guinea-pig against the 
intraperitoneal injection of living cholera vibrios ; but in this instance the protective effect 
would appear to depend mainly on a lysis of the vibrios, brought about by the combined 
action of antibody and complement. 
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It lias, then, been shown quite clearly that specific antibodies play an important 
role in antibacterial immunity. Are they always concerned, or is there some other 
defence mechanism of the tissues that functions independently of them ? 

The evidence at present available does not allow us to give any decisive answer 
to this question ; and reference to the literature shows a wide divergence between 
the tentative conclusions sponsored by different observers. One reason for this is 



that the point at issue has not always been clearly defined. Sometimes the problem 
actually submitted to experimental study has been the correlation between resistance 
to a particular bacterium and the presence of the corresponding antibodies in the 
circulating blood. But we shall see, when studying anaphylaxis, that specific 
antibodies readily become fixed to tissue cells j so that the demonstration of 
immunity in the absence of circulating antibodies, or a failure to find any correlation 
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between antibody titre and degree of resistance, cannot be accepted as satisfactory 
eTidence that specific antibodies are not involved. 

As an illustrative example of the relations that have been found to hold in 
experiments of this kind we may refer again to the careful studies of Wright (1927). 

In these experiments, a large series of rabbits were immunized by a single intravenous 
inociiiation of killed culture and were tested at various intervals thereafter by determining 
the rate at which virulent pneumococci disappeared from the blood stream, after the 
intravenous injection of 1 ml. of living culture. The results suggested that there was a 
slight, but definite, improvement in the clearing capacity within a few hours. This became 
well established on the 3rd day, was still marked at the end of a mouth, and might persist 
for 3 to 6 months, though in diminishiiig degree. The serum of many of these rabbits was 
tested for the presence of agglutinins, opsonins, and precipitins. It was found that the 
production of these antibodies was inconstant, and that the times of their appearance and 
disappearance in the blood in no way corresponded to the duration of the improved clearing 
capacity. In many cases no antibodies were ever demonstrable, although the rabbit 
showed a well-marked clearing reaction. In others, agglutinins appeared to low titre on 
the 4th day, increased in amount to the 7th or 10th day, and disappeared by tlie end of the 
3rd week. Thus they first appeared after the increased clearing capjicity had become well 
estabhshed, and vanished while it was still present in a marked d(\groe. In cuniuection with 
these experiments Wright also determined the inhibiting action of whole blood (heparinized) 
on the growth of pneumococci, using a modification of the methods employed by earlier 
workers in determining the bactericidal action of whole blood on this organism. He found 
that the results of this in vitro test were far more closely correlated with the clearing 
capacity of the rabbits, and with the power of their serum to confer this clearing capacity 
on normal rabbits, than were the results obtained by agglutination or precipitin reactions. 

A protocol, taken from his paper, and slightly modified in form, affords a clear illustra- 
tion of the general type of his results. (Table 72.) 

TABLE 72 


Habbits. 

Immune A. 

Immune B. 

Immune C. 

Immune D. 

Imniimc 33 

Normal. 

Action of Serum. 







Agglutinins . 


— 

__ 

— 

— 


Precipitins . 

— 

-f 

— 

_ 



Inhibition of 







growth by whole 







blood - 

+ 

+ + 

4- + 

+ + 

+ + 


Passive protection 







of normal rab- 







bits 

1 



-h 

slight 

~\~ T 


i Clearing capacity 
of rabbit : 

Xo. of organisms per ml. after intravenous injection. 

At once . 

1,030,000 

1,170,000 

1,170,000 

1,250,000 

840,000 

050,000 

2 hours . 

20,800 

0 

0 

0 

0 

210,000 

5 ,, ... 

340 

0 

0 

0 

0 

25,000 

24 „ ... 

1,300 

0 

0 

0 


1,100,000 

48 „ ... 

J34 

0 

0 

0 

0 

Dead 

96 „ ... 

0 







Korinal. 


1 .070.000 
137,000 

25,000 

1.510.000 
Dead 


The lack of correspondence between the presence of agglutiiiins and precipitins on the 
one hand, and clearing capacity on the other, is obvious ; but the association between the 
growth-inhibitory action of the whole blood and the clearing capacity is very close. 
Similarly, those rabbits which are able to remove pneumococci rapidly and completely from 
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ilieir own circulating blood are in a position to confer a similar ability on normal rabbits, 
by the transference to the latter of a relatively small proportion of their blood serum. 
The correspondence, in this case, is not absolute ; but the association is well-marked. 

It should, perhaps, be noted that other workers have reported the occurrence of an 
effective active immunity in the entire absence of circulating antibodies, as judged by aU 
available tests, including the bactericidal power of the whole blood (see, for instance 
Teale 1935). 

Evidence of an essentially different kind has sometimes been appealed to in 
the discussion of this problem. It has been pointed out that there may be little 
if any correspondence between the protective power of an antiserum and its antibody 
content as determined by agglntination, or other in vitro tests (see, for instance, 
Wadsworth 1917 , Avery et al. 1917). So far as this is so, it is clearly not an argument 
in favour of a tissue immunity as against an immunity depending on humoral 
antibodies — the passive transference of protection is proof enough that some humoral 
factor is concerned. The most that can be concluded from such observations is that 
the protective power of the serum is not determined by the particular antibodies 
measured by the in vitro tests. The force of most arguments of this kind has been 
greatly weakened during recent years by the demonstration that antibacterial 
immunity is dependent on the antibodies acting on particular antigenic components 
of the bacterial cell, while other antibodies, though giving agglutination or precipita- 
tion in vitro, may have no protective effect in vivo (see below). It has been shown 
too that many of the quantitative methods used by the earlier workers were very 
ill-adapted for the accurate assay of the antibodies concerned ; and the employment 
of a more adequate technique has resulted, in many cases, in the demonstration 
of a close correspondence between the protective power of a serum and its content 
in a particular antibody (see Smith 1932), 

As an example of an acquired cellular immunity in which the participation of antibodies 
has been excluded as rigorously as experimental conditions permit, we may cite the recent 
experiments of Lurie (1942), who injected tubercle bacilli into normal and immune rabbits, 
and two days later removed specimens of tissue, from which he obtained suspensions of 
mononuclear phagocytes containing ingested tubercle haciUi. These were injected into 
the anterior chamber of the eye of normal rabbits, “ immune ” cells into one eye, ‘‘ normal 
cells into the other. After 10-14 days “normal” cells had proliferated, and the chamber 
contained large numbers of intracellular and extracellular tubercle bacilli ; “ immune ” 
cells had not proKferated and only a few degenerate bacilli were seen, mostly intracellular. 
Viable counts of the contents of the anterior chamber confirmed the inference that the 
“ immune ” cells inhibited the growth of tubercle bacilli. It is not, however, clear how 
far the increased immunity was specific for tubercle baoilli. Eor example, in earlier studies 
Lurie (1939) showed that macrophages from tubercle-immune animals were more actively 
phagocytic in vitro than those from normal animals, hut that the activity was displayed, 
not only towards tubercle bacilli, but towards inert particles and other bacteria. 

s 

Perhaps the strongest argument in favour of the essential role of the serum 
antibodies in antibacterial immunity is the fact that such immunity is specific. 
It is true that a non-specific active immunity can sometimes be induced ; but it is 
almost always of the relatively trivial and transient type described in Chapter 52. 
Effective and durable active immunity is usually narrowly specific ; and in many 
cases we can identify the particular antigenic component, or components, on which 
it depends. If there is an immunity that has nothing to do with antibody formation, 
then we must invoke an additional specific mechanism, in which the same antigenic 
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components are in some way involved. There is nothing very unlikely in such an 
assnmptionj and it may well prove to be correct ; but it will accord with the sound 
principle of economy of hypothesis, to reserve judgment ])en(lmg the aeciimulation 
of further evidence. 

The Dependence of Effective Antibacterial Immunity upon Particular Antibodies. 

On which of the various serum antibodies does antibacterial immunity depend ? 
This question was answered, in respect of one particular infection, long before anyone 
realized that it had been asked. Neufeld and Handel (1909), in their classical 
paper on the testing of antipneumococcal sera, first showed the existence of different 
serological types of pneumococci by noting that a given scrum would protect a 
mouse against one strain of pneumococcus but not against another. 

The demonstration of the presence of two separable antigenic components in the 
pneumococcal cell — the type-specific polysaccharide and tlic non-specific iiucdeo-protein 
— afforded an obvious opportunity of approaching this problem along more satisfying lines ; 
and the results obtained were unequivocal. The antibody coiTcs£>onding to the poly- 
saccharide hapten was found to have a high protective value : the antibody corresponding 
to the nucleo-protein antigen'^had little, if any, protective effect ( Avery and Morgan 1926, 
Avery and Neill 1926). A decisive demonstration of the protective action of the antibody 
acting on the specific polysaccharide, in the absence of antibodies acting on any other 
constituent or product of the pneumococcal cell, was more recently recorded by Avery and 
Goebel (1931). They prepared a synthetic antigen by obtaining purified polysaccharide 
from a culture of Type III pneumococcus and linking it to horse globulin, and with this 
antigen they immunized rabbits. The antisera so obtained protected mice against Type III 
pneumococci, but not against Type I or Type II pneumococci. 

In this connection an observation of considerable interest was made by Sugg, Richard- 
son and Neill ( 1929). It was found that a particular variety of yeast contained the specific 
polysaccharide component of the Type II pneumococcus. Vaccination of mice with a 
heated suspension of this yeast significantly increased their resistance to Tyxie II pneumo- 
coccus, but not to Type I or Type III. 

Goebel (1939, 1940) succeeded in demonstrating an even more precise relationship 
between specific immumty and the chemical structure of the major piuainiococcai antigen. 
He prepared azo-protein antigens containing the glucoside of cello])iuronic ficid, an acid 
known to be a constituent of Type III and Type VIII pneumococcal polysaccharides, 
and was able to protect mice against Type III and Type VIII infections by treatment 
with antisera from rabbits immunized with the azo-protcin. in the same way, antibodies 
to antigens containing the glucosides of synthetic gentiobiuronic and glucuronic acids 
protected mice against Type II pneumococcal infection. 

The predominating role of antibody to polysaccharide in type-sx)ecific immumty to 
pneumococcal infections is weU established, and it is of interest to note that where the 
main antigen of a pneumococcal type is complex, the most solid immunity is achieved 
when antibodies to aU the conaponents are present. Kauffmann, Morch and Schmith 
(1940) separated the Type VII pneumococcus into four sub-types distinguished by different 
combinations of eight antigenic components, a to h, Bjorneboe (1940) w’as able to prepare 
sera specific for some of the separate components, and showed that full protection of 
mice against Type VII (containing a + b) and Type VIIa (containing a + b + c) was 
obtained only when the animals received mixtures containing the full quota of correspond- 
ing antibodies, i.e., anti-a -j- anti-6, and anti-u anti-6 -f- anti-c, respectively. 

Certain workers, notably Day (1933, 1934) and Harley (1936), describe an acid-extract- 
able, species-specific, immunizing antigen in pneumococci. Bownie (1938) was unable 
to find an antigen of this character in pneumococci, though he described an antiprotein 
antibody with some protective power (see Chapter 64). Street (1942), however, reports 
that prolonged immunization of rabbits with an R Type II pneumococcus induced a 
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species-spccific antibody that protected tbe immune animal against intrapleural infections 
of Timlent Type I pneumococci. Its chief effect appeared to be opsonic, particularly in 

respect of the macrophages. 

Julianelle (1926) has reported more or less similar findings in the case of Eried- 
lander’s bacillus. A serum containing antibodies for one of the type-specific 
polysaccharides protects mice against the corresponding serological type. A serum 
containing only antibodies corresponding to the common nucleo-protein antigen 
affords no protection. A similar dependence of immunity on type-specific anti- 
bodies has been recorded for Sir. pyogenes (Stamp 1936, Stamp and Hendry 1937) 
and Sh. flexneri (Weil and McFarlane 1944). 

It was, however, in the case of the motile iDacilii, possessing flageUar and somatic 
antigens, that the problem of the different immunizing value of different bacteria! 
antigens was first stated in its clearest and most explicit form by Felix and his 
colleagues (see Felix 1924). The results of subsequent experimental studies have 
afforded strong support to his contention that the flagellar antigens, and the 
corresponding antibodies, play little if any part in the mechanism of specific anti- 
bacterial immunity, while the heat-stable somatic antigens and the antibodies 
that react with them are all-important. 

Arkwright (1927) immunized guinea-pigs by the injection of vaccines prepared from 
different strains of Salm, typhi and Salm. paratyphi A, and subsequently tested their 
resistance by the injection of living virulent bacilli. 

In the case of Salm. typhi, a vaccine prepared with a smooth, motile, virulent strain 
(containing the flagellar antigen and the surface antigen IX) produced a significant increase 
in resistance. A vaccine prepared from a rough, motile variant (containing the flagellar 
antigen but not the surface antigen IX) did not. In the case of Salm. paratyphi A four 
vaccines were used : (1) a smooth, motile strain, with the flagellar antigen and the sur- 
face antigens I, II, (2) a non-motile, smooth variant, with no flageUar antigen but retain- 
ing the surface antigens I, II, (3) a rough, motile variant, with the flageUar antigen hut 
without the surface antigens I, II, and (4) a rough, non-motile variant containing neither 
the flageUar antigen nor the surface antigens I, II. Vaccines (1) and (2), containing the 
antigens I, II, produced a marked increase in resistance. Vaccines (3) and (4), from 
which this antigen was absent, did not. 

Ibrahim and Schutze (1928) obtained analogous results in the immunization of mice 
against Salm. typhi-murium. They found that the E- variants, in which the specific 
polysaccharide antigen was absent, were ineffective as immunizing agents. The S vari- 
ants, containing the specific polysaccharide antigen, produced a significant increase hi 
resistance. 

Experiments, in which untreated mice and mice vaccinated with different bacterial 
suspensions were submitted to the risk of natural infection during a long- continued experi- 
mental epidemic of mouse typhoid, have yielded entirely concordant results (Greenwood, 
Topley and Wilson 1931). The total numbers in each of the vaccinated groups were large 
— over 300 mice — so that the difference noted may be regarded as certainly significant. 
The results are summarized in Table 73. 

The column giving the antigenic structure shows the components on the surface of the 
bacterial cells and those carried by the flageUa, All vaccines except E were saline suspen- 
sions, killed by heat and formalin. Vaccine E — a kiUed broth culture — was included 
because of the possibility that some bacterial product of immunizing value might be 
liberated into the culture fluid. The measure of resistance — the mean survival time in 
the epidemic cage limited to 60 days — was selected for reasons that will be referred to later. 
The significance of the standard error, which is attached to each survival time, has been 
considered in Chapter 43, 
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TABLE 73 


Group. 


Vaccine. 




Mean Survival 
Time in Epidemic 
Limited to 
60 Days. 


c 

E 

F 

G 

D 

B 

A 

H 


Salm. typM-murium 

(Smooth. — Type and Group) 

Salm. typhi-murium ...... 

(Smooth — Type and Group — 

Broth culture) 

Salm. paratyphi B 

( Smooth — Group) 

Salm. paratyphi B 

(Smooth — Type) 

Salm. typhi-murium 

(Rough — Type and Group) 

Salm. typhi 

(Rough) 

Staph, albus 

Unvaccinated Controls 


Surface, IV, V, 

(XII). , 

35*31 ± 0*884 

Flag. i. 

Flag. 1, 2, 3. 
Surface, TV, V, 

(XII). 

31*97 ± 0*845 

Flag. 1 . 

Flag. 1, 2, 3. 
Surface, IV, V, 

(XII). 

35 06 ± 0 845 

Flag. 1, 2, 
Surface, IV, V, 

(XII). 

33*71 ± 0*853 

Flag. h. 

Surface, R. 

i 

29 41 ± 0*771 

Flag. i. 

Flag. 1, 2, 3. 
Surface, R. 

1 

29*28 ± 0*732 

Flag. d. 


i 29*86 d- 0*714 

— 


26*26 ± 0 641 


It will be seen that the control and vaccinated groups can bo divided into three classes 
on the basis of their survival time. The unvaccinated mice lived, on the average, for 
26*26 days, and were thus significantly less resistant than any other group. The groups 
D, B and A were slightly more resistant. This increased resistance was clcTirly not specific. 
The rough polysaccharide antigen was not concerned, for the Staph, albus vaccine did not 
contain it. The fiagellar antigens of Salm. typhi-murium were not cioncenu'd, for neither 
the Staph, albus nor the rough Salm. typhi contained them. The groups C, E, F and G 
were definitely more resistant ; their mean survival time varied from 33*71 to 35*31 days. 
They all differed from the other groups in that they contained the specific polysaccharide 
surface antigens of Salm. typhi-murium (IV and V). They differed among iiu'inselves with 
regard to their flagellar antigens. The results indicate quite clearly that the specific 
polysaccharide surface antigen is the most important immunizing agent. There is little 
doubt that the surface antigens of the salmonellse are identical with the endotoxins 
that can be extracted from them (see, for example, Raistrick and Topley 1934, Boivin 
and Mesrobeanu 1936) and, as the experiment set out in Table 73 exemiilifies, any cross- 
immunity induced by different salmoneUse is referable to their having a somatic antigen 
in common. These antigens stimulate the production of antibodies that have moderate 
anti-endotoxic powers, and are strongly antibacterial (Boivin and Mesrobeanu 1938a, h). 

In the particular case of the typhoid bacillus it is necessary to discuss the significance 
of the Vi antigen and Vi antibody, described by Felix and Pitt (1934a, h) (see Chapter 69). 
The relation of the Vi and O antigens of Salm. typhi to antibacterial immunity is complex. 
Topley and his colleagues (1937) prepared an antigenic fraction containing a mixture of 
Vi and 0 antigens, and one containing the O antigen alone. On injection into mice, 
both conferred immunity to virulent Vi-containing typhoid bacilli. Later comparisons 
of relatively pure preparations of Vi and O antigen confirmed their immunological differ- 
ences. Pure 0 and pure Vi sera specifically neutralized the toxic effect of the corresponding 
antigens, and exhibited a high degree of cross-protection against infection with Salm. typhi 
containing Vi and O antigens (Boivin and Mesrobeanu 1938c, 1939, Henderson and Morgan 
1938, Boivin 1939). Henderson (1939), however, demonstrated a feebler protective action 
of 0 sera in mice when large infecting doses of bacilli were employed. He also showed 
that against infection with pure Vi and pure 0 strains of Salm. typhi only specific Vi 
and O sera respectively were protective (see also Grasset and Lewin 1937). 
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Ivol^ci tsoi i and, ITclix (1930) found ttiat an antiserum to Cl. s&pticiiYii, coiitciinin^ anti- 
bodies against the heat-stahlo somatic antigen, but none against the licat-lalhle flagellar 
antigens, had a high protective value in mice. Henderson (1932) recorded analogous 
results with CL clumvmi. These results accord in general with those found in the sal- 
monellas. But more recently Henderson (1937) observed that antisera to unheated 
lormohzed CL septicum contained a protective antibody specifle for a heat-labile antigen 
m the bacilli. The antigen had none of the qualities of the heat-labile Vi antigens, and 
appeared to bo flagellar in nature, the protective effect being roughly correlated with 
the flagellar agglutination titre. Henderson suggests that flagellar antibody might exert 
an immobilizing effect on a motile, pathogenic bacterium and thus prevent its dissemination 
through the tissues. If this is the case, it should be possible to demonstrate protection 
with flagellar antibodies in other types of infection. 

The Efficacy of Antibacterial Immunity. 

As we emphasized in the earliest pages of this book, immunity may be of very 
varying grade. The first effect of the mechanisms that we have discussed in this 
chapter is to free the circulating blood from bacteria, and so save the host from a 
fatal bactersemia. The effect on the local foci of infection is less pronounced, and 
much less rapid. Bacteria may remain latent in such foci over considerable periods. 

Thus (Tox)lcy 1929) of G4 vaccinated mice that had survived in apparent health for 
28 days after an intraperitoneal injection of 1,000 virulent Salm. tijplii-murium, 31 w'ere 
found to be harbouring that organism m the spleen. We need not doubt that a complete 
sterilization of the tissues often occurs ; but we must not identify the absence of overt 
illness with a complete absence of infection, or illness followed by recovery with infection 
followed by a return to the uninfected state. 

There is another factor which may limit the efficacy of immunity of this type. 
There are regions of the body in which bacterial infections are particularly dangerous, 
and when foci are established at these sites an immunity that is effective against 
lesions elsewhere seems to be of little avail. Thus Bull (19156) notes that im- 
munized animals, after rapidly freeing their blood stream of pneumococci and 
remaining in apparent health for several days, may later succumb to a pneumococcal 
meningitis. The particular susceptibility of certain regions of the body, even in 
the immune animal, may he an inherent feature of the animal. It may also be a 
reflection of variations in the distribution and efficacy of antibody in the various 
tissues. We shall examine this latter possibility in the next section. 

In general, antibacterial immunity is, as we should expect, found to be more 
variable and often less effective than antitoxic immunity. 

The Conditions under which Antibodies exert their Protective Action. 

The union of antibody with the surface antigens of an invading bacterium 
clearly renders the parasite more susceptible to the defence mechanisms of the 
infected host ; for example, to the lethal and bacteriolytic action of complement 
and to phagocytosis. The importance for protection of the host of phenomena 
like precipitation and agglutination is less well established. The formation of 
visible precipitates, or of an agglutinated mass of bacteria, in the tissues or tissue 
fluids of an immune animal cannot take place unless there is an adequate concen- 
tration of antigen, either in the form of soluble products of bacteria, or of bacteria 
themselves. 

In discussing the functional significance of preeipitins Cannon (1940) suggests that 
specific aggregates in the body range in size from molecular aggregates up to large pre- 
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cipitates. Tiie in vivo formation of large precipitates is, however, mostly a matter of 
conjecture, and while it is not to be doubted that antigen-antibody eoin})k‘X<‘s of a niok^cular 
order of size are formed in vivo, they are clearly not preci])itates. Iku' ri^ardion of the 
clearing mechanisms of the body to soluble antigen modified by union vitli antibody 
probably parallels the reactions to bacteria modilied by antibody. As Cannon points 
out, soluble antigen disappears more rai>idiy from the blood of an immune animal than 
from that of a normal animal ; but there is little evidence that the aggregates have to 
reach the size implied in the description ‘‘ precipitate ” before the clearing mechanism 
can take effect. 

It is of interest to note that precipitation ax>parently plays an important part in 
immunity to certain parasitic nematodes. Immune sera precipitate with antigens con- 
tained in the excretory materials exuding from the mouth and anus of the worms. The 
resulting interference with the metabolism of the worms is lethal (see Taliaferro 1940, 
Oliver-Gonzalez 1940). 

Agglutination in the blood stream of the infected animal may be a jirominent 
feature in the experimental tests of clearing mechanisms we have described above. 
It is, however, observed only with relatively enormous doses of bac‘teria (see, for 
example, Eeiss 1939). It is probably less prominent in natural infections of the 
blood stream, where high concentrations of bacteria arc unusual. In a local lesion, 
however, where the concentration of bacteria in the body fluids may be high, 
it is possible that antibody may help to localize the infection, not only by agglu- 
tinating existing bacteria, but by sensitizing growing bacteria so that their daughter 
cells, when formed, remain in a clump instead of dispersing. 

The importance of agglutination as a protective meclianism in exiicalmcntal pneumo- 
coccal infection has been stressed by Oelriclis (1934, 1935, ]93()). Rich and McKee 
(1934) showed that antipneumococcal serum helped bo localize experimental skin infections 
in rabbits whose leucocytic response had been inhibited by benzene poisoning. Wood 
(1941) found that in rats, the advancing edge of the pneumonic lesion consisted of a 
leucocyte -free zone of oedema, in which the alveoli contained only fluid and xuieumococci. 
Nevertheless, when antipneumococcal serum was given intravenously, the spread of the 
infection was largely inhibited, and the pneumococci at the periphery of the lesion were 
at the same time agglutinated. A phagocytic response appeared lati;r round the agglu- 
tinated masses, but prior to this, there was a definite association between localization of 
the disease, and the appearance in the infected tissue of agglutinating antibody. It is 
difficult to determine whether in these cases the agglutination is to be regarded merely 
as a consequence of an antigen-antibody reaction whose chief protective function is 
sensitization to phagocytosis (when phagocytes are present) and to the bactericidal action 
of the complement, etc., in the tissue fluids, or whether agglutination by itself is anti- 
bacterial. Aside from the purely mechanical effect of aggregation into large masses that 
are not readily dispersed through the tissues, there is httle other j^rotective function 
we could assign to agglutinins per se, Oldfelt (1942) reviews the evidence that bacteria 
are damaged by the action of agglutinins on living bacteria in vitro. Agglutination 
have little effect either on the viability or on the respiratory activity of bacteria, 
except when the agglutinated masses are large. In these circumstances, Suranyi and 
Paloczy (1930), von Jenny and Vaezi (1940) and Oldfelt himself recorded a diminution 
in the rate of oxygen uptake. At most, then, we may postulate that agglutination in vivo 
may be directly antibacterial when the agglutinated masses are so large as to interfere 
with the metabolism of bacteria in the centre of the masses. 

The Availahility of Antibody in the Tissues of the Host. 

The concentration of antibody in the- blood is one of the simplest indications 
of a state of immunity, and it is possible to determine by experiment the relation 
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between a given blood concentration and a specifically immune state of tbe animal. 
This immunity, however, depends on antibacterial qualities not onlv of the blood, 
but also on that of tbe tissues, the intercellular fluids, lymph, and so forth. More- 
over, in most natural processes of infection, the defences come into play in the 
order tissues, lymphatic system, blood stream, and finally reticulo-endothelial 
system. Given, then, an animal whose blood contains an adequate concentration 
of antibody specific for the antigens associated with the virulence of a parasite, 
we must consider whether the concentration of antibody in other tissues is sufiicieiit 
for an effective antibacterial response at any of the stages of invasion we have 
listed. Serum antibodies, whether they result from active or passive immuniza- 
tion, are sooner or later distributed throughout the tissues. They are present 
in tissue fluids and lymph, but only in very low concentrations in cerebrospinal 
fluid (see Sohier and Jaulmes, 1939). 

Thus Pagano (1894), Palloise (1903) and Batelli (1904) found that the concentration of 
hasmolysin was lower in the thoracic lymph than in the blood serum. Hughes and Carlson 
(1908), working with normal dogs, horses and cats, found that the concentration of hemo- 
lysin for rabbit corpuscles formed a descending series, in the order — serum, thoracic lymph, 
neck lymph, pericardial fluid, aqueous humour. Becht and Greer (1910) studied the 
distribution of normal and immune antibodies in dogs. They also studied the rate of 
transference of antibodies from the circulating blood to the tissue fluids after passive im- 
munization by the intravenous route. Their findings with regard to the distribution of 
normal and immune antibodies were in accord with those of Hughes and Carlson. In 
the actively immunized animals they observed a marked rise in the antibody titre of the 
serum, thoracic lymph and neck lymph, the relative concentrations in the different fluids 
maintaining the same order as in the normal animals. After passive immunization, by 
transfusion of blood from an immunized to a normal dog, the characteristic distribution 
of antibodies was established within hours. These findings were confirmed in all 
essentials by Hektoen and Carlson (1910). 

The thoracic duet, however, receives contributions from all the lymphatic channels 
of the body, including those from the liver, whose lymph ordinarily contains a high pro- 
portion of protein, so that the antibody content of thoracic duct lymph may reflect only 
the permeability of the liver capillaries to antibody. Thus Preund and Wliitney (1929) 
injected agglutinins intravenously into rabbits and found that antibodies accumulated 
rapidly in liver lymph, slowly in lymph from the leg. Similarly, Becht and Luckhardt 
(1916) found cervical lymph had a lower concentration than thoracic duct lymph of intra- 
venously injected antibody. In rabbits actively immunized with diphtheria toxoid, 
Takahashi (1936) found 0-67 unit of antitoxin per ml. of blood, and 0*29 unit per ml 
of popliteal lymph. Nevertheless, with the possible exception of locally formed antibody 
(see Chapter 60) the concentration of antibody in tissue fluids and lymph, like that of 
other serum proteins, tends to be comparatively low. Thus in rabbits actively immunized 
with the virus of equine encephalomyelitis, the ratio of antibody titres in blood and brain 
tissue was found to be 120 : 1 (Morgan et al 1942). In most cases the tissue antibodies 
are undetectable by direct titration of extracts (see, for example, Porattini 193/, Sedaliian, 
Jourdan and Ciavel 1938). With the onset of an inflammatory reaction, however, the 
greatly increased permeability of the capillaries and the lymphatics permits the exudation 
of antibody-containing plasma into the tissue spaces, and its drainage into the lymphatic 
channels. The concentration of antibody attained in the exudate varies with the nature 
and age of the inflammatory lesion (see, for example. Pox 1936) hut in some cases it may 
equal that in the blood (see Pinland 1932, Miles and Miles 1943). 

The beneficial effects of this simple response may be reduced in a number of ways. 
The invading parasite may proliferate within the tissue cells (see Chapters 44 and 55) 
or it may be ingested by phagocytes. In both cases it will be protected from antibody 
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and other antibacterial substances in the blood. Thus Rous and Jones (1910) found 
that intraleucocytic typhoid baoiUi were protected against antibody and against potassium 
cyanide ; and similarly, Rothergill, Chandler and Dingle (1937) demonstrated that virulent 
influenza bacilli in the phagocytes of patients suffering from H. injluenzce meningitis 
were insusceptible to the action of specific antibacterial serum. 

It is possible, too, that the capillaries may not permit the passage of the antibody 
molecule. The question arises particularly in the use of antipneuniococcal horse sera, 
in which the antibody has a molecular weight of the order of 900,000, as compared with 
150,000 for a normal serum globuhn. It has been shown that rabbit antipneuniococcal 
sera are more efficacious than horse antisera in experimental, and to some extent, in 
natural pneumococcal infections, and the effect has been ascribed in part to the greater 
penetrative power of the small rabbit antibody molecule (Horsfall, Goodner, McLeod and 
Harris 1937, Horsfall 1938). Haviland and McManus (1941), on the other hand, could 
find no difference in the diffusibihty of rabbit and horse antibody into the inflamed pleural 
cavity of rabbits, but their inflammatory agent w’as a severe irritant and presumably 
induced maximum permeability in the blood capillaries. 

The availability of tissue antibody is of paramount importance in the serum 
treatment of established infection. If exudation has already occurred in the 
inflamed region, then antibody introduced into the circulation will pass through 
the capillary walls with difficulty, owing to the hydrostatic pressure of the exudate 
already present in the tissues ; in any event the antibody will be diluted in the 
existing exudate (Miles and Miles 1943) ; and the formation of extensive interstitial 
clots and intravascular thrombi (see Menkin above), or of dense and relatively 
avascular reacting tissue, may also prevent access of antibody to the infective 
lesion (see, for example, Kempf and Nungester 1939). Phenomena of this nature 
may also account in part for the therapeutic failure of antitoxin administered 
late in the course of a disease. In Chapter 46 we suggested that the failure might 
be due to a pharmacological inaccessibility of the toxin to antitoxin ; but a 
mechanical inaccessibility is equally possible. 

The availabihty of antibody in the tissues w’as studied along rather different lines 
by Priedemann and his colleagues. Priedemann and Zuger (1939a) observed that 
intradermal diphtheria toxin was fully neutralized in guinea-pigs already immunized 
with antitoxin, and that there was a hnear relation between dose of toxin and dose of 
antitoxin. After the injection of toxin, neutralization could be achieved by the intra- 
venous injection of antitoxin, but a comparatively much larger dose of antitoxin was 
required. The dose, however, was the same whether the antitoxin was given a few minutes 
after the injection of toxin, or up to four hours before ; from which Priedemann and Zuger 
concluded that equilibrium between tissue and circulating antibody was reached a few 
moments after injection. Proceeding on this assumption, they attempted to measure 
the distribution of antibody between blood and tissue by comparing the concentration 
of antitoxin which neutralizes toxin on direct injection of the two into the tissue, with 
the blood concentration required to protect the tissue against a direct injection of toxin 
alone. In guhiea-pigs the ratio of the two concentrations of antitoxin was about 20 for 
diphtheria and staphylococcal toxins^ given intradermally ; in guinea-pigs and rabbits it 
varied between 50 and 1 for different batches of tetanus toxin given intracerebrally 
(Priedemann, Zuger and Hollander 1939, Priedemann and Zuger 19396 ; see also Priede- 
mann et al. 1944). It is recognized in this work that the ratios depend on the suscepti- 
bihty of the animal tissue to the toxins, and variables of that nature, but the possible 
influence of changes in capillary permeabihty induced by the different toxins is not con- 
sidered. Thus, the data supporting the hypothesis of a rapidly estabHshed equilibrium 
of antibody in blood and tissues are more readily explained on the assumption that the 
diphtheria toxin rendered the skin capillaries permeable for at least four hours, and, up 
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to that timej exudation of circulating antitoxins into the lesion ’;vas sufficient to suppress 
the typical toxic inflammation. Other workers find no evidence of a rapidly established 
distribution. Andersen (1937), for example, found that the antibody content of the skin 
of rabbits passively immunized against vaccinia by the intravenous route w*as rclativelv 
low after one day, and was equal to the blood content after 7 days. 

These ratios, though they are not necessarity measures of the distribution of anti- 
body between blood and tissues in the uninfected animal, are nevertheless indications 
of the magnitude of the antibody levels required in the blood of passively immunized 
animals for a protective effect in the tissues, irrespective of w^hether that protection is 
achieved by antitoxin already in the tissues, or by antitoxin exuding from the blood 
when the capillaries are damaged by the toxin. When we consider the greater com- 
plexity of factors concerned in action of tissue cells and fluids on bacteria, it wdl be clear 
that the blood levels necessary for the suppression of a tissue infection may be much 
higher (see also Fox 1943, Schlesinger, Olitsky and Morgan 1944). 

The Availability of Antibody in the Lymphatic System.— Very little is known 
of the antibacterial effect of antibody in lymph We should expect that the lymph 
from an inflamed and infected region containing antibody would itself contain 
antibody and bacteria. Drinker and his colleagues (Drinker et al. 1935, Field et al 
1937) injected rabbits intravenously with virulent Type III pneumococci. Bacteria 
appeared, sometimes in large numbers, in the thoracic duct and in the cervical 
and leg lymphatics. The intravenous injection of moderate doses of antiserum 
was followed by a clearance of pneumococci from the blood, but not from the 
lymph ; there was in some cases a small reduction of the bacterial content of the 
lymph when large doses of antibody were given. That the lymphatic system, 
which we have seen to be an integral part of the clearing mechanism of the body, 
should be demonstrably inaccessible to the sterilizing action of intravenously 
injected antibody, is a serious defect from the point of view of the serum therapy 
of infective disease, for bacteria in the lymphatic system will re-infect the blood 
stream as rapidly as it is sterilized, and vitiate the benefit conferred by the serum. 
The defect observed in Drinker’s experiments may in part have been due to the 
relative impenetrability of the lymphatic system by the circulating antibody. 
Some antibody was found in the lymph of animals receiving large doses of anti- 
serum, though not in very high titre. But even supposing that the antibody in 
the lymph was sufficient to sensitize any pneumococci present, it does not follow 
that the lymph would have been sterilized, since it contains few phagocytes 
capable of ingesting sensitized bacteria. For example, in heavily infected rabbits 
88-95 per cent, of the lymph cells were lymphocytes, and no polymorphonuclear 
cells were seen. The defect, in fact, appears to be inherent in the animal, and 
not in the mode of serum therapy. 

The Efficacy of Antigen-Antitody Union in vivo. — -Itmust be remembered that the mere 
contact of antibody with bacteria does not necessarily ensure a maximum bactericidal 
effect. As we saw in Chapter 7, many in vitro antigen- antibody reactions take place with, 
maximal effect only when the reactants are present in optimal proportions. In the therapy 
of natural infections by passive immunization, the only reactant we can vary, in quantity 
and quality, is antibody. It is not sufficient to assume that the largest practicable dose 
of antibody will necessarily be most successful. 

Thus Goodner and Horsfall (1936) demonstrated that antipneumococcal horse anti- 
body, which protected mice against virulent Type I pneumococci in a given dose, failed 
to protect in larger doses. In one experiment, pneumococci and serum were introduced 
into the peritoneal cavity of the mice. After four hours, in a mouse that had received 
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04 ml. of serum, there were about 215,000 extrae-olkilar ])neum(Ka>et‘i por ml of exudate, 
and 24 per cent, of all the pneumococci present luul l>eeii inpt^sted b\ i(nico(‘Yies ; in a 
mouse receiving 0 05 ml of the same seriini, th(‘ coiTcsponding iigurc's 1)90 (extra (cellular 
pneumococci, with 97 per cent, of the tot.al pneuinococei ingesii-d. 

As ill antitoxic inmmmty, the firmness of union between jiniigf'n a,nd a!dibo(l\ is of 
considerablo importance m bacterial immunity. N'on-infectlvi' mixtun^s of hactraia and 
homologous antibody will become infective on simple ddution, iiidicaiing, as in analogous 
phenomena with “neutral” toxin- antitoxin mixtures, that sonu‘ dissociation of the 
bacterium-antibody complex takes place. This dilution iiluaionuaion was tirst demon- 
strated for bacteria by Enders and Shaffer (1937) and later by Morris (1949, 1941). The 
union appears to become firmer with the passage of time, for with {)!•< longed (iontact of 
antibody and bacteria the dilute mixtures become less infi'ctive. Sabin (1935) found 
that mixtures of virus and antibody which were iion-infeetivc ior one host givim by one 
route might be infective when given by another route, or u lum givtai to anot-iuu' host, 
and postulated that the dissociation of antigen and antibody varii'd w ith the tissue and 
the animal Morris (1944), taking fresh, complement-containing smaim a,s a ri'preseiitative 
antibacterial tissue, tested its susceptibility to “ infectiiui ” by Saint, lyphi, with and 
without homologous antibody. Various specimens of fresh scaaim waa-e alike in their 
susceptibility to bacilli alone, but varied greatly in suscc])til)ility to mixiiiri's of bacilli 
and antibody. She also observed tivo degrees of antibody action ; a cm an phi, e “ neutraliza- 
tion,” and, with less antibody, a modification of the bacilli tluit delayt'd their growth 
in the complement. The possibiUty of dissociation of antibody and infectiv^c liaclcriiim, 
or of wide variations in susceptibility of tissues to “ neutralizixl ” and partly “ neutralized ” 
bacteria, has an obvious bearing on the problem of variations in the (fificac'.y of antibody 
against bacteria in the different tissues and organs of tbc host, though al» iuM'st'iit we are 
largely ignorant of their significance in the elucidation of immunci proc(‘sst‘.s (sec p. 1239). 

Active Antibacterial Immunization as the Eesult of Infection. 

We may close this chapter by considering what happens when a bacterium 
of moderate virulence obtains access to the tissues of a host that makes a successful 
immunizing response, and so recovers. We will take as an example a disease, 
such as typhoid fever, in which the bacterial parasite gains access to the blood 
stream and so is spread throughout the tissues during the early stages of 
the attack. 

Eig. 247 shows diagrammatically the probable progress of an infection of this 
type. At A is represented the initial phase, during which the bacteria gain access 
through a mucous surface and pass to a regional lymphatic gland. At B the bacteria 
are proliferating in the gland, and there is an intermittent escape of some of them 
into the blood stream. At C these bacteria are shown as collecting in the liver and 
spleen, these organs being taken as examples of tissues rich in reticulo-cndothelial 
cells, and hence concerned in the normal clearing mechanisms of the blood. At J) 
the bacteria are proliferating in those situations in which they have collected during 
the initial phases of infection, which correspond to the incubation period of a clinical 
attack of disease. At E there is a re-invasion of the blood stream from these foci of 
bacterial proliferation, a well-marked bactersemia, and a transport of bacteria to 
other tissues, not previously infected. This corresponds to the phase of clinical 
illness, and, in a fatal case, persists till death. Up to this stage no antibodies have 
appeared in the circulating blood ; but at this point they usually make their 
appearance in cases that recover. At F is represented the phase of clinical recovery. 
The improved clearing mechanism, consequent on an efficient antibody-producing 
response, has terminated the bacteraemic stage ; and we are left with a few scattered 
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foci of infection, in tlie spleen, liver and lymph nodes, and perhaps in other tissues. 
As we have seen, there is reason to believe that the persistence of this state of affairs 
over prolonged periods is consistent with the maintenance of apparent health. 
At Gr is represented the final stage of complete restitution, with the disappearance 
of all infecting bacteria, and the persistence in the tissues or body fluids of protective 
antibodies. It is probable that a proportion of infections may be terminated at 



Tig. 247. 

S = Mucous Surface. L.G. = Regional Lymphatic Glands. L == 

= Other Tissues. B.S. = Blood Stream. Ab.O. == Circulating Antibodies Absent. Ab. + - 

Circulating Antibodies present. ' 

one of the initial stages, A, B, C or D, without ever passing to B, the stage of clinical 
illness ; and there are reasons for believing that such abortive infections, especially 
if repeated, may lead to the acquirement of an effective degree of immunity to 
reinfection. With suitable modifications our diagram could be adapted to other 
bacterial infections, differing in regard to the primary focus of infection and the 
direction and extent of the secondary spread. 
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SVMMARY 

(1) Tlie mecliaiiisni brouglit into play in the removal of bacteria, from tlie tissues 
is, in its main outlines, identical with that employed in the r(‘mo\ al and storage of 
inert particles of the same order of size. 

(2) When large numbers of bacteria are introduced direcdly into the blood 
stream they are in part taken up by the sessile histio(‘y tos in such reticulo-cndothelial 
depots as the liver and the s[)lecn, in part phagocytosed ])y polymorplioiiiiclear cells 
and by macrophages in the lungs, m part llocculatctl into aggregates which are 
filtered off in the lung capillaries and later ])hagocytos('d 

(3) With avirulent bacteria, that have little ])o\ver of multi {ilicaitiori within 
the tissues, this mechanism results in a rapid and penmuumt ch'a,niig of the circula- 
tion. With virulent bacteria an initial ])artial clearing is lollowed by a stage of 
bacterial multiplication in the foci to which the bacteria have been removed, 
resulting in a secondary invasion of the blood stn'am. The fate of the host is 
determined by the balance between this bacterial multiplication and the efficiency 
of the clearing mechanism. With slight ly or moderately virulent, strums there is a 
secondary hactersemia followed by a secondary clearing. With highly virulent 
strains the secondary bactcraBinia increases and the animal dues of an acute septi- 
caemia. Even when secondary clearing occurs, and the animal nunaiiis in apparent 
health, foci of infection may remain in the various histiocyte depots, and living 
bacteria may persist in these situations over long periods of time. 

(4) When bacteria gain access to the body by other routes they are dealt with 
in part by local mechanisms of the same general character as tha,t described under 
(3). The extent to which invasion of the blood stream occurs depends upon the 
anatomy and functional activity of the tissues first invaded, and upon the virulence 
of the invading organism. The blood stream is invaded very rapidly after intra- 
peritoneal inoculation, less rapidly after intramuscular inocidation, and still less 
rapidly after subcutaneous inoculation. In all cases the passage from the primary 
site of infection to the blood stream is mainly by way of the lymphatics, and the 
histiocyte depots in the regional lymphatic glands play a prominent part in the 
removal of the invading bacteria. When relatively avirulent bacteria gain access 
to the tissues at some site from which passage to the blood stream is slow, infection 
may never pass beyond the first line of defence in the regional lymphatic glands, 
hut here, as in the case where a generalized infection has liccome established, 
localized foci of infection may persist over long periods of time. 

(5) In addition to this process of removal by phagocytic cells, a direct bactericidal 
action of the serum plays a part in ridding the tissues of bacteria. The importance 
of this purely humoral immunity appears to differ widely in different bacterial 
infections ; but it is probably always subsidiary to the phagocytic mechanism, and 
is seldom, if ever, the main factor in defence. 

(6) The efficiency of the clearing mechanism of a normal animal may 
increased, ms-h-vis a particular bacterial parasite, by active immunization with i 
killed culture of that particular organism. The immunity so produced is specifi( 
in the serological sense. The actively immunized animal deals with a virulen 
strain of the bacterium against which it has been immunized in the same way as <' 
normal animal deals with an avirulent or slightly virulent strain of the sam 
bacterial species. 

(7) Immunity of this type may be passively transferred by the inoculatio’ 
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into a normal animal of the serum obtained from an animal that has been actively 
immunized. 

(8) The antibodies by which this passive immunity is conferred are those that 
unite with the surface antigens of the virulent bacteria ; and in order to induce 
an effective active antibacterial immunity the immunizing agent employed must 
contain these surface antigens. 

(9) The efhcacy of humoral immunity in any part of the tissues is determined 
in the first place by the existing concentration of antibody on the cells or in the 
tissue fluid, and the availability of circulating antibody; and secondly by the 
presence, in optimal amounts, of the reactants, both fluid and cellular, necessary 
for the various antibacterial reactions of the tissues. It is probable that these 
factors vary widely in the different tissues of the animal body. 

(10) The mechanisms described above come into play during the later stages 
of any bacterial infection that is associated with the development of an anti- 
bacterial immunity. 
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CHAPTRR 48 


THE AGGRESSIVE ACTION OF BACTERIA 

In the preceding chapters we have considered the ways in which bacteria injure 
the tissues of an animal host, and the ways in which the host defends itself against 
attack. In the present chapter we are concerned with certain bacterial products 
which, though not in themselves grossly toxic to the host’s tissues, exert an aggres- 
sive effect in bacterial infections by interfering with the host’s defence mechanisms. 

The available data are, as is so commonly the case, sadly confused by the fact 
that we have been forced to work with the crudest and mo.st complex of reagents. 
The easiest way of disentangling, to some extent, the confused threads of this par- 
ticular problem is to take as our starting-point a series of observations recorded 
by Bail and his colleagues (Bail 1900, 1902-3, 1904a, b, c, 1905, Bail and Pettersson 
1902, 1903, Bail and Weil 1906, 1911, Weil 1905a, h). Working with the anthrax 
bacillus, with organisms of the Pasteurella group, with the cholera vibrio and with 
the typhoid bacillus, they found that exudates produced in experimental animals 
by the inoculation of these bacteria had characteristic properties, which Bail 
attributed to the presence of special bacterial products to which ho gave the name 
aggressiiis ; these aggressins were, he believed, produced in the tissues of the 
infected host, but seldom, if ever, in vitro. 

The properties of aggressins, as described by Bail, may be summarized as 
follows : 

(1) Sub-lethal doses of bacteria are rendered lethal by the addition of aggressins. 

(2) A lethal dose of bacteria, which alone would produce a slowly fatal infection, 
causes a rapidly fatal infection associated with characteristic lesions when aggressins 
are added .to the inoculum. 

(3) The addition of cholera aggressins neutralizes the bactericidal action of 
an anticholera serum, as tested by intraperitoneal injection in the guinea-pig. 

(4) By the injection of aggressins an immunity is produced which is far more 
effective than that produced by the inoculation of bacteria and is different in kind. 
This immunity can be passively transferred. 

According to Bail, the aggressins are not themselves toxic. They produce 
their effects, which are in the main specific, solely by ai ding the rapid multiplica- 
tion of bacteria within the tissues. He states also that they are extremely ther- 
molabile, being completely inactivated by 30 minutes’ exposure to a temperature 
of 55° C. and markedly affected by any temperature above 44° C. 

Bail’s contention, that the results of his experiments required for their inter- 
pretation the assumption of the existence of a hitherto unrecognized bacterial 
product of peculiar importance in infection and immunity and deserving the new 
title of “ aggressin,” did not long remain unchallenged. Wassermann and Citron 
(1907) recorded their reasons for believing that the aggressins were simply products 
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of bactei’idjl giowtb, or of bacterial autolysis, wbicb could be prepared in the test 
tube by suitable methods. Citron (1906) recorded experiments which showed that 
the addition of bacterial extracts to living bacteria increased their virulence ; that 
by the use of such extracts it was possible to immunize animals against experimental 
infection , and that the serum of such immunized animals conferred passive 
immunity on others. Bail and Weil (1906) maintained that the immunity produced 
by Citron with his bacterial extracts was fax less effective than that produced by 
natural aggressins, and that it was different in kind ; though it is not entirely 
clear on what differential criteria they relied in distinguishing anti-aggressin im- 
munity from the varieties previously recognized. 

Boerr (1906) criticized the aggressin theory on somewhat similar grounds, but em- 
phasized particularly the fact that large doses of dead bacilli may cause death in experi- 
mental animals with the lesions described by Bail as characteristic of the aggressin effect. 
He also noted that if sub-lethal doses of killed cultures were added to sub-lethal doses of 
living bacteria the combined inoculum might cause a fatal infection of the aggressive 
type. This additive effect did not appear to he in any way specific, but some killed cultures 
were more effective than others. For instance, dead typhoid or dysentery bacilli were 
more aggressive than dead staphylococci. In addition, Doerr demonstrated that aggressive 
exudates did, in fact, contain ordinary bacterial antigens ; since a typhoid exudate gave 
well-marked precipitation with an ordinary antityphoid serum. 

Sauerbeck (1907) has also criticized Bail’s hypothesis. He concludes, from the results 
of a large series of experiments, that aggressive exudates are not lacking in toxicity, since 
two or three times the amount that produces the characteristic aggressive effect will kill 
an animal within a few days in the absence of living bacteria ; that the activity of a given 
aggressive exudate is in no way proportional to the virulence of the organism that produced 
it, but rather to its toxigenicity ; that characteristic aggressive effects can be produced 
with toxic bacterial products that have been prepared in the test tube ; and that aggressive 
action, whatever its cause, is entirely non-specific. His findings as regards the heat- 
stability of the aggressive bacterial products also differ from Bail’s, since he states that 
they are reduced m potency, but not completely inactivated by heating at temperatures 
between 55° C. and 70° C. 

The detailed studies of Dudgeon (1912) on the properties of exudates obtained 
from natural infections in man and from experimental infections in animals made 
it clear that one of the mechanisms involved in the total aggressin effect was a 
specific anti-opsonic action. 

The method he adopted in the majority of his experiments was as follows. He obtained 
exudates from natural infections in man or from experimental infections in animals. 
The exudate, after the separation of as much material as possible by centrifugation, was 
mixed in a capillary tube with an equal volume of normal serum, or of serum from an 
immunized man or animal. After 1 hour’s incubation at 37° C. leucocytes and bacterial 
suspension were added to each mixture, the tubes were re-incubated for 15 minutes and 
films were prepared from the contents, the degree of phagocytosis being determined in the 
usual way. In control tubes the exudate was replaced by saline. In each case the opsonic 
effect of the scrum, and of the serum-exudate mixture, was determined against the 
bacterium causing the infection and against some related organism. The results shown in 
Table 74; illustrate an effect that was commonly observed. The exudate came from a 
subcutaneous staphylococcal abscess ; the immune serum was from the infected patient ; 
the normal serum was from an uninfected control. The sera and the serum-exudate 
mixtures were tested against the strain of staphylococcus grown from the abscess and 
against a strain of Bact. coli. 
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Mixture. 


I Normal Serum + Saline 
I Immune Serum Saline - 
I Normal Serum -j- Exudate . 
' Immune Serum + Exudate 
] Exudate -f Saline 


The exudate alone had a slight opsonic effect, but it specifically reduced the opsonic 
action of normal or of immune serum on Sta'pli. aureus, leaving unaffected their opsonic 
action on Bad. coU. 

The substances responsible for this specific anti-opsomc effect wore found, in many 
cases at least, to be markedly thermostable. Table 75 shows the effect of adding a 
boiled exudate, obtained from an experimental infection with SaLm. eyiteritidis, to the 
serum of the infected animal. 


Number of liacteria mgcstccl by 
50 Leucocytes. 


Staph, aureus. 

Bact. coli. 

240 

229 

294 

i 203 

139 i 

; 200 

139 1 

237 

61 : 

21 


TABLE 75 



NumLei of Bacteua inL;cbted by 


50 Leucocytes, 

Mixture. 

. 



Salm. enteritidis. 

Bact, coll. 

Serum -f Saline 

248 

130 

Serum + Boiled Exudate 

27 i 

1 

102 


In further experiments Dudgeon submitted exudates to boiling, removed the coagulum 
by centrifugation, added excess of alcohol to the clear supernatant fluid, collected the 
precipitate by centrifugation, and redissolved it in saline. The preparation so obtained 
still showed specific anti- opsonic action. 

These results bore an obvious analogy to an earlier series of observations (Dudgeon, 
Panton and Wilson 1909-1910, 1910—1911), Extracts were prepared from various 
bacteria by grinding or by alternate freezing and thawing, and these extracts were shown 
to have a specific anti-opsonic effect. The anti-opsonic substances were markedly thermo- 
stable, remaining active after boiling for 30 minutes. A considerable series of control 
tests showed that they had no direct action on the leucocytes. 

In addition to these heat-stable specifi.c anti-opsonio substances. Dudgeon 
found that many infective exudates contained directly toxic substances, as judged 
by injection into experimental animals. In this respect, however, tliey varied 
widely, according to the infecting bacterium. It may be noted that certain highly 
toxic exudates, such as those obtained in experimental infections with 8 aim. enteri- 
tidis, retained their toxicity after boiling. 

Further light has been thrown on the probable nature of the anti-opsonic sub- 
stances in aggressive exudates during the prolonged and detailed study of the 
factors involved in antipneumococcal immunity. 

Eosenow (1907) found that extracts or autolysates of virulent pneumococci had the 
power of inhibitmg the phagocytosis of relatively avirulent pneumococci, and he suggested 
the name virulins for the active substances concerned. 
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Cole (1917) observed that empyema fluids from pneumococcal infections contained 
soluble substances which specifically neutralized the protective antibodies in an antipneu- 
mococoal serum, and that similar substances might be present in the blood of rabbits 
suffering from experimental pneumococcal infection. He showed that, when an anti- 
pneumococcal serum was injected intravenously into a rabbit previously infected with 
the same type of pneumococcus, the protective antibodies disappeared very rapidly from 
the blood, and that a similar phenomenon could be demonstrated in patients severely ill 
with lobar pneumonia. 

The more recent studies on the antigenic components of bacterial cells that 
we have outlined in Chapter 8, and the demonstration that sensitization to the 
phagocytic action of polymorphonuclear cells and macrpphages depends upon 
the union of antibody with an antigenic component situated at the surface of 
the bacterial cell, offer the obvious suggestion that the substances responsible 
for the specific anti-opsonic effects of aggressive exudates are dissolved bacterial 
antigens. Landsteiner’s demonstration of the inhibition of antigen-antibody 
reactions by simple haptens (see pp. 256-258), and the in vitro reactions of specific 
bacterial polysaccharides that fail to stimulate antibody production in vivo, indicate 
that bacterial haptens, as well as complete antigens, may be expected to exert 
this anti-opsonic effect. 

There is good evidence that this is actually the case. Sia (1926) has studied the action 
of the type-specific polysaccharides of Type II and Type III pneumococci on the growth 
of these organisms in serum-leucocyte mixtures from the rabbit and from the cat. The 
pneumococci were of relatively low virulence and developed very poorly in either of the 
serum-leucocyte mixtures employed. The addition of minute amounts of Type II poly- 
saccharide greatly increased the growth of Type II pneumococci, but had little effect on 
the growth of the Type III organisms. The addition of minute amounts of Type III 
polysaccharide greatly increased the growth of Type III pneumococci, hut not of Type II. 

Felton and Bailey ( 1926) have demonstrated the aggressive ^action of Type II poly- 
saccharide by injecting it into mice together with relatively avirulent pneumococci of the 
same type, and inducing a fatal infection. Type I polysaccharide had analogous effects 
(Ward 1930), Ward and Enders (1933) demonstrated that the anti-bactericidal effect 
was due to the specific inhibition of phagocytosis. The anti-phagocytic action of the 
Type I polysaccharide as prepared in the laboratory was not so pronounced as that of 
Type II and Type III polysaccharides. Nor was it as pronounced as that of extracts 
of pneumonic lungs infected with Type I pneumococcus (Ward 1932). The discrepancy 
was later resolved by the discovery that the polysaccharide preparations, unlike native 
polysaccharide, were not acetylated (see Chapter 8). Acetyl polysaccharide proved to 
be fully anti-opsonic (Enders and Wu 1934). The aggressive effect of the pneumococcal 
polysaccharide, in human infections is suggested by the work of Cole (1917) and Park 
and Cooper (1928), who record that a fatal outcome in cases of lobar pneumonia ni man 
is frequently associated with the presence in the blood of specific soluble antigen in amounts 
greater than can be neutralized by the antibodies that the patient has produced. 

Hownie (1937) observed an aggressin-like effect of Type I pneumococcal polysaccharide. 
Mice immunized with a single dose of polysaccharide were resistant to a given dose 
of Type I pneumococci. If this dose was injected together vdth 0*05 mgm. of the 
same polysaccharide, the immunity was in most cases abolished. Nye and Harris 
(1937) calculated that the specific polysaccharide present in the lungs of certain 
patients dead of pneumococcal pneumonia would have required more than 60 litres 
of a good antiserum to neutralize it, Frisch and his colleagues (1942) have found up 
to 0*033 gm. of polysaccharide per 100 gm. of lung tissue in areas of grey hepatization due to 
Types I, II, VII and VIII pneumococcus, and in 10 cases of Type III pneumococcal 
pneumonia an average of 1*57 gm. per 100 gm., which corresponded to a total lung content 
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01 68 5 gM. of specific polysacclia/ride iii a fatal case. Tins aniouiit is seiologicafiy c (.|i.ii valent 
to 750 tnii. of antibody nitrogen ; even if we suppose that not all of it innst be neutralized 
before some of the antibody is available for a direct antibacterial action, it represents 
a reservoir of ‘‘ aggressin ” in the lesion of sufficient size to account for the failure of serum 
therapy in Type III pneumonia (see Chapter 74). 

The capsular substance of the pneumococcus, besides having an aggi-essive action in 
its soluble form, f.c., combining in the tissues with antibody that otherwise would opsonize 
the living bacteria, is associated to some extent in the intact capsule with the virulence 
of the organism. This association appears to be due in part to the resistance of capsulatcd 
organisms to ingestion, either by phagocytes (Ward and Enders 1933) or by the reticulo- 
endothehal cells of the wffiole animal (Enders, Shaffer and Wu 1936). A similar relation 
between capsular substance and resistance to phagocytosis has been demonstrated in 
hmmoiytic streptococci (Seastone 1934, Lyons and Ward 1935) ; and Lyons (1937) records 
capsulation in young cultures of Staph, aureus associated wfith a greater resistance to 
phagocytosis than that displayed by non-cax3sulated forms. 

The destruction of capsular substance, or inhibition of its formation, by the action 
of enzymes renders bacteria more susceptible to the defence mechanisms. Thus, the 
enzyme specific for the polysaccharide of the Type III pneumococcus is protective against 
infection by virulent Type III pneumococcal infection (Avery and Dub os 1931, Goodner, 
Duhos and Avery 1932), The hyaluronic acid content of the polysaccharide material 
in certain Group A and Group C streptococci (Seastone 1939, 1943, Ivendall, Heidclbergor 
and Daivson 1938) renders them susceptible to the action of hyaluronidase (see Chapter 44). 
Hirst (1941) protected mice infected with Group C, but not those with Group A, by treat- 
ment with leech-extract hyaluronidase. Blundell (1942) found only a feeble protective 
action in bull-testicle hyaluronidase in Group A infections ; and McLean (1942) none at 
all in both Group A and C infections, with doses of enzyme in excess of those required 
for decapsulation of the streptococci in vitro. Kass and Seastone (1944), however, report 
that bull-testicle hyaluronidase increases the bactericidal power of normal blood for 
Group A streptococci, and will protect mice against Group A infection. 

It is possible that the Vi antigen of Balm, typhi (see Chapter 30), which is associated 
with the virulence of the organism, may act analogously to the capsular substances of 
the cocci. It is only one-fiftieth as toxic as the O endotoxin (Henderson and Morgan 
1938) ; nevertheless, intravenous injection of extracts of Vi baciUi greatly reduces the 
protective effect of Vi antisera in mice infected with the living bacilli (Henderson 1939, 
see also Leon and Morales 1943). 

In addition to these dissolved haptens or antigens it is clear that some infective exudates 
will contain other more or less toxic substances of bacterial origin that interfere with the 
defence mechanism of the host. Both Pettersson (1940) and Stevenson and Keed (1940) 
record a negative chemiotactic effect in Staph, aureus ; the substances responsible appeared 
to be distinct from the recognized components of staphylococcal toxin. Pettersson’s 
substance, wMch he calls “ negatactic,” was antigenic, and antisera prepared against 
it had a protective effect in guinea-pigs and mice. Pettersson later (1943) found similar 
negatactic substances, distinct from capsular substances, in B, anthracis and pneumococci. 
The anthrax anti-negatactic sera appeared to act by permitting the infiltration into the 
infected tissue of active phagocytes. The pneumococcal negatactic substances displayed 
some degree of host-specificity ; the phagocytes of man and of the rabbit were susceptible 
to its action, but those of the mouse and guinea-pig were not. 

In some cases, the frank toxins of a bacterium have an undoubted specific 
action on the defence cells of the host. Two pathogenic species, at least, Staph, 
aureus and 8tr. pyogenes, produce a specific leucocidin that attacks the poly- 
morphonuclear cells ,* and, for example, Dennis and Senekjian (1939) report an 
antigenic leucocidin in 8 aim. typhi. We know little as yet with regard to the action 
of bacterial toxins on the cells of the reticulo- endothelial system ; but it is quite 
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probable that we shall find that certain bacterial species are capable of producing 
toxins that have a selective action on the macrophages. 

There are also the bacterial coagulases, fibrinolysins and spreading factors, 
which have been included among the bacterial toxins. It is clear that, in so far 
as they play an active part in the genesis of infection, they might, perhaps with 
better justification, have been described as aggressins. It is possible, too, that 
bacterial })rodncts may have a direct destructive action on protective antibodies. 
Beumer (1938) records that certain toxigenic strains of Staph, aureus were able 
to produce toxin in broth containing antitoxin, a capacity they owed to the elabora- 
tion of a proteolytic enzyme which destroyed the antitoxin. 

In summary : it would seem that we are justified in recognizing the following 
factors as involved, to a varying degree, in the defence rupture that is produced 
by the injection of sterile infective exudates, of dead bacteria, or of bacterial 
extracts, in association with non-lethal doses of living bacilli. 

(1) Dissolved bacterial haptens or antigens, or similar components still attached 
to bacterial protoplasm . These act specifically by uniting with the corresponding 
antibody, and so preventing the effective sensitization of the living bacterial ceils. 
Many of them are thermostable, and many are predominantly polysaccharide in 
nature. These haptens and antigens are usually associated with the virulent 
forms of the bacteria in question, and in some cases are demonstrably derived 
from the bacterial capsule. It is probably only those haptens or antigens that 
are situated at the surface of the bacterial cell that are able to function in this 
way ; since it is the surface components that are concerned in sensitization. 

(2) Bacterial toxins that selectively attach the cells concerned in tissue defence. 
Their action is usually non-specific qua the infecting bacterium, since the injury 
to the phagocytic cells will reduce the efficacy of the defence mechanisms against 
other types of invading bacteria. The nature of the attack on the tissue cells 
ranges from inhibition of phagocytosis to complete destruction of the cell. These 
substances may be either ‘‘ endotoxins ” or ‘‘ exotoxins.” Endotoxins of this 
type, if they characterize the antigenic surface of the bacteria, will clearly have 
a twofold aggressive effect in infective exudates ; a specific neutralization of opsonic 
antibodies and a direct attack on the tissue cells. 

(3) Other toxic bacterial products, bacterial enzymes, fibrmolysins, etc., that may 
act in any of the ways that we have considered in Chapter 41. In many such 
instances the effect may be merely additive — the tissues may have to deal simul- 
taneously with a toxoemia and an invasive infection which have no direct connection 
with one another. In other cases the bacterial toxins, enzymes or hormone-like 
products may interfere with the defence mechanism of the host in various ways. 
In any case such action is probably non-specific in the immunological sense, though 
it is quite likely that a particular bacterial product may favour one t57pe of infection 
more than another. 

To which of these bacterial products, if any, should we attach the Isibel aggressin ? 
There seems little advantage in using it at all ; it describes an effect, not a substance. 
There is, perhaps, something to be said for the term aggressive action, if we can so 
define it as to make it fill a gap in our terminology. It would seem to be most 
usefully employed as indicating an action on the cells or body fluids that is not 
directly injurious, or of which the directly injurious effects are minimal, but which 
so interferes with the defence mechanism of the host as to favour, specifically or 
non-specifically, the multiplication of bacteria within the tissues. 
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Used in this sense, it may be compared with the term defewe rupture, employed 
to describe the action of certain chemical agents such as calcium, silica, and benzene 
(see pp. 1206-1209). 
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CHAPTER 49 


THE NATURAL ANTIBODIES: THEIR NATURE, ORIGIN AND 

BEHAVIOUR 

In the preceding chapters we have discussed the part played by antitoxins and 
antibacterial antibodies in the defence mechanisms of the host. We assumed, in 
that discussion, that these specific antibodies had been produced in response to 
artificial immunization or to natural infection. An adequate survey of any host 
species living under natural conditions will, however, show that many of the in- 
dividuals composing it contain in their blood serum substances that react, in vitro 
and in vivo, in the same way as specifically induced agglutinins, or bactericidins, 
or antitoxins. The frequency of any particular antibody will be found to vary 
widely from one animal species to another, and often from group to group within 
the same species in accordance with age, or with some environmental circumstance. 

The problems that concern us in this chapter are : (a) How do these natural 
antibodies arise ? and (6) what part do they play in determining differences in 
natural immunity ? 

The Natural Antitoxins 

The extensive evidence that we now possess with regard to the origin and 
significance of the natural antitoxins has, for the most part, been obtained in the 
study of two human infections, diphtheria and scarlet fever. It would, perhaps, 
be more natural to consider the relevant data in the chapters dealing with these 
two diseases ; but it would be impossible to discuss our more general problem 
without frequent references to these particular instances, and it will therefore be 
more convenient to set out the evidence here. 

That normal human beings may contain diphtheria antitoxin in their blood 
has long been known (Abel 1894, Wassermann 1895), but no extensive data on the 
distribution of antitoxin among the population at large were collected until after 
the description by Romer (1909) of the convenient intradermal technique for the 
measurement of small amounts of toxin and antitoxin. This was soon followed 
by the studies of Karasawa and Schick (1910), Schick (1911) and von Groer and 
Kassowitz (1915, 1917, 1919), which gave us a fairly detailed knowledge of the 
frequency of the presence of antitoxin among different age groups. The elaboration 
of the Schick test (Michiels and Schick 1913, Schick 1913), in which the presence of 
circulating antitoxin is detected by the insensitiveness of the skin to the intradermal 
injection of a smal] amount of toxin (the negative Schick reaction), has provided 
a still simpler method of detecting the presence of antitoxin above a certain level 
(1/100 to 1/30 unit of antitoxin per ml. of blood). 

The proportion of persons who possess diphtheria antitoxin in the circulating 
blood varies in a striking and characteristic way as we pass from birth through 
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cMdiiood and adolescence to maturity and old age. Table 76 sets out the 
extensive data recorded by Zingher (1923). It will be noted that the percentage 
of positive reactors is tabulated, Le, the percentage that possess less than 0 01-0 03 
units of antitoxin per ml. of blood. 

At about 6 months of age just over half the infants tested react positively to 
the Schick test. The percentage of positive reactors then rises rapidly and between 
8 months and 3 years fluctuates about an average value of approximately 88 per 
cent. After this period there is a continuous fall, at first rapid, then more gradual ; 
between the 6th and 7th year the positive reactors number 50-4 per cent., by 
12-13 they have fallen to 26-6 per cent., by 20-30 to 11*7 per cent., and at the 
allotted three-score years and ten to approximately 5 per cent. 


TABLE 76 

Showing Peecentage of Schick-Positive Reactors {i.e.y Persons containing less than 
0-03 Unit of Diphtheria Antitoxin per ml. of Blood) in Various Age Groups. 


Age Group. 

Number Tested. 

Pei cent I^ositive, 

6-7 months 

53 

56*6 

7-8 „ 

41 

63*4 

8-9 „ 

62 

83 8 

9-10 

58 

93- 1 

10-11 „ 

61 

87-0 

11-12 „ 

34 

9M 

1-3 years 

1,727 

83*2 

4-6 

1,328 

58 6 

6-7 

13,754 

50 4 

7-8 

16,180 

43 5 

8-9 

17,126 

36-6 

9-10 „ 

18,065 

32-2 

10-11 „ 

18,057 

29 3 

11-12 - 

17,994 

1 28-2 

12-13 „ 

16,258 

26-6 

13-14 

14,138 

23-1 

14-15 

9,650 

19-7 

15-16 „ 

4,861 

17-8 

16-17 „ 

369 

18-4 

20-30 „ 

1,253 

: 11-7 

39-40 

1,488 

, 10-6 

40-50 

1,220 

8-2 

50-60 „ 

920 

64 

60-70 „ 

662 

5-4 

Over 70 

181 

5-5 


The Origin of the Natural Antitoxins. 

The most generally accepted view with regard to the succession of immuno- 
logical events that underlie this observed fluctuation in skin-sensitivity to diph- 
theria toxin is^ as follows. At birth the majority of infants are endowed with 
circulating antitoxin which they have acquired passively from their mothers — ■ 
mainly by passage of this antibody through the placental membrane, in part 
perhaps with the colostrum in the early days of suckling. This passive congenital 
imm^ty, like all other types depending on the passive acquirement of antibodies, 
w be relatively short-lived. A careful study of the disappearance of antitoxin 
trom the blood of an infant whose mother was highly immune is recorded by Neill 
and his colleagues (1932). From infancy onwards the child will be exposed to the 
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risk of infection, increasing from year to year during the earlier part of school life 
The result of this exposure will be that some children wUl contract the typical 
disease, while others will escape with mild and atypical infections, or with infections 
so slight that they fall wholly within the bacteriological as opposed to the clinical 
sphere. Bach of these infections will stimulate the production of antitoxin, so 
that there will result a gra'dual process of natural immunization, the transitory 
passive immunity of early infancy being thus replaced, after a period of suscepti- 
bility, by a lasting active immunity. 

This description, it should be noted, is not based on the results of Schick testing alone ; 
it is supported by a considerable body of evidence. Observations carried out by Romers’ 
technique, and particularly the extensive series of observations made by von Groer and 
Kassowitz (1915), have shown clearly that the results of the skin test afford a reliable 
general indication of the frequency of circulating antitoxin in the different age groups. 
Thus 84 per cent, of infants at birth were found to have diphtheria antitoxin in their 
blood in a concentration of 1/200 A.U. or over, at ages 9-18 months the proportion had 
fallen to 32 per cent, and by 2|-3| years to 28 per cent. It then rose steeply and by 
17-18 years was back at the birth figure of 84 per cent. Later work has confirmed this 
picture, particularly the increasing proportion of Schick-negative persons with increasing 
age. The antitoxin blood level associated with the Schick-negative state, however, is 
not constant, some persons being positive with over 0 05 A.U. per ml. of blood, others 
negative with less than 0*005 A.U. per ml. (see Jensen 1933, Parish and Wright 1938). 

There is, moreover, direct evidence that antitoxic immunity to diphtheria in infants 
results from transference of antitoxin from mother to child. Von Groer and Kassowitz 
tested the blood of 143 mothers and their new-born children. In 96 per cent, of cases 
antitoxin was present in both mother and child, or absent in both. Wright and Clark 
(1944), summarizing their own investigations and those of four other observers, found 
agreement in the Schick test of mothers and their infants in 84-85 per cent, of 713 tests. 

Additional evidence of the transference of maternal antitoxins is provided by the 
observations of high antitoxin levels in the blood of infants whose mothers were immunized 
during pregnancy (see Magara 1936, Liebling, Youmans and Schmitz 1941), though in 
this case the possibility of a dii*ect antigenic stimulus to the feetus is less remote than in the 
cases cited above. In some instances discrepancies have been noted between the result 
of the skin test in infancy and the presence of antitoxin in the blood, a proportion of Schick- 
negative infants showing little if any circulating antitoxin (Kellogg 1926-7, Friedberger 
and Heim 1929, OkeU 1932, see also Cooke and Sharma 1932). The Schick-negative state 
may in some cases be due to an insensitivity of the infants’ skins that is independent of 
the presence of antitoxin (Dudley, May and 0’Fl3mn 1934). 

We may note here, although it concerns antibacterial antibodies, that the blood of 
infants of mothers actively immunized with H, pertussis vaccine contains a high level of pro- 
tective antibodies against experimental H. pertussis infections (Cohen and Scadron 1943). 

The mechanism of passive congenital immunity has been studied experimentally in 
animals. Ehrlich (1892), for instance, demonstrated the transference of anti-abrin and 
antiricin from female mice to their young by both the transplacental and mammary routes. 
It would seem that the relative importance of the two routes of transference depends upon 
the number of tissue layers that separate the maternal and foetal circulation in different 
animal species. Table 77, taken from a paper by Mason, Dalling and Gordon (1930) 
sets out this relation in summary form. 

Schneider and Szathmary (1938, 1939, 1940) classified mammals according to the 
presence or absence of four out of a total of seven tissue layers between maternal and 
foetal circulation. The results of them investigations with regard to the transmission of 
diphtheria antitoxin and agglutinins for Salm. typU from maternal to festal blood are, 
however, essentially similar to those. in the table, except that in dogs (i.e,, a carnivore) 
transmission via colostrum was marked, and placental transmission negligible. 
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TABLE 77 

The Relative Imeortance of the Placental and Mammary Roit^’es in the Passive Trans- 
mission OF Antibodies from Mother to Ofesfrinc. (After Mason, Dalhng and Grordon.) 


I 

j Species 

i 

Layers of Tissue 
between Maternal 
and. Foetal 
Ciiculation 

Importance of 
FLicental 
Transmission. 

Importance of 
Transniifasion 
by Colostmin 

i Pig 

5 

— 

4--h-b 

Ruminants 

4 

— 

+ -}- + 

Carnivores 

2 

± 


Rodents, apes, man . 

1 

+ + + j 

-± 


In man, antibody is present in the colostrum and mill?:, though usually in sniali amounts, 
unless the blood antibody levels are high. Immediately after delivery, for example, the 
diphtheria antitoxin content of the milk may bo as high as one -third that in the blood, 
but it drops steeply during the first few days of lactation. Nevertheless, some trans- 
mission via the milk appears to take place (Sugg 1935, Magara 1936). Mice difiFer from 
other rodents in the table in that the mammary route appears in some cases to be more 
important than the placental. Thus, a higher degree of milk transmission of antibodies 
has been demonstrated experimentally in mice infected with herpes virus (Berrj^ and 
Slavin 1943) and with Tryj^anosoma duttoni (Culbertson 1940). 

Before considering the significance of the findings in the later age groups we 
may note that the distribution of scarlatinal antitoxin among the different age 
groups, as judged by the Dick test, appears to be essentially similar to that of 
diphtheria antitoxin. Table 78 gives the results obtained by Zingher (1924) in 
testing 7,700 persons. 

TABLE 78 


Percentaqe of Positive Dick Reactions in Different Age Groups (Zinoheb).' 






— 

Age Group. 



Number of 

Persons Tested. 

Per cent. Positive. 

0-6 months .... 



29 

44-8 

6-12 „ .... 



52 

65-3 

1-2 jmars 



233 

71 6 

^3 



204 

64-2 

1 3~4 



241 

60-5 

1 4-5 „ 



264 

48-4 

1 5-10 „ 



1,955 

33*6 

, 10-15 „ 



2,965 

22-8 

1 15-20 „ 



981 

16*8 

1 Over 20 

1 



776 

14*4 


It would seem that a negative Dick test during the first few months of life is as likely 
to be due to an insusceptibility of the infant skin to scarlatinal toxin as to the presence of 
antitoxin in the blood and tissue fluids. Cooke and others ( 1927, 1928) tested 200 mothers 
and their offspring. The results confirmed the rarity of positive Dick reactions in new-horn 
infants ; hut the mothers of some of the negatively-reacting infants reacted positively, 
and some of the infants had no detectable antitoxin in their blood. When tested six weeks 

infants were usually found to have become Dick-positive, 
whfle later still they became Dick-negative again. This reversion to the Dick-negative 
state was always associated with the appearance of antitoxin in the circulating blood. 
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A number of workers have recorded antistreptolysin in Mgh titre in the blood of new- 
born infants, apparently derived from the mother. Though its significance is not clear it 
should be noted that these infant titres are sometimes found to be consistently liigher than 
those in the maternal blood (see Plummer 1938, Gordon and Janney 1941). 

Eeturning to the course of events from infancy onwards, are we justified in 
accepting the view that the acquirement of antitoxic immunity with increasing 
age is entirely due to natural active immunization resulting from the reception 
from without of specific stimuli in the shape of clinical or subclinical infections ? 
This hypothesis has certainly not been placed beyond dispute. It has indeed been 
vigorously disputed, particularly by Hirszfeld (1926) and his colleagues. 

Hirszfeld believes that all the normal antibodies should be regarded as “ biochemical 
organs,” with which the individual is endowed as the result of his evolutionary history. 
These “ biochemical organs ” ripen, or come to maturity, at different periods in his own 
individual development ; just as the various organs and tissues of the body come to full 
maturity at different ages. As we speak of a “morphogenesis” through which each 
individual passes, so we should think of a “ serogenesis ” which forms an integral part of 
normal development. The time at which any particular antibody normally makes its 
appearance may he regarded as the period of “ immunological crisis ” for that particular 
antibody, and marks the establishment of a “ biochemical reflex ” on which the production 
of that antibody depends. Until the biochemical reflex has become established attempts 
at immunization with the particular antigen concerned will have little effect. Hirszfeld 
does not deny that specific, or non-specific, stimuM from without may play some part 
in accelerating the production of particular antibodies, or in increasing their concentration ; 
but he would relegate such influences to a very secondary place. He would not regard 
the presence in the blood stream of antibodies acting on a particular bacterium as valid 
evidence of past or present infection with the bacterium in question. Above all, he would 
not accept the view that the antibody-forming apparatus is a tabula rasa, on which environ- 
mental stimuli can write at will. It is a complex mechanism with its possible activities 
fixed and ordered by the phylogeny of each animal species ; and it will therefore respond 
to the appropriate stimuli and to no others. 

It will be simpler to discuss the more general aspects of Hirszfeld’s views when we 
have dealt with the origin of antibacterial sensitizers, and to confine our immediate attention 
to antitoxic immunity, noting in passing that the problem is in no sense a purely academic 
one but has important bearings on many problems of diagnosis and prevention. 

Perhaps the most significant data, supporting Hirszfeld’s contention, are to be found 
in observations (Hirszfeld, Hirszfeld and Brokman 1924, Hirszfeld and Hirszfeld 1927) 
which suggest a linkage between the inheritance of the power to produce antitoxin and the 
power to produce the iso-agglutinins which determine the human blood-groups (see p. 1087). 
From these records Hirszfeld draws the following conclusions. When both parents are 
Schick-negative the children will be ScHck-negative, except during the first few years of life. 
When both parents are Schick-positive the children will be Schick-positive, and will remain 
so throughout life. When one parent is Schick-negative and the other Schick-positive the 
children who belong to the same blood-group as the Schick-negative parent tend to be 
Schick-negative, those who belong to the same blood-group as the Schick-positive parent 
tend to be Schick -positive (see also Tamaki et al. 1936). The validity of these observations 
has, however, been questioned by Rosling (1928), who examined 50 children over one 
year of age whose parents belonged to different blood-groups and reacted differently to 
the Schick test. He found that 23 children gave the same Schick reaction as the parent 
to whose blood-group they belonged, while 27 reacted differently. 

A negative is notoriously difificnlt to prove j and we cannot assert that no child 
lias ever developed diphtheria antitoxin except in response to the specific stirmilus 
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provided by diphtheria toxin. We can, however, study the frequency of negative 
and positive Schick reactors in different samples of the population, and correlate 
our findings with the history of exposure to infection, so far as such a history is 
obtainable. If we find that free or frequent exposure to infection is consistently 
associated with a high percentage of negative reactors, while population groups 
that have been relatively free from any risk of infection show a notably low per- 
centage of negative reactors, we shall be inclined to attach great importance to 
the part played by environmental stimuli, and to be a little sceptical as to the 
occurrence of spontaneous antitoxin production. The same holds, of course, in 
antiscarlatinal immunity and the Dick test. 

Zingher (1923) noted that the proportion of Schick-positive children in different New 
York schools fluctuated very widely (14 62-70*13 per cent.), and that the schools with the 
highest percentage of positive reactors were those attended by the children of the more 
fortunate classes, who would have been less likely to have contracted the infection during 
early life, while a low percentage of positive reactors was found in schools attended by 
children of the poorer classes, and particularly in orphan asylums. The effect of institu- 
tionalism on the frequency of the Dick reaction is similar. Table 79 gives a series of 
observations recorded by Dyer and others (1926). Anderson (1943) reports a striking 
variation in the percentages of Schick-positive children according to their past experience 
of the disease : in the course of an extensive survey he found that 30*6 per cent, of children 
with a history of diphtheria, and 26*6 per cent, of children with a history of contact with 
diphtheria patients, were Schick-positive, while the corresponding rate in children with 
no history of the disease or contact with it was 90*9 per cent. 


TABLE 79 

Percextaqe or Dick-Positive Chilbrex in Certain Schools in Washington. (After 

Dyer, Caton and Sockrider.) 


School. 

Age in Years. 

No. Tested. 

Per cent. Positive. 

Suburban ...... 

3-15 

75 

77 3 

Suburban 

.6-15 

59 

74*5 

33 Rural Schools .... 

4-21 

1,147 

72*5 

33 Rural Schools .... 

6-15 

1,039 

73-6 

I Episcopal Home . . , . ! 

6-15 

47 

38 3 

! Orphan Asylum .... 

3-14 

80 

32*5 

j Orphan Asylum .... 

5-15 

148 

8*1 


We might hope to obtain data of the same kind by comparing the frequency 
of Schick-positive reactions in ^ countries where diphtheria is common with their 
frequency in countries where it is rare ; but the presence or absence of a particular 
disease among native races, and especially among their children, is less easy to 
determine than might be supposed, and such evidence as we have is conflicting. 

Smits (1926) states that diphtheria is a very rare disease among the natives in the 
Dutch Indies, and it might therefore be expected that a high proportion of the native 
population would give a positive Schick reaction. This, he found, was not the case. 
Among 600 Javanese natives positive results were obtained in only 2 per cent, of the men 
and 8 per cent, of the women, while 41 per cent, of the children reacted positively. If 
the statement of the rarity of diphtheria could be accepted, this striking decrease in the 
proportions of Schick-positives with age would clearly support the view that antitoxin 
may be elaborated in the absence of any external specific stimulus. Kirschner (1929), 
however, records a detailed study of the prevalence of diphtheria in the Preanger district 
of Java during the period 192X-27, and notes the great increase in the number of recorded 
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cases which, followed the provision of facilities for bacteriological diagnosis in 1923. He 
produces evidence that the disease is an important cause of mortality among native children 
and that a mild form is relatively common. We cannot, therefore, accept the findings 
with regard to the Schick tost as supplying valid evidence in support of Hirszfeld’s views. 

Smits’ observations do not stand alone. Hcinhecker and Irvine- Jones (1928) performed 
Schick tests on 49 Eskimos ; only 12 gave positive reactions, and of these II were under 
12 years of ago. Antitoxin was demonstrated in some of the negative reactors. Yet 
diphtheria is said to be unknown among the Eskimos. 

Kleine and Kroo (1930) tested 101 East African natives hy the Schick reaction ; 95 of 
those were children between the ages of 6 and 15, the remaining 6 were adults. ' In no 
case was a positive reaction obtained. The toxin employed was subsequently retested 
and found to have lost none of its activity. Specimens of serum were obtained from 
11 of the natives and tested for antitoxin ; 10 of these contained antitoxin in considerable 
amount (0*05 A.U. to more than 1 A.U. per ml.). It is clear therefore that the East African 
native frequently forms diphtheria antitoxin early in life ; yet, according to Kleine and 
Kroo, this population is not, so far as is known, exposed to infection with diphtheria. (See 
also Parr and Avery 1926-27, Parr, Goodale and lOrschner 1930.) 

Grasset and his colleagues ( 1933) record a high frequency of natural diphtheria immunity 
among the Bantu of South Africa, as judged both by Schick tests and antitoxin titrations. 
They note, however, the occurrence of diphtheria among the populations concerned, and 
adopt without question the view that the antitoxin has been produced in response to 
infection. Murray (1943) provides more definite evidence. Among the Johannesburg 
Bantu clinical diphtheria was rare, but, as Grasset found in Ms series, the Schick-positive 
rate was low. In rural school children it was 8 0 per cent, and in urban children 13-7 per 
cent. The corresponding carrier rates of virulent diphtheria bacLlh were 1-8 per cent, 
in the urban, and 3-2 per cent, in the rural ; and though the Schick-positive rates and 
the carriers did not vary together, immunization was associated with the presence of 
carriers among the children. It is noteworthy that there was little clinical diphtheria 
among these Bantu children, as compared with white children in the same district, among 
whom a similar carrier rate was associated only with an epidemic of diphtheria ; no bacilli 
wore found in their throats in non-epidemic periods. Murray (1942) concludes that environ- 
mental conditions were in part responsible for the high level of antitoxic immunity of 
the Bantu, and that the absence of cHnical diphtheria in spite of the relatively high carrier 
rate was due to an ability, perhaps racially determined, to produce antitoxin quickly 
in response to the specific antigenic stimulus (see Black 1934). 

In only a few other instances do such surveys include a record of the carrier rate of diph- 
theria bacilli, or of haemolytic streptococci, among the population concerned. Wells (1933), 
records a study of the Schick reactions of central and polar Eskimos, m which a proportion 
of tests were confirmed by antitoxin titrations, and throat swabs were obtained from all 
persons examined. He reports the frequent presence of bacilli morphologically resembling 
G. di'plithericB, and states that four strains gave the typical fermentation reactions, and one 
strain showed some degree of virulence. These findings clearly tend to throw doubt 
on the significance of the observations recorded hy Heinbecker and Irvine- Jones (1928), 
but it can hardly be said that the presence of toxigenic diphtheria bacilH was established 
with certainty. 

A study hy Asbelew and Margo (1932) of the ScMck and Dick reactions of 103 of the 250 
inhabitants of the Arctic island of Kolgujew is very difficult to reconcile with the Durcliseit- 
chung hypothesis— the view that antitoxin is produced only or mainly as the result of 
infection. With the exception of one girl of 8 years all persons examined were Schick- 
negative, and with the exception of one doubtful case all were Dick-negative. The antitoxin 
content of the blood was unfortunately not determined. Diphtheria and scarlet fever had 
never been reported on the island. Swahs were obtained from the throats of 168 persons, 
and from the noses of 93. Ko diphtheria bacilli were isolated, and hsemolytic streptococci 
were found in only four swabs. 
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There is great need of further studies in which full bacteriological andiininunological 
tests are carried out on isolated or semi-isolated populations. 

Although it is not complete, in this particular sense, the obscuwations of Diingal (1032) 
on diphthena in Reykjavik are particularly instructive. From 1926 onwards diphtheria has 
been very rare, not only in Reykjavik but in Iceland as a whole ; but in the preceding years 
there was a moderate prevalence, reaching its peak in Reykjavik in 1921 with an attack 
rate of 6-9 per 1,000, and subsiding rapidly during the following 5 years. In December ] 931 
and during the early months of 1932 Dungal tested 814 school children in Reykjavik between 
the ages of 8 and 14 years. Of these, 81*9 per cent, gave a positive Schick reaction, a 
figure differing widely from that recorded in cities such as New York or London, where 
diphtheria is endemic. Still more significant, the curve describing the development of 
Schick immunity with age was of a very different kind. There was a trivial rise in the 
proportion of negative reactors from 13*97 per cent, in the 8-year age group to 17*24 per 
cent, in the 11 -year age group ; but there was a sudden rise to 26*36 per cent, among the 
12-year-olds, and a further rise to 37*50 per cent, at 13 years. This clearly corresponds with 
the inclusion of children who had experienced the epidemic prevalence of 1921 and the 



Fig. 248. 


neighbouring years. Fig. 248, reproduced from DungaFs paper, illustrates these facts 
very plainly. Such an experience as this is clearly a weighty piece of evidence in favour 
of the dominant role played by latent infection in the stimulation of antitoxin production. 

The senii-isolated population of Reykjavik provides yet another indication of the role 
of latent infection. Siguxjonsson (1939) noted that the duration of immunity foUowing 
the immunization of children in the 7—13 year age group, estimated by the percentage 
of reversions from the Schick-negative to the Schick-positive rate during a four-year 
period, was much shorter than that in European children, though similar antigens were 
used m both cases. The European figures, however, were obtained from communities 
in which diphtheria was prevalent, whereas there was no cHnical diphtheria in Reykjavik 
dm-ing the period of observation. The European immunity, it appears, was maintained 
by the continued stimulus of latent infections ; in Reykjavik, where the risk of latent 
infection was minimal, the immunity declined more quickly. 

^ One point^ of interest arises in the association of antitoxic immunity with carrier rates 
in a commumty, namely, the relation of avirulent strains of 0. dipMherice to the immune 
state. By definition (see Chapter 61) the avirulent baoiUus is non-toxigenic, and pre- 
sumably IS mcapable of inducing an antUoxic immunity. The ratio of avirulent to virulent 
strains isolated varies from one community to another. Emmerson (1941) records a ratio 
as high as 13*5 : 1 m South Africa, and Forbes (1932) a ratio as low as 1 : 2 in London. 
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The lower ratios are usually found in white children living in relatively temperate con- 
ditions (Chasoii 1936, Gill 1940, Grossman 1940) and the higher with tropical conditions 
(Vardoii 1923, Gomez and Navarro 1923) ; though IMurray (1943) found ratios of 1 : 1 
and 25:1 m South African Bantu, ^dlllG Stebbins (1940) in New York State records 
23 avimleiit and no virulent strains in 1,800 children, of whom one-third ivere Schick- 
negative. We may regard these strains either as capable of producing minute but immun- 
izing amounts of toxin and consequently of inducing a Schick-negative state in the carrier ; 
or, as the experiments of Erolnsher and Parsons (1943) on the immunization of rabbits 
with aviriilent strains suggest, as inducing a useful anti-endotoxic immunity wAich may 
indirectly stimulate the increased production of antitoxin in subjects subsequently exposed 
to toxigenic bacilli. The high iiroportion of avirulents in some communities^ may, as 
Dudley (1929) has suggested, indicate a close adaptation hetw^een C. dipJiiherim and a 
population with a high level of immunity. 

Taking the evidence from isolated, or semi-isolated, populations as a whole it 
can hardly be said to tell decisively for, or against, the Burchseuchung hypothesis. 
Its balance will depend, for each of ns, on the particular records that inspire ns 
with most confidence. 

Another very instructive way in which we may obtain evidence with regard to 
the influence of environment on antitoxin production is to study the rate of change 
from the Schick-positive to the Schick-negative state under different conditions. 

A good example is given by Zingher (1923), who records the percentage of S chick- 
positive children in different age groups among the inmates of a particular institution, 
dividing them into those who had been resident there for more or less than 3 months. 
The figures are set out in Table 80. The numbers examined in some of the groups 
were small so that the corresponding percentages must be accepted with caution ; but there 
can be no doubt as to the significance of the marked difference between the recently admitted 
inmates and the older inhabitants. The institutional environment had clearly induced a 
swing from positive to negative reactiveness, with a velocity far higher than could be 
accounted for by changing age. 

TABLE 80 


Pekcbntage of Cjiildben giving Positive Schick Reactions among those who had eesided 
IN A Oeetain Institution, { a ) For more than 3 Months, and { h ) Foe less than 3 Months, 
ACCORDING TO Age Group. (After Zingher.) 



Age Group. 

Over 3 Months. 

j 

Under 3 Months. j 

1 

4-5 

years 

23*8 

66-6 

5-6 

27-3 

33-3 : 

6-7 


17*0 

43-0 i 

7-8 


13-9 

43-7 I 

8-9 


4*6 

33-3 

9-10 


8*8 

9-0 i 

10-11 


1-6 

33-3 1 

11-12 

- 

50 

25-0 1 


Perhaps the most conclusive evidence of the effect of environment and infection is pro- 
Yided by such studies as those of Dudley (1923, 1926), who observed a small semi-isolated 
community of boys through a period of several years during -which it was visited by three 
■waves of diphtheria. By testing the Schick reactions at different periods he was able to 
demonstrate a wave of antitoxic immmiization associated -with each wave of disease. 

During an extensive study of the relation of Dick reactivity to the prevalence of scarlet 
fever in Roumania, Sohwentker, Janney and Gordon (1943) could find httle evidence that 
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the acquisition of Str. pijogenes in the throat, or of mfection with Sir. pyogenes other than 
clinical scarlet fever, had any effect on the rate of change from the Dick-positivc to the 
Diek-negative state. A similar rate of change, characterized by a slow incjrease in the 
earlier age groups, and a rapid increase with increasing age up to 20 years, was observed 
in a number of village communities, irrespective of the presence of scarlet fever (though 
ill some cases an epidemic was followed by a general dimmntion in the jierceiitage of negative 
reactors) and of other streptococcal infections. There was clearly an association between 
maturity and the acquisition of the Dick-negative state, but it was not clear how far latent 
infections could he altogether excluded as a contributory factor. 

There is no doubt at all that the frequency of Schick and Dick reactors in any 
population or community in which diphtheria and scarlet fever are prevalent is 
determined very largely by the degree of exposure to infection ; and active immun- 
ization certainly plays a large part in natural antitoxin production under such 
conditions. It seems unlikely that antitoxin wonld be produced in the entire 
absence of such specific stimuli ; but we are not in a position to deny this possibility. 

It is of some interest to note that numerous observers have recorded the prc'.sence of 
diphtheria antitoxin in the blood of normal horses. kSordelli (1020) found antitoxin in the 
blood of horses under 9 months old, presumably resulting from passive congenital im- 
munization. No horse between 1 and 5 years of age possessed antitoxin, but the blood 
of all horses over 10 years of ago contained detectable amounts. Gleimy (1925) found 
0*1 A.U. or more per ml. in 70 per cent, of horses over 7 years of age tested between the 
years 1907 and 1915, but in only 35 per cent, of those tested after 1917. He suggests 
that this difference may be due to the greatly lessened concentration of horses in towns 
during the later period, and a resulting diminution in the risk of itifection. Leinetayer 
and de Dietrich (1936) record that no antitoxin was found in the blood of horses kept 
mainly at grass in a stud farm, whereas a fair proportion of stabled horses in surrounding 
farms, and from 50-70 per cent, of military horses, were positive. Ramon, Richou and 
others (1936) studied a number of immunized horses, and found that antitoxins were 
present only for those toxins of which the animals might reasonably be supposed to have 
had experience ; t.e., the tests were positive for antitoxins of C. ovis^ C, (Jiphtherice and 
Staph, aureus, but not for anti-abrin or for the antitoxin to viper venom. A few well- 
documented instances are on record showing that horses are liable to natural infection 
with diphtheria bacilli. In most cases the organisms have been isolated from superficial 
wounds (Mmett 1922, Ivliewe and Westhues 1925, Parish and Okoil 1926) ; only in a few 
instances have they been demonstrated in the throat (Cobbott 1899, Ramon 1925, Zuruk- 
zoglu and Miindel 1935a, b). We have, however, no adequate evidence with regard to the 
frequency of such infections, so that we cannot tell whether the presence of antitoxin in 
the blood, as recorded by Gienny, can reasonably be attributed to external stimuli of this 
kind. 

Natural staphylococcal antitoxin is found in the blood of guinea-pigs. The role 
of exposure to environment in the stimulation of antitoxin was studied by Ramon and 
Richou (1936), who found that 77 per cent, of guinea-pigs kept in stables had a serum- 
content between 0-1 and 20 international units per ml. ; while the corresponding figure 
for guinea-pigs kept in open fields was 5 per cent. They later showed that guinea-pigs, 
kept in contact with guinea-pigs with a high natural antitoxin content, themselves 
developed a high content, in contrast to segregated control guinea-pigs, which developed 
no antitoxin (Ramon, Richou and Djourichitch 1936). 

The Inmnniological Significance of the Natural Antitoxins. 

Whatever the mechanism of their production, there is no doubt that the natural 
antitoxins confer on their possessors a significant degree of immunity. Direct 
experimental evidence is, of necessity, scanty ; but so far as it goes it is demon- 
strative. 
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Guthrie, Marshall and Moss (1921) collected 8 volunteers and deteruimed their reaction 
to the Schick test ; 4 reacted positively and 4 negatively (including 2 pseudo-reactions). 
The throat of each of these 8 volunteers was swabbed with a virulent culture of the diph- 
theria bacillus. The four positive reactors developed clinical diphtheria ; the 4 negative 
reactors, possessing natural antitoxin at or above the Schick- immune level, developed no 
illness, though 3 of them became carriers. 

The main body of evidence on which we rely in concluding that natural antitoxin 
confers natural immunity has, however, been collected during the course of ex- 
tensive clinical and epidemiological studies on diphtheria and scarlet fever (see 
Chapters 61 and 66). There is no doubt that a person whose blood contains 
antitoxin at or above the Schick-immunity level is far less likely to contract diph- 
theria than a Schick-positive person. If he does so, the attack will often be mild 
and will seldom prove fatal. The nature of the evidence that associates natural 
antitoxin immunity with effective resistance to scarlatinal infection is of the same 
general kind as in the case of diphtheria. 

The Natural Antibacterial Antibodies 

It has long been known that there are naturally occurring agglutinins, bacteri- 
cidins and other sensitizing antibodies, just as there are naturally occurring anti- 
toxins ; but the ground that has been surveyed in the two cases is rather different. 
We have seen that our knowledge of the distribution and mode of origin of the 
natural antitoxins is, in the main, derived from the study of diphtheria and scarlet 
fever in man. Our knowledge of the distribution and mode of origin of the anti- 
bacterial sensitizers is, in the main, derived from studies on their occurrence in 
different species of animals. 

One of the earliest studies of this kind was recorded by Burgi (1907). He tested sera 
from the dog, guinea-pig, rabbit, goose, hen, sheep, goat, horse, ox and man against sus^Jcn- 
sions of various bacteria, including F. choleroe, Balm, iyphi, Bad. coU, Past, aviseptica. 
Staph, aureus and Proteus vulgaris, and noted well-marked agglutination in many instances, 
often to a relatively high titre. He found, however, that the various sera tended to be 
arranged in very much the same order of activity, against whichever species of organism 
they were tested ; and, in further experiments, that this order was in general maintained 
when the sera were tested for their ability to flocculate suspensions of mastic. 

Gibson ( 1930) carried out similar experiments with sera from the ox, rabbit, guinea- 
pig, horse, sheep, pig, rat, cat and man, tested against Proteus A 19, Ps. pyocyanea, 
Salm. typhi, Salm. paratyphi A, Salm. paratyphi B, Salm. enteritidis, Sh. flexneri, Sh. 
shigm, Proteus morgani, Bad. friedldnderi, several strains of Bad. coU, and V. choleras. 
He found, as Biirgi had done, that the sera tested tended to fall in a definite order with 
regard to their power of agglutinating a wide variety of bacteria. Ox sera were the most 
active ; pig and horse sera were somewhat less active ; sheep serum was next in order ; 
while human, cat, rabbit and guinea-pig sera, in that succession, showed progressively 
weaker effects. Rat serum was the weakest of aU. Similarly the different bacterial 
species showed a definite order of sensitivity to agglutination. Sh. fiexneri. Bad. fried- 
landeri and Ps. pyocyanea were the most sensitive, while certain strains of Bad. coli 
were least sensitive. By absorption experiments, Gibson was able to show that this 
agglutination was dependent on the presence of specific antibodies ; but since any one 
organism, in addition to removing completely the specific agglutinin acting on itself, might 
reduce the titre of the serum for other organisms, and a similar general reduction in titre 
might be produced by adsorption with some non-specific agent such as charcoal, he con- 
cluded that another non-specific serum constituent was concerned in the full effect obtained 
with the untreated sera. In later experiments (Gibson 1932), in which the H and 0 
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antigens and antibodies were differentiated, he obtained results ^sugoosttug that the 
specificity was due mainly to the H agglutinins, wliilc the O agglutitiiiis for any one bacte- 
rium might be greatly reduced, by absorption with an antigcnically unrelated, organism. 

Timmerman (1930) tested sera from the guinea-pig, rabbit-, hare, goai-, sheep, buffalo 
and man against 8alm. typlii and Avas able to demonstrate the presence ol both somatic 
(0) and fiagollar (H) agglutinins in one or more specimens of scrum from each species, 
except in the case of the guinea-pig, in Avhich 2 of 20 animals shoA\nd O but no H agglutinins. 

Lovell (1932) tested the sera of 202 normal swine, 23 cattle, 40 sheep and 20 horses 
for flagellar agglutinins against 7 different types of salmonella baculli. Normal agglutinins 
ac^ainst one or more of these types were present in 190 swine, 13 cattle, 36 sheep and 18 
horses, usually to relatively low titre. Absorption experiments inditjated that these 
agglutinins were in most cases specific. In further studies (Lovell 1034) ho tested the sera 
of 263 normal SAviiie, 163 cattle, 71 sheep, 40 horses and 40 rabbits for H and O agglutinins 
against Balm, typlii-murmm, Salm, newport, 8alm. cholercc-sids and 8(d)n. cnlcriiidis. The 
great majority of the pig, cattle, sheep and horse sera showed tlio pi'osoiico of flagellar 
agglutinins for some, or all, of these species. A rather smaller, and more variable, propor- 
tion showed the presence of somatic agglutinins. As in the earlier study, absorption tests 
gave clear indication of specificity, though in some instances there Av^ero minor degrees of 
cross-absorption. The rabbit sera seldom showed the presence either of flagellar or somatic 
agglutinins. Mackie and Emkelstein (1930, 1931, 1932) (see also Fmkclstcin 1933) have 
tested the serum of a number of normal animals, such as the ox, sheep, liorse, pig, rabbit, 
rat, cat, gumea-pig, pigeon and man, against a variety of bacteria, including V. cliolercBy 
Salm, typhi and othov members of the Salmonella group, dysentery bacilli, pro tens bacilli, 
influenza baciUi, Br, abortus, Br. melitensis, meningococci and so on. They have also 
(Mackie et al. 1932) tested the bactericidal action of whole blood and of scrum- leucocyte 
mixtures. They were able to demonstrate complement fixation and bactericidal action 
in a large number of cases, and to shoAv that the bactericidal effect dei:>cnded on the joint 
action of complement and a heat-stable factor that could be removed by absorption. This 
absorption was specific, in the sense that it was often possible to demonstrate the removal 
of bactericidal power against the absorbing organism while the absorbed serum Avas still 
bactericidal for other bacteria. 

Gordon and Carter (1932) record results which lead them to a different conclusion. 
Testing rabbit and guinea-pig sera against cholera vibrios, typhoid and other salmonella 
bacilli, and dysentery bacilli, they were able to demonstrate a Avell- marked bactericidal 
action that depended on the interaction of complement and some heat- stable factor; 
but they failed to demonstrate any specific absorption of the latter. Their results suggested 
that the bactericidal activity against the less sensitive organisms could be removed by 
absorption wfith many different bacteria, leaving in each case an effective residuum of 
bactericidal action against those organisms, such as the cholera vibrio and the dysentery 
bacillus, that are particularly sensitive to serum lysis. Gordon and Johnstone (1940) 
later demonstrated a certain degree of specificity in normal rabbit, guinea-pig and human 
sera, in that, though absorption by heavy suspensions of one bacterium reduced the 
bactericidal power for a number of unrelated organisms, there was a much greater reduc- 
tion of bactericidal power for the absorbing bacterium. They suggested as a possible 
alternative to the hypothesis of strain-specific antibodies, a specific alteration of a general 
bactericidal antibody during the process of exposure to the “ absorbing ” organism. 

To summarize these findings : the serum of most normal animals contains 
substances that react with bacteria in the test-tube giving agglutination, comple- 
ment fixation and bacteriolysis (bactericidal action). The sera of some animals, 
such as pigs and cattle, seem to react with a wider variety of bacteria than do the 
sera of other animals, such as the rabbit and guinea-pig. Different species of 
bacteria also vary in their sensitiveness to normal sera. Some species are agglu- 
tinated, or lysed, by normal serum from many different animals, others are sensitive 
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only to a few. The specificity of the flagellar agglutinins in normal sera seems to 
have been clearly established, and the evidence is definitely in favour of the speci- 
ficity of some, at least, of the agglutinins acting on the antigens at the surface of 
the bacterial cells. ' These agglutinins, flagellar and somatic, are, it should be noted, 
usually present in low titre only (1 : 5-1 : 40 or thereabouts). The evidence with 
regard to the specifiicity of the bactericidal antibodies is more conflicting ; but 
results indicating specificity have been recorded, and if somatic agglutinins are 
present we should expect them to exert a bactericidal action in the presence of 
complement. 

In view of the divergence of evidence and opinion referred to above, it may 
be well to discuss this question of specificity a little more fully. The conclusion 
that the natural antibacterial sensitizers are specific does not, of course, imply 
any particular hypothesis as to their mode of origin ; it assumes only that they 
unite with certain bacteria because of a chemical affinity conferred by certain 
specific combining groups. 

We need not, therefore, assume that the natural antibodies are in all cases 
identical with those induced by active immunization. A '' natural ” antibody 
and an immune ’’ antibody, both acting on the same bacterium, must each possess 
chemical groupings with a specific affinity for groupings borne by the bacterium ; 
but, if the natural antibody has arisen in some way other than in response to infection 
with the actual bacterium concerned, it is quite possible that the chemical corre- 
spondence between its active groupings and those on the bacterial surface will be 
less close than in the case of an antibody produced in response to infection or 
artificial immunization. There are certain experimental findings that are in accord 
with such a possibility. It is, for instance, a very general experience that some, 
at least, of the “ natural ’’ antibodies require, for their removal from a serum, an 
absorbing dose of bacteria very much larger than that required for the removal 
of the same amount of an immune ’’ antibody. 

If we adopted this view we should, expect that the antibacterial antibodies 
demonstrable in any random sample of a human or animal population would be of 
two kinds, those arising as the result of infection with the bacterium on which they 
act, and those arising in some other way. This brings us directly to the question 
of their origin under natural conditions. 

Some Examples of Natural Agglutinins. 

It is, of course, well established that certain kinds of “ natural antibodies ” are 
produced in the absence of any environmental stimulus, and in accordance with 
definite genetic laws. 

The best example is perhaps provided by the isohsemagglutinins that divide 
mankind into different blood-groups. 

Landsteiner (1901) distinguished the principal blood-groups into which the human 
race may he divided, and showed that this grouping depends, in the main, on the dis- 
tribution of two different antigenic constituents, which may be present together, or 
separately, or may both be absent. There are two corresponding antibodies, and these 
are so distributed that neither antibody is present in the blood of an individual whose 
red cells contain the corresponding antigen. Ty determining the antigens present in any 
sample of blood it is therefore possible to assign it to its correct group. Two ways^ of 
numbering the four main blood groups were devised (Jansky 1908, Moss 1910), which 
in the past led to confusion. The terminology of the groups adapted from that of von 
Dungern and Hirzfeld (1910-11) is to be preferred. The antigens are referred to by a 
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capital letter, the antibodies by Greek letters, and the blood group to which an individual 
belongs is conveniently named according to the presence or absence of t he A and B antigens. 
The constituent factors of the four groups can then be set out a,s folio w's : 

Antigens . . . • • ^ ^ ^ 

Antibodies . . • • • P ^ 

The serum of a Group 0 blood will agglutinate the corpuscdcs ol (noups A, !> and AB, 
for it contains the antibodies a and p ; but the corpuscles of this group will not be agglutin- 
ated by the serum of any group, since they contain neither of the antigens A and B. A 
person belonging to this group is a ^‘universal donor” ; his blood can be transferred 
with safety to any recipient, but he can only receive with safety the blood of a person 
belonging to the same group as himself. The interactions of the other groups will be 
obvious, and it will be noted that a member of Group A can receive blood from Groups 
0 and A, a member of Group B from Groups O and B, while a luemher of Group AB can 
receive blood from any group, since his serum contains no antibodies, but can donate 
blood only to a member of his own group. It should be noted that there is an antigen 
characterizing Group 0 cells, but the occurrence in human sera of antibodies sjiecific for 
0 is extremely rare. The blood cells of man are also characterized by one, or both, of 
two antigens M and N (Landsteiner and Levine 192S) but, as with the O aiitigcui, naturally 
occurring antibodies to M and N are exceedingly rare. Recently Landsteiner and Wiener 
(1940, 1941) discovered that the sera of rabbits immunized by the erythrocytes of the 
rhesus monkey would agglutinate those of certain human subjects, and added the Rh 
antigens to the list of antigens already characterizing the human erythrocyte. The 
presence or absence of these antigenic components, and of the various subgroups that 
have been described, is determined genetically according to Mendeliari principles ; the 
A, B and 0 antigens form one system, in which A and B are dominant to O (Hirzfeld 
1926, Bernstein 1924) ; the M and 11 form a second (Landsteiner and Levine 1928) and 
the Rh antigens a third, in which the presence of Rh is dominant to its absence (Wiener 
1942, Race and Taylor 1943, Race, Taylor et al. 1943, Race 1944). 

This brief description does not include some minor antigens present in certain blood 
cells and must necessarily ignore the far-reaching developments in genetics, in the pathology 
of blood diseases and in immunochemistry, that have arisen from Landstcincr’s original 
discovery. We are concerned here with the relation of certain antigens to the presence 
of antibodies in the blood. The presence of two antibodies, the a and ft agglutinins, is 
either genetically determined, or is dependent on some other genetically determined factor 
such as absence of the corresponding antigens in the red cells of the blood. 

The Rh antigen is of particular interest. Unhke the A and B, and like the O, M and 
N antigens, its presence in the cell is not invariably associated with the absence in the 
serum of corresponding antibodies. In certain circumstances, in fact, it is antigenic 
in man j and the conditions in which it is able to immunize man, and the consequences 
of that immunity, are highly instructive from the immunological point of view. Among 
British and white American people, about 85 per cent, of the population are Rh-positive, 
the remainder Rh-negative. If an Rh-negative woman mates with an Rh-positive man, 
the fcEtal erythrocytes may he Rh-positive, and in a certaiu number of cases, depending 
perhaps on the condition of the placenta, the Rh antigens of the feetus are transferred to 
the mother, and induce the formation of Rh-agglutinins. Towards the end of pregnancy, 
these agglutinins appear in the circulation of the feetus, and, uniting with the foetal erythro- 
cytes, sensitize them to lysis, in a mamier analogous with the sensitization, let us say, of 
Group A cells transfused into a Group B person with natural a agglutinins in his serum. 
The resulting destruction of the red cells may lead to the death of the foetus and abortion, 
or the birth of an infant with the syndrome known as erythroblastosis foetalis (Levine. 
Burnham, Katzin and Vogel 1941, Levine, Katzin and Burnham 1941, Boorman, Dodd 
and MoUison 1942). We have here a clear-cut example of the absorption of antigens 
through the uterus, and of the placental transmission of maternal antibodies. The Rh 
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antibody may also be transmitted by the colostrum. There is clearly a difference between 
the action of maternal Rh-agglutinins and the maternal cc and ^ agglutinins, for it is only 
rarely that marked blood destruction occurs in infants of the A, B, or AB groups whose 
mother’s blood contains corresponding natural agglutinins. We may postulate a selective 
transmission of Bh, but not a or agglutinins, or that the infants are in some wa3- insus- 
ceptible to a and agglutinins. The second explanation seems more likely to be correct. 
It has been suggested that the ceUs of the infant are protected from a and ^ agglutinins 
of the mother by water-soluble Group A or B substances which are present in the tissues 
and body fluids of the infant, and which unite with any maternal agglutinins that reach 
the foetus. It is known that in the majority of persons, the group A and B substances of 
the red cell are also present in the tissue fluids ; they have been found, for example, in urine 
(Yosida 1928), gastric juice (Witebsky and Klendshoj 1940), saliva (Landsteiner and 
Harte 1941) and in the secretions of pseudomucinous ovarian cysts (Morgan and van 
Heyningen 1944). The Rh substance, on the other hand, is confined largely to the erythro- 
cytes (Levine and Katzin 1941, Wiener and Borer 1941) and to the foetal tissue cells 
(Boorman and Dodd 1943), but is not present in the tissue fluids, and, as a result, is 
not available for the neutralization of maternal Rh-aggiutinins. (For a fuU discussion, 
see Levine 1943). The effect of A and B substances is analogous in one respect with that 
postulated in Chapter 48 for the aggressive action of bacteria ; in the one case the soluble 
bacterial antigens neutralize antibacterial antibody, and so protect the bacterial cell from 
opsonization, and in the other, soluble erythrocyte antigens protect the red ceh from 
specific sensitization to lysis 

In addition to these isoagglutinins and isolysins — antibodies acting on the 
corpuscles of other individuals within the same species — the sera of all animal 
species that have been examined have been found to contain antibodies acting 
on the red cells of certain other animal species. The kind, number and activity of 
these antibodies vary from one species to another in the same way as the bacterial 
sensitizers described earlier in this chapter. The pioneer researches of Ehrlich and 
Morgenroth (1899, 1900a, h) established quite clearly, by means of absorption tests, 
the specificity of the antibodies concerned. 

Forssman and Related Antibodies. 

In this connection and because it has a direct bearing on the problem with w^hich 
we are mainly concerned — the origin and nature of the natural antibacterial sensitizers 
— brief reference must be made to an antigen-antibody reaction of a curious and interesting 
kind which was first described by Forssman (1911), who observed that the injection into 
rabbits of organs obtained from the guinea-pig, or from certain other animals, led to the 
production of hsemolysin for sheep’s red corpuscles. These observations have been con- 
firmed and extended by many subsequent workers (see Taniguebi 1919-20, 1921, 1922, 
Browning 1931) ; and itjs now kiiown that the so-called lietero'pJiile or Forssman antigen, 
which is responsible for this reaction, is widely distributed among different animal species, and 
in a curiously random fashion. Thus the organs of the guinea-pig, horse, dog, cat, mouse, 
fowl and tortoise stimulate the production of heterophile antibody when injected into the 
rabbit, while the organs of man, rabbit, ox, sheep, rat, goose, pigeon, eel and frog do not. 
The organs and tissues that have been examined with regard to the presence or absence 
of heterophile antigen include kidney, liver, Inng, adrenal, testicle, heart, skeletal muscles, 
lymph glands and serum, though not all of these have been tested in the ease of each 
of the species enumerated above. It is noteworthy that the organs of the sheep, freed of 
all red corpuscles, do not stimulate the production of heterophile antibody ; and in general 
it appears that those species that contain heterophile antigen in their red corpuscles do 
not contain it in their tissues, at least in the full and effective antigenic £orm| 
f It soon became clear, from absorption experiments of the usual type, that the hsemo- 
lysin produced by the rabbit in response to the injection of guinea-pig’s kidney was not 
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identical with that produced in response to injection with sheep^s wirpusclcs. Tiie lianno- 
lytic serum in the latter case contains a mixture of hcemolysins, only one of which 
corresponds to the heterophile antigen. 

It should be noted that only animals of the rabbit type— those not containing hetero- 
phile antigen in their tissues— are capable of producing heterophile antibody in response 
to the injection of guinea-pig’s kidney or other suitable tissue. It is also of particular 
mterest from our present point of view that certain normal antibodies arc of the heterophile 
type— for instance, the natural hemolysin for sheep’s red cells that is found in the serum 
of rabbit and man (Friedemann 1917).\ In the case of human serum, this reaction may 
depend on the a iso agglutinin, for, as Schiff and Adelsberger (1924a, h) showed, there is 
a close antigenic relation between the heterophile antigen and the Group A substance. 

I The constitution of the heterophile antigen appears to vary with the organism in 
which it is found. According to earlier workers (Iwai 1917, Georgi 1919, Taniguchi 1921) 
the specific component (hapten) is associated with lipoid constituents of the tissues, especi- 
ally the alcohol-soluble “ lecithin ” fraction. The heterophile antibody, in addition to 
acting as a hsemolj^sin for sheep cells, forms a precipitate and fixes complement when 
mixed with an emulsion of these lecithin fractions of tissues containing heterophile antigen. 
The lipoid extracts are not antigenic, but can be made so by mixing with a suitable protein, 
the resulting antisera containing both heterophile antibodies and antibodies specific for 
the protein used (Landstemer and Simms 1923). These haptens wnre apparently lipopoly- 
saccharide in natur^(Landstemer and Levine 1925, 1927 ; but see also Renaux and Thomas 
1942). 

The human Group A substance, which in pure form is a non-antigenic hapten, has 
proved to be a viscous substance made up of polysaccharide units, partly hexose, partly 
N-acetylglucosamine, and a number of amino-acids (Goebel 1938, Landsteincr and Harte 
1940, 1941, Morgan and Kmg 1943, King and Morgan 1944). As we have indicated in 
Chapter 8, a number of bacteria contain the Forssman antigen or substances immuno- 
logicaUy related to it. In Sh. shigee, the Forssman hapten is associated wdth the Hpo- 
polysaccharide moiety of the somatic antigen (Meyer and Morgan 1935, Meyer 1938, 
Morgan and Partridge 1940). As Morgan showed, the hapten from Sh, shigee is not anti- 
genic, but can be made so by reunion with the protein moiety of the antigen (see p. 261). 
The Group A substance can m the same way be made powerfully antigenic by union with 
this Sh, shigee protein ; and the resulting antigen, like the complete antigen of Sh. shigee, 
stimulates the production of heterophile antibodies. This interesting demonstration, 
together with that of Landsteiner and Simms (1923)^suggests a means whereby heterophile 
antigenic properties might be acquired by certain organisms, and suggests the underlying 
mechanism of a phenomenon observed by Holtman (1939), who induced the formation 
of heterophile antigens in Salm. tyjphi and Salm. paratyphi B, by prolonged sub cultivation 
on media containing Forssman antigen (horse serum) or by growth in collodion sacs 
implanted in the peritoneal cavity of guinea-pigs. This phenomenon makes it clear, at all 
events, that the cultural history of bacterial antigens employed may be of great importance 
in the investigation of heterophile antigens ; and the demonstration that bacteria acquire 
Forssman antigens by contact wdth animal tissue, as Holtman points out, may have 
some bearing on the fact that the bacteria which are known to contain Forssman antigens 
are for the most part parasitic and may as a species have acquired the antigen by contact 
with the host’s tissues | 

I The Forssman antigen of the pneumococcus is also related to a somatic antigen, but 
not, as in Sh. shigee, to the dominant antigen of the virulent organism. The more recent 
investigations of Goebel and his coheagues (Goebel and Adams 1943, Goebel, Shed- 
ovsky et al. 1943) indicate that it is a lipopolysaccharide, containing a high molecular 
weight fatty acid, an acetylated amino sugar and a second hexose. The polysaccharide 
IS closely related to, if not identical with, the somatic C ” polysaccharide of the pneumo- 
coccus described by Tillett, Goebel and Avery (1930). It is noteworthy that an antibody 
to this C substance appears in the serum of patients in the acute febrile stage of infection 
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with pneumococci and a nurabc of other ba cteria (Tillett and Praiicis 1930, Ash 1933, 
Francis and Abernethy 1934, Abernethy and Francis 1937). The same kind of antibody 
can be induced in Macacus monkeys by infection with pneumococci, but not in rabbits 
or mice (Abernethy 1937). The antibody or C-reactive protein,” is unusual in many 
respects. It appears rapidly in the serum of the infected animal and develops with the 
inflammatory reaction, whether pneumococcal or otherwise ; it persists only dm-mg the 
activity of the lesion, and in pneumonia disappears before the crisis ; it precipitates with 
the C polysaccharide only in the presence of calcium ions, and is precipitated from serum 
by salts along with the albumin fraction (Abernethy and Avery 1941) ; it is antigenic, 
and antigenically distinct from the normal proteins of human or monkey sera, though 
the C-reactive proteins of man and monkey are antigenically similar (MacLeod and Averv 
1941) ; and in the electrophoretic tube it migrates neither with albumin nor the and 
y-globuhns, but is an apparently new type of protein migrating with the a-giobulins (Perl- 
man, Bullow-a and Goodkind 1943). This antibody, the “ C-reactive ” protein, is similar 
to one found by Ldfstrdm (1939, 1942, 1943, 1944), in human sera, w^Mch agglutinated 
with, and induced a capsular swelling reaction in, certain pneumococcal types. Its 
.relation to heterophile antibodies is not clear. Lofstrom found that it was formed in the 
acute stages of non-infectious disease in which there was marked tissue destruction, and 
was able to induce its appearance by the injection, for example, of coUoidal sulphur.! 

In the C-reactive protein we have therefore an example of an antibody-like substance 
w^hich at first sight appeared to he specifically induced by an antigenic component of a 
bacterium, with which it reacted in an apparently orthodox manner, but whose production 
was found on analysis to be conditioned by the species of animal, and by a number of 
non-specific stimuli, including bacterial infections. It at least provides a firm factual 
basis for a hypothesis of a natural antibody formation which is independent of stimuH by 
the kind of antigens we have discussed in Chapter 7, and w^hich may be independent of 
the mechanism of antibody-formation discussed in Chapter 50. 

We may note that heterophile antigens and antibodies other than those of the Forss- 
man type occui* in animal tissues. Thus Deicher (1926) records that the injection of 
horse serum into man induces the formation of agglutinins not only for sheep erythrocytes, 
but also for those of the rabbit, which contain no Forssman antigen. The distinction of 
these agglutinins from Forssman antibody was confirmed by Schiff (1937) 'who demon- 
strated them in man following injection of rabbit serum, which also contams no Forssman 
antigen. There appeared to be two antigens concerned, one specific for rabbit erythro- 
cytes, the other shared with those of the sheep, horse and ox. Grana (1944) records similar 
antibodies in patients with hydatid cysts, who have been iujected with hydatid fluid. 
Brown (1943) found an additional thermolabile antigen in mouse tissues distinct from, 
but related to, the Forssman antigen. (For a discussion of an apparently heterophile 
antibody of yet another type, which characterizes the serum of patients with infectious 
mononucleosis, see Bernstein 1940). 

Age and Natural Antibody Production. 

W© may note that normal hsemolysins and hsemagglutiuins are absent from the blood 
of very young animals, and are developed during the process of normal growth (Hirszfeld 
1926, Friedberger, Bock and Fiirstenheim 1929). The same is apparently true of the 
natural antibacterial agglutinins (Ejcaus and Low 1899, Liidke 1905, Braun 1909, Gibson 
1930 ; see also Mackie and Finkelstein 1928, 1930). Both Bywosoh (1907) and Sherman 
(1919) noted that the normal heemagglutinins of the fowl did not appear in the chick 
embryo until the twenty -first day, though Bywosch observed lysins of Bact, coli as early 
as the fourteenth day. In this connection it may be noted that Polk, Buddingh and 
Goodpasture (1938) could find no complement in the chick embryo. It appeared sud- 
denly in the newly hatched chicken, and gradually increased with age. Observations 
made by Bailey (1923) add a point of considerable significance. He also noted the absence 
of normal hsemagglutinins in the young chick, and their appearance during the normal 
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process of growth, but he also found that chickens failed to respond to imniimization 
with foreign red cells until they had spontaneously developed some agglutinating capacity, 
a The inability of the antibody -forming apparatus to respond elfectively to an antigenic 
stimulus during the earliest period of life w^ould seem to be a general rule. Thus, Blum 
(1932) and others have noted the failure of young infants to produce diphtheria antitoxin 
in response to the injection of toxoid. The antibody response of young rabbits to the 
injection of bacteria, erythrocytes, or of soluble protein antigens is poor (Freund 1930). 
Baumgartner (1934) found that production of agglutinins to Salm. enteritidis given intra- 
venously to rabbits was not maximal until maturity was reached. The response in 50-day- 
old rabbits was poor, and moderate at 70 days, o It is also noteworthy that antibody from 
the younger animals had a lesser “ avidity ” than that from the mature rabbit. 
Baumgartner (1937) later observed a similar age difference in the response to ovalbumin, 
and showed that the combining power of the precipitins produced increased %vith the 
age of the immunized animal. 

In Chapter 7 we have given reasons for believing that antibodies are specialized sermn 
globulins. It is therefore of particular interest to find that the serum of new-born animals 
is markedly deficient in globulin, particularly in euglobulin, that this deficiency is tempor- 
arily made good in certain species by the transfer of globulin from mother to young in the 
colostrum, and that the capacity for producing euglobulin from its own tissues is developed 
by the young animal at a later stage of growth (Toyama 1919, Howe 1922, Lewis and Wells 
1922). Both Jameson, Alvarez-Tostado and Sortor (1942) and Poison (1943) record 
striking changes in the serum proteins of calves and horses after birth, as determined by 
electrophoretic analysis. Poison records an increase in protein concentration from 3*7 
per cent, at birth, to 5*25 per cent, after 5 days’ suckling. At 8 months the concentration 
was 6-8 per cent. At birth the predominant protein was albumin (65 per cent.) and the 
remainder mainly a-globulin. The j8- and y-globulins, with which, it will be remembered 
(Chapter 7), antibodies are associated, were absent, or present only in small quantities 
at birth, increased rapidly in the nursing period, and at 8 months together constituted 50 
per cent, of the serum proteins. The appearance of the natural antibodies and the increase 
in serum globulin are closely correlated with one another (see Famulener 1912). Orcutt 
and Howe (1922) have observed the passage of natural agglutinins for Br. abortus from a 
cow to her calf in the globulins of the colostrunf ; and Timmerman (1931) has demon- 
strated the presence of agglutinins for the typhoid bacillus in human colostrum during 
the first 5 days of suckling. 

Little is known of any association between genetic constitution and natural antibacterial 
antibodies. Irwin and Bell (1935) bred two lines of rabbits, one of high, the other of low 
resistance to Br. suis, and found that resistance was correlated with the bactericidal power 
of whole blood for the organism. The lethal power of the blood depended on the presence 
of bacteriotropins, which were specific for Br, suis in that they had little effect on Br, 
abortus or Salm, enteritidis ; but the evidence does not permit us to decide whether it 
was the production of bacteriotropins, or a readier response to latent immunization by 
antigens identical with or similar to those of Br, suis, that was genetically determined. 

The Origia of the Natural Autibacterial Antibodies. 

I It is clear, therefore, that during the normal course of its development, any 
animal will produce a number of natural “ antibodies ” differentiated from one 
another in possessing different specific combining groups. Some, like the oc and ^ 
agglutinins in human sera, are formed as the result of an internal physiological 
disposition of the animal, and others in response to an external environmental 
stimulus, which we may or may not be able to attribute to a known antigenic 
substance.! 

The acceptance of the view that some of the natural antibodies that act on 
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bacteria may arise during the normal production of serum proteins, simply because 
of an accidental chemical affinity between certain of these proteins and certain 
bacterial antigens, does not involve the assumption that this is the usual method 
of production. It is much more likely that environmental stimuli play an im- 
portant part. The most obvious of such stimuli is that provided by natural infection 
with the bacteria on which the natural antibodies are found to act. How does 
this conception of their origin accord with the available evidence ? 

If we turn back to the observations of Biirgi, of Gibson, and of Lovell on normal 
agglutinins we at once meet with a difficulty. Can we really believe that such 
animals as the ox and the pig are infected during their relatively short lives with 
such a variety of organisms as Proteus Z19, Salm. typU, Balm, paratyjphi A, Balm. 
faratyRhi B, Salm. enteritidis, Sh. flexneri, Bh. sJiigcB, V. cholercB, and, doubtless, 
a host of other pathogenic organisms that are absent from the list only because 
they have never been tested ? We need not indeed postulate manifest infections. 
It is sufficient at some time or another for the animal to have carried the organism, 
presumably in the alimentary tract. Even so, so wide a bacterial experience 
seems unlikely, simply because we are not used to recognizing the carrier state 
for such a multiplicity of pathogenic species. It is, however, possible that oxen 
and pigs are in fact carriers of these organisms but that our cultural techniques 
are inadequate for their detection. Von Bunza (1937), for example, found Salm. 
suipestifer in none of 149 healthy pigs whose faeces he tested by orthodox methods 
of cultivation. Nevertheless, by a special technique, he was able to demonstrate 
its presence in 34 of the pigs. , 

But even if by the most fruitful methods of cultivation we were still unable 
to demonstrate the presence of bacteria corresponding to these antibodies, there 
is still the possibility that the stimulus was provided by the antigens of dead 
bacteria, or by materials containing a similar antigen. In defining an antigen we 
excluded administration by the digestive tract when demanding that it should give 
rise to the production of antibodies on injection into a suitable animal, because the 
antigen might be chemically altered while in the digestive tract, and we should in 
any case have no assurance that it would pass from the intestine into tbe tissues in 
an active form. I But recent studies on oral immunization have made it clear that 
the antigenic components of dead bacterial cells do, in some cases at least, pass 
from the intestines to the tissues and stimulate antibody formation.) It is at 
least possible that among the unlimited variety of other antigenic materials which 
gain access to the intestinal tract, some, under favourable conditions, may behave 
in the same way. Were this the case, there would be little cause for surprise if 
some few of the multiplicity of reactive groupings produced by an antibody-forming 
apparatus subjected to an infinite succession of widely varied stimuli should happen 
to show affinities to the antigenic groupings of certain species of bacteria. Nor 
need we limit the possibilities to the intestinal tract, j There is good evidence 
that inhalation of antigenic material may result in an effective antibody response ; 
and under suitable conditions similar material may gain access to the tissues through 
the skin.t 

|In a final analysis, antigenic specificity depends on chemical structure, and 
as we have seen in Chapter 8, widely different materials may have antigenic deter- 
minants in common. { The fact that we discover natural antibodies by the use 
of a suspension of a bacterium in which we are interested does not necessarily 
indicate that they were formed in response to that bacterium.y We know some- 
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thing of the detailed antigenic structure of certain groups of closely related bacteria 
but little with regard to the possible sharing of antigenic groups by biologically 
disparate species of living organisms. We must, then, accept the possibility that 
the antibodies which we detect in the blood of a high proportion of animals of a 
particular species, and which act specifically on bacteria A, B and (1, may have 
been produced in response to infection with some other organisms, X, Y and Z. 
Lovell (1934) explored this possibility in the case of the natural agglutinins of 
young swine, and found in two instances that coliform bacilli isolated from the 
mesenteric glands induced, on injection into rabbits, the formation of agglutinins 
acting on certain bacilli of the Salmonella group. Later work has shown that 
the salmonella antigens are not uncommon among the coliform bacilli (see 
Chapter 30). 

Ingalls (1937) records another instructive example. She found that the sera 
of normal adult rabbits contained agglutinins for a number of organisms present 
in the intestines and for other bacteria, including the pathogenic species, SJi. shigce. 
The SL shigce agglutinins were found to be identical with those for a normal 
inhabitant of the rabbit’s intestines, an enterococcus, which apparently had a 
hapten in common with Sh. shigce. 

We have noted that antibodies of this type often show certain peculiarities. 
They tend to he present in low titre, and they tend to be very difficult to remove 
by absorption with the bacteria on which they act. So far as these particular anti- 
bodies are concerned the evidence appears to us to be definitely against the view 
that they are produced in response to natural infection. 

This conclusion does not, however, apply to natural antibodies in general. 
Though the greater part of the evidence hearing on this problena has been obtained 
by studies of the kind outlined above, some of it has emerged from surveys of the 
normal antibodies present in the sera of human groups, living under difierent 
environmental conditions. Thus Silverthorne (1936) determined the nasopharyn- 
geal carriage of meningococci in a group of human subjects, and found a high 
degree of correlation between the bactericidal capacity of the blood for meningo- 
cocci, and their presence in the nasopharynx. It has sometimes been possible to 
correlate the results of such surveys with the associated epidemiological records, 
as in the studies on the distribution of diphtheria, or scarlatinal antitoxin referred 
to above (see, however, Peters 1940) ; and it has been shown quite clearly that 
the frequency of natural agglutinins for a particular bacterium, among a random 
sample of the human population living in a particular locality, is closely associated 
with the frequency of infections due to that bacterium in that locality. Examples 
are provided in the epidemiology of enteric infection (Chapter 69), of undulaiit 
fever (Chapter 75), and of certain virus diseases (Chapter 87 and 88). 

A few surveys of a similar kind have been made in laboratory animals. Thus Bailey 
(1927) examined 81 rabbits taken from a laboratory stock among which cases of snuffles 
were occurring, due to infection with Pasteur ella lepiseptica. Three rabbits were suffering 
from acute snuffles ; cultures from the nose gave a copious growth of Past, lepiseptica, 
and agglutinins and complement-fixing antibodies were demonstrated in the blood stream. 
Nine had chronic snuffles ; all of these showed the presence of Past, lepiseptica in the nares 
and agglutinins and complement-fixing antibodies in the serum. Three had suppurative 
lesions from which Past, lepiseptica was isolated ; agglutinins and complement-fixing anti- 
bodies were demonstrated in their serum. Six showed no clinical symptoms of infection, but 
Past, lepiseptica was isolated from the nares ; in all six agglutinins and complement-fibs:ing 
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antibodies were found. Ten sKowed no symptom of infection and cultures from the nares 
yielded no Past, lepiseptica ; in none of these could agglutinms or complement-fixing 
antibodies be demonstrated. Six rabbits were then taken, one of which yielded a scantv 
growth of Past. lepisepUca and showed the presence of complement-fixing antibodies to low 
titre, while the other five showed no evidence of infection. All six were infected with 
Past, lepiseptica by nasal instillation. All six became carriers without any symptoms of 
snuffles. The rabbit which was already infected showed a rise in titre of compienieiit- 
fixing antibodies, and these antibodies appeared in each of the other five rabbits during the 
course of the succeeding three months, 

\ There is then no doubt that the members of a herd, or population, submitted 
to a constant or recurrent risk of infection with a particular bacterium will tend 
to form antibodies acting on that particular organism in response to the stimuli 
provided by infection of varying severity ; and the natural working of this mech- 
anism will certainly play a large part in determining the frequency distribution 
of the antibodies concerned. 

We must then accept the view that the naturally occurring antibacterial sensi- 
tizers, and perhaps also the natural antitoxins, may owe their origin to any one 
of four mechanisms : actual infection with the corresponding bacterium ; infection 
with some other organism that shares a common antigenic component : the 
entrance to the tissues via the intestinal tract, or possibly by other routes, of 
non-living antigenic material capable of stimulating the production of an antibody 
with the active group in question ; or the formation of such antibodies as a by- 
product in the normal functioning of the antibody-forming apparatus altogether 
apart from any specific external stimulus.* 

1 

The Immunological Significance of the Natural Antibacterial Antibodies. 

Do naturally occurring antibodies of the type considered above confer a relative 
immunity to the risk of natural infection, analogous to that conferred by the 
natural antitoxins ? The evidence available does not allow of any but the most 
tentative answer. \ So far as it goes it suggests that there is sometimes a relation 
between the presence in the blood of a particular antibacterial sensitizer and a 
relatively high resistance to the corresponding bacterium ; hut that this relation 
is not a general one, and that many antibodies of this type are quite without 
effect on the resistance of the animal possessing them. This is not surprising. 
We have given reasons for believing that the natural antibacterial sensitizers acting 
on a single bacterium — even on the surfaces of a single type of bacterial cell may 
be of several different kinds, and it seems not unhkely that some of these may 
have a protective value while others have not.f 

Kyes(1916) showed that, when virulent pneumococci were inoculated into the naturally 
immune pigeon, the organisms were rapidly withdrawn from the blood stream and phago- 
cytosed by macrophages in the liver and spleen. Heist, Solis-Cohen and Solis-Cohen 
(1918) found that the whole blood of the pigeon was actively bactericidal for the pneu- 
mococcus while the whole blood of the susceptible mouse or rabbit was not. The serum 
of the pigeon was not bactericidal alone, indicating that the killing power depended on 
the leucocytes as well as on the constituents of the serum. That serum constituents are 
in fact concerned, and that among these constituents are specific antibodies, would seem 
to follow from the observations of Bull and McKee (1921), who studied the passive transfer 
of immunity from the normally resistant chicken to the normally susceptible mouse. They 
found that chicken serum would protect mice against virulent pneumococci of Types I, 
II and III ; and that absorption of the chicken serum with Type I pneumococci removed 
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its protective power against Type I bnt not against Type II. Similarly absorption with 
Type II removed the protective power against this type, leaving the protective power 
against Type I. 

Robertson and Sia (1924) found a marked inhibition of the growth of pneumococci 
in serum-leucocyte mixtures from the resistant cat or dog, but no such inhibition in similar 
mixtures from the susceptible rabbit or guinea-pig. More recently they have reported 
experiments which suggest that this bactericidal action is due to sensitization followed by 
phagocytosis (Robertson and Sia 1927). They sensitized pneumococci by prolonged contact; 
with large amounts of the serum under test, and then determined the degree of phagocytosis 
by the leucocytes of various resistant and susceptible animals. They found that sensitiza- 
tion with serum from the resistant cat, sheep, pig and horse rendered the pneumococci 
susceptible to phagocytosis by the leucocytes of these animals, or by those of the susceptible 
rabbit or guinea-pig ; while treatment with serum from such susceptible species as the 
rabbit, guinea-pig or man did not sensitize the pneumococci for the leucocytes of these 
animals, or for those from the resistant cat, sheep, pig or dog. 

The actual number of sera from each species examined by Robertson and Sia was not 
large, and it would seem that their original conclusions require some modification, at least 
in regard to man. Thus, Robertson and Cornwell (1930), using serum -leucocyte mixtures, 
studied the presence of antibodies for various types of pneumococci in the scrum of normal 
persons. All the sera examined show’ed the presence of antibodies for one or more of 
the serological types employed, but any given serum might he inactive against some 
types though active against others. It would seem, moreover, that the presence of 
antibodies against a particular type does not afford complete protection against infection 
with that type, since Robertson and others ( 1930) found that the serum of patients in the 
first 48 hours of an attack of lobar pneumonia often contained sensitizing antibodies for 
the infecting type of pneumococcus, Abdoosh (1936) studied the bactericidal power of 
the serum against gonococci in man and a large number of animal species. It was low 
in normal men and mice, poor in the guinea-pig. It was good in horses, oxen, sheep, pigs, 
goats, cats, monkeys, rabbits and rats, animals naturally insusceptible to the gonococcus. 
It is of interest to note that a similar degree of bactericidal activity was reached in man 
only 14 or more days after the onset of a gonococcal infection. 

Some of the findings recorded in earlier sections with regard to the frequency 
distribution of various normal agglutinins make it very difficult to believe that 
they have any protective value. Thus somatic agglutinins for various organisms of 
the Salmonella group are frequently present in the blood of swine, cattle and 
sheep ; but these species are relatively susceptible to infection with certain of these 
organisms (Lovell 1934). A particularly striking example of this kind of anomaly 
is afforded by the observation that the great majority of normal horse sera 
agglutinate the glanders bacillus to high titre, though glanders is bacteriological! y 
a disease of equines (see Wilson 1934). 


SUMMARY 

(1) Antibodies of various kinds — antitoxins, agglutinins, bactericidal anti- 
bodies and so on are frequently found in the serum of normal men and animals. 
The origin of these naturally occurring antibodies is still a matter in dispute ; but 
it seems possible that they may arise in several different ways. 

(2) The new-born animal, when -bom of a naturally immune mother, is endowed 
with a congenital passive immunity, due to transference of specific antibodies 
from the maternal blood through the placenta, or by way of the colostrum during 
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the early days of suckling. This, like other types of passive immunity, is of rela- 
tively short duration. 

(3) Young animals from whose blood these congenitally acquired antibodies 
have disappeared and young animals in whom they are not present at birth often 
develop them with advancing years. 

(4) There are reasons for believing that this production of antibodies is dependent 
on the activity of an antibody-forming apparatus that is imperfectly developed 
at birth, but reaches functional maturity at a relatively early period of life. 

(5) It is certain that this apparatus, apart from any external stimuli, will form 
various antibodicvS — such as the normal hsemagglutinins or heemolysins — which 
distinguish one animal species from another. It is possible that certain of the 
antibodies acting on bacteria or their products may be formed in the same way, 
as the result of a normal serogenesis determined ultimately by genetic factors. " 

(6) The more commonly accepted view is that these antibodies arise as the 
result of the response of the antibody-forming apparatus to external environmental 
stimuli, and that such stimuli usually consist of overt or latent infections with the 
bacterium in question. This view has been upheld particularly in relation to 
natural antitoxic immunity against diphtheria and scarlet fever, and in this regard 
there can be little doubt that it is correct. 

(7) In the case of specific antibacterial immunity there are greater difficulties 
in accepting this hypothesis in its entirety. Samples of sera collected from a 
given animal species may contain antibodies active against a large number of 
different bacteria, and it seems difficult to believe that a single animal can have 
been infected with so many different organisms, some of which are not known to 
be natural parasites of the species to which it belongs. There are, however, good 
reasons for believing that some at least of the agglutinins or other antibodies found 
in normal men or animals have been produced in response to infection, overt or 
latent. 

(8) It is possible that other forms of external stimuli may be concerned, such 
as (a) infection with a different species of bacterium, which shares a common anti- 
genic factor with the bacterium with which the antibody in question has been 
shown to act, or (Jb) the absorption from the intestinal canal or through the lungs 
or skin of some antigenic material containing a similar reactive chemical group. 

(9) The presence of natural antitoxin in the circulating blood is usually associ- 
ated with an immunity to clinical infection, at least in the case of diphtheria 
and scarlet fever. 

(10) The relation between the presence of antibacterial sensitizers and resistance 
to infection with the corresponding bacteria is yery uncertain. It seems probable 
that some of these natural antibodies exert a protective effect. 
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CHAPTER 50 


THE ANTIBODY-FORMING APPARATUS AND ITS REACTIONS 

In tte preceding chapters we have referred freely to the serum antibodies without 
any attempt to describe the mechanism by which they are produced. Any adequate 
description is, indeed, impossible. We know too little. It is, for instance, quite 
clear that the formation of antibodies is associated in some intimate way with 
the formation of the serum proteins, but we are largely ignorant as to how these 
proteins are produced, or where. The scanty data at our disposal with regard to 
the cells and tissues probably involved and the way in which they respond to specific 
and non-specific stimuli are, however, well worth considering ; since they throw 
light on several problems of practical as well as theoretical importance. 

The Site of Pormation of Antibodies 

Ehrlich’s conception of antibodies was that they were shed “ cell-receptors.” 
The antigen gained effective contact with the cell by becoming anchored, through 
specific chemical groupings of its own, to specific chemical groupings on “ side- 
chains” carried by the tissue cells. This theory seemed to imply, by logical 
extension, the view that antibodies were produced by those cells to which particular 
antigens, by reason of their chemical structure, were most likely to become attached 
— that an antitoxin, for instance, was produced by the cells that were most sus- 
ceptible to the corresponding toxin. A further implication seemed to be that any 
cell in the body was endowed with the potentiahty of formi n g antibodies, should 
antigens with suitable side-chains present themselves to it. It would be rash to 
say that the possibility of such a generalized distribution of function has been 
excluded, but the trend of opinion, especially in recent years, has quite clearly 
been towards a different conception, which would regard the antibody-forming 
apparatus as an integrated system of cells, together constituting a functional though 
not a structural entity. The evidence on which this view is based may be sum- 
marized as follows. 

The Local Formation of Antibodies— Experiments designed to demonstrate the 
local formation of antibodies, at or in the immediate neighbourhood of the site of 
inoculation, have given either negative or only suggestive results. 

Eomer (1901) recorded observations which he regarded as demonstrating the formation 
of anti-abrin in the rabbit’s conjunctiva ; and von Dungem (1902) injected crab-plasma into 
the anterior chamber of oneeyeofeachofseveralrabbitsandrecorded, in one instance, the 
appearance of a precipitin for crab-plasma in the aqueous humour of the injected 'eye 
before its appearance in the blood serum. But these observations have never been con- 
firmed ; and, at least in the case of Romer’s results, they arc open to criticism on technical 
grounds (see Hektoen 1911). Similarly, the results recorded by Wassermann and Citron 
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(1905), who injected t^^phoid bacilli into rabbits intrapleurally and intraperitoneally, and 
compared the antibody titre of the local exndate and of the blood serum at various times 
thereafter, afford no convincing evidence of any formation of antibodies in the serous cavi- 
ties. Hektoen (1911) conducted a very careful series of experiments on the immunization 
of dogs with rat or goat corpuscles. He was unable to obtain any evidence of antibody 
formation in the anterior chamber of the eye, in the pleural or peritoneal cavity, or in the 
connective or muscular tissue of the leg. In every case antibodies appeared in the blood, 
but there was no evidence that these were produced at the site of inoculation. ^The 
experiments of Walsh and Gannon (1938) suggest that antibody is formed locally in response 
to a direct application of antigen. The antibody content of the blood, and of organs 
after removal of the blood by perfusion, was measured after active immunization with 
salmonella bacilli. After intraperitoneal injections, agglutinins were found to bo dis- 
tributed evenly in the nasal mucosa, lungs and spleen, in each of which the ratio of tissue 
to serum titres was 1 : 10. After intranasal inoculation, the tissue-serum ratio in the 
nasal mucosa w^as lower than that in the spleen, and after simultaneous intranasal and 
intraperitoneal inoculations with different antigens, the splenic ratio was lower for the 
intraperitoneal than for the intranasal antigen and the nasal and lung ratios lower for the 

intranasal than for the intraperitoneal antigen. , 

I 

Cannon and SuUivan (1932) record experiments which they regard as indicating the 
local formation of antibodies at the site of an intradermal injection ; and Trawinski (1932) 
concludes, from his experimental findings, tjbhat the skin is involved in agglutinin production 
irrespective of the site of inoculation of the antigen.^^ 

Hartley (1940) injected a mixtui’e of vaccinia virus and an aluminium hydroxide gel 
intradermally in rabbits. A nodule, in which the cellular reaction was predominantly 
macrophage, was produced at the site of inoculation. Extracts of the 4-day-old nodules 
contained from 2 to 10 times as much antibody as blood or other tissue extracts (see also 
Oerskov and Andersen 1938, DeGara and Angevine 1943). Burnet (1941), on the other 
hand, could find no evidence of local antibody formation in the skin of rabbits by direct 
injection of a variety of soluble and particulate antigens. However, in the case of the 
positive results the part played by the dermis may be ascribed to its richness in reticulo- 
endothelial cells ; so that these observations are in accord with those described in the 
following section. 

The Role of the Reticulo-Endothelial System in the Formation of Antibodies. 

Hektoen and Carlson (1910) injected dogs with rat or goat corpuscles and bled them dry 
from the carotid artery during the latent period of immunization, before any rise had 
occurred in the antibody titre of the serum ; immediately thereafter they restored their 
blood volume by transfusion from a normal dog. This procedure appeared to have, if 
anything, a stimulating effect on the subsequent antibody production, indicating that the 
injected antigen had been rapidly removed from the blood. This suggestion was confirmed 
in other experiments in which normal dogs were bled dry and transfused with blood from 
other dogs 3 to 48 hours after inoculation of the antigen. When the dose of red cells injected 
into the donor had been of the usual optimal amount the recipient showed no rise in anti- 
body titre, indicating that no appreciable amount of antigen remained in the circulating 
blood even after so short an interval. 

We need only recall the description of the clearing mechanism given in Chapter 
47 to evoke the suggestion that the cells of the reticnlo-endothelial system, 
which we know to be concerned in the removal of foreign particnlate material from 
the blood stream, are also concerned directly or indirectly in the formation of 
antibodies,^ 

The view that certain of the organs or tissues which we now group together under this 
system might he specially concerned in antibody formation is by no means new. T Pfeiffer 
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and Marx { 1898) stated that in rabbits, which were undergoing immunization against cholera 
vibrios, bacterial antibodies might be present in the spleen, the bone-marrow, and perhaps 
the lungs, in higher concentration than in the blood (see also Tsurumi and Kohda 1913 
Cary 1922). i ' 

Deutsch (1899) studied the effect of splenectomy on the production of agglutinins and 
protective antibodies after intraperitoneai injection of typhoid bacilh into guinea-pigs, and 
found that splenectomy before the injection of the bacterial antigen had little or no effect 
on the subsequent antibody production, jwhile splenectomy carried out 3 to o days after 
the immunizing injection led to a significant decrease in the concentration of antibodies. 
He added the interesting observation that, when the spleen was extirpated from a recently 
immunized guinea-pig and transferred to the peritoneum of a normal guinea-pig, anti- 
typhoid agglutinins appeared in the blood of the latter though to a relatively low titre. 
Luckhardt and Becht (1911) studied this question in greater detail. Dogs were injected 
intravenously with rat or goat corpuscles. Shortly afterwards the spleen was removed, 
emulsified, and injected into the peritoneum of a normal dog. The recipients showed the 
typical rise in the antibody titre of the blood serum. The animals from which the spleen 
had been removed after injection of the red cells produced hsemolysins, haemagglutinins 
and hsemopsonins less rapidly and to a lower titre than did the control animals not submitted 
to splenectomy. 

The experiments of Topley (1930) on agglutinin formation in rabbits gave analogous 
results, and afford the additional suggestion that, j after minimal doses of antigen, the 
reticulo-endothelial ceUs do not release the antigen in an unaltered form. Rabbits 
received intravenous injections of killed paratyphoid bacilli m a dose of 10^ bacilli per kilo, 
body weight. At varying intervals thereafter, 24 hours to 216 days, they w^ere bled and 
killed. The spleen, emulsified in saline, was in each case injected into a normal rabbit. 
The serum from a rabbit killed 24 hours after the injection of bacilh contained no agglutinins. 
The rabbit that received the spleen tissue from this animal developed agglutinins to low 
titre, but the time relations of the response differed from those of the typical response to 
active immunization (see pp. 1106-1114) in several ways. The highest titre was reached 
earlier, and the agglutinins disappeared far more rapidly from the blood stream. Reactions 
of the same general type were noted in the normal rabbits injected with the spleens removed 
from the immunized animals after longer intervals. Moreover, these rabbits, when injected 
21 to 62 days after receiving the spleen tissue with a minimal dose of the same bacilli, 
showed no evidence of the energetic secondary response (see pp. 1110-11 14) w^hich might have 
been expected if they had received a previous stimulus with unaltered antigen. The se 
results are more compatible with the view that the histiocytes of the spleen themselves form 
antibodies or some intermediate product than with the view that they merely retain the 
antigen and afterwards liberate it in a form which provides an antigenic stimulus to other 
antibody-forming cells. DeGara and Angevine (1943) measured the antibody content 
of skin, bone marrow, liver, spleen and in some cases the lymph nodes, in rabbits inoculated 
intracutaneously with a single dose of streptococcal or pneumococcal vaccine. They found 
antibody was present in these sites before any antibody appeared in the blood, and per- 
sisted there after the blood levels had started to decline. They concluded that besides 
the organs naturally rich in macrophages, the inoculation site in the skin, and the local 
lymph nodes produced antibody, perhaps with the aid of macrophages accumulating 
therein as a result of the inflammatory reaction to the vaccffn^,^) 

Scarff (1931) has recorded experiments suggesting that the reaction of the spleen to 
foreign blood corpuscles is different from its reaction to bacteria ; and it may be that 
we should consider different antigenic materials— foreign cells, bacteria, antigens in solution 
and so on — in relation to different depots of histiocytes, rather than antigens in general in 
relation to histiocytes in general. 

/The role of the reticulo-endothelial system in the production of antibodies has also 
been investigated by the method known as blockade, alone or combined with splenec- 
tomy. In this method large amounts of Indian ink or colloidal iron are injected intraven- 
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ously, with the object of engaging the activities of as largo a quota as possible of the reticulo- 
endothelial system, and so rendering it less able to deal with a subsequent injection of anti- 
genic materi^ The results recorded show some divergence. Bieling and Isaac (1921, 
1922a, h) rep^ed an inhibitory effect of blockade on antibody production, and several 
workers have obtained analogous results (Siegmund 1922, Gay and Clark 1924, Vanucci 
1924, Jungeblut and Berlot 1926, Lewis and Loomis 1926, Meyer 1926, Tuft 1934). Others, 
however, have failed to detect any difference between the behaviour of normal and 
blockaded animals (Rosenthal and Fischer 1922, Frankeland Grunenberg 1924, Ross 1926). 
Such discrepancies need cause no surprise. In the case of a system of colls so widely 
distributed throughout the body, the effectiveness of any method of blockade must vary 
according to the conditions obtaining in each particular case. Blockade that falls short 
of completeness may, as some authors have suggested (Standenath 1923), have a stimulating 
rather than a depressing effect. PhiHpson (1936) demonstrated the association of the 
reticulo-endothelial system with antibody formation in another manner. He measured 
the degree of blockade achieved after the intravenous injection of particulate matter by 
the diminution in the rate of absorption of congo red from the blood stream of rabbits, 
and found that whereas a primary injection of a typhoid vaccine had little blockading 
effect, a secondary injection 6 days later produced a blockade equal to that of large doses 
of Indian ink, and depressed the antibody level in the serum. One to two days later, the 
blockade effect diminished and at the same time there was a rise in the antibody content 
of the blood. 

Other methods of injuring or disabling the cells of the reticulo-endotholial system have 
been utilized in attempts to study the part played by these cells in antibody production — 
the action of X-rays (Benjamin and Sluka 1908, Lawen 1909, Hektoon 1915, 1918, 1920), 
of thorium X (Hektoen and Corper 1920), and of radium emanation (Hektoen and Corper 
1922), of benzene (Rusk 1914, Simonds and Jones 1915, Hektoen 1916), of toluene {Hek- 
toen 19166, Weaver et al. 1943) and of mustard gas (dichlorethyl sulphide) (Hektoen and 
Corper 1921). [The results of these experiments, taken as a whole, lend support to the 
view that any procedure which severely injures the cells of the reticulo-endothelial system 
will markedly, or sometimes completely, inhibit the formation of antibodi^j Their 
significance is, perhaps, rendered a Uttle dubious by the fact that the doses reqwed to 
produce a clear-cut inhibitory effect were of an order which makes it unlilcely that their 
action was confined to the cells of the reticulo-endothelial system and the hsemopoietic 
tissues. 

Sabin (1939) attempted to correlate the disappearance of a coloured azo-dye protein 
antigen from the reticulo-endothelial cells of the rabbit, with the antibody levels found 
in the serum. Her results suggest a connection between the two phenomena, but the 
antibody response in the few animals tested was too variable to permit any definite con- 
clusions to be drawn. 

The Role of Lymphoid Tissue in the Formation of Antibodies. 

The association of lymph nodes with antibody formation was first clearly demonstrated 
by McMaster and Hudack (1935) who injected bacterial vaccines into the ears of mice, 
and after 2 hours, when some of the inoculum had passed via the lymphatic channels 
to the cervical lymph nodes, amputated the ear. In the early stages of the antibody 
response, the antibody content was highest in extracts of the nodes, and relatively low 
in the serum. The vaccine caused some inflammation in the lymph nodes, hut the observed 
antibody levels were not due to an abnormal concentration of serum antibodies in the 
inflamed node, for when both ears were injected, each with a different vaccine, in each 
case the antibody levels attained were in the descending order — homolateral cervical 
node, blood serum, contralateral cervical node — ^though both cervical nodes were equally 
mflamed. McMaster and Kadd (1937) record similar results with vaccinia virus injected 
into the ears of rabbits, and Burnet and Lush (1938) with influenza virus given intranasally 
in mice, the highest antibody levels in this case being found in the mediastinal glands. 
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When subcutaneous injections of bacteria or bacteriophage are made into the leg of a 
rabbit, the early antibody response is highest in the pophteal node on the injected 'side 
(Burnet 1941). Murakami (1936) obtained higher titres in efferent lymph from nodes- 
draining the site of injection of the antigen, than in the blood stream, but attributed 
the result to a concentration of serum antibodies in the inflamed node. 

, It is possible that the reticulo-endothehal cells of the lymph nodes are responsible 
for' the local formation of antibody. Lymphoid tissue contains a number of “germinal 
centres,” which are nodules of apparently primitive iymphoc}i;es surrounded by mature 
lymphocytes, and are thought to be concerned in the genesis of lymphocytes. Heilman 
and White (1930), however, observed that the injection of antigenic material was followed 
by an increase, sometimes very marked, in the number of “ germinal centres ” of the 
lymphoid tissue of the spleen and the lymph nodes. | Moreover, the “germinal centres ” 
are not found in the foetal tissues. According to'Glimstedt (1936) they do not develop 
in the lymphoid tissue of young guinea-pigs reared in a sterile environment, but are plentiful 
in those that have been exposed to environments containing bacteria. The association 
of newly appearing centres with the stimulus of foreign antigenic material was confirmed 
by Osterlind (1938) who found that diphtheria toxoid in the hind leg of a rabbit induced 
their formation maximally in the nodes draining the injected area, and that maxima of 
antitoxin formation, particularly in response to a secondary dose of toxoid, coincided 
with the maxima in numbers of germinal centres. Similar results were obtained by 
Ehrich and Harris (1942), using typhoid bacilH, sheep erythrocytes, and ovalbumin as 
antigens ; in their hands the antibody maxima in ,efierent lymph and in the lymph nodes 
shghtly preceded the maxima in germinal centres, whose increased numbers persisted 
some time after antibody levels were declirdng. \I0ore recently, Harris, Grimm, Mertens 
and Ehrich (1945) report that not only is the rise in antibody content of lymph from 
an immunized lymph node accompanied by a rise in the lymphoc^’te content, but that 
these cells contain substantially more antibody than the fluid itself. Moreover, since 
the cells can be made readily to yield antibody, but not to absorb it, it appears that the 
lymphocyte itseK may be the actual site of antibody formation. There is, then, good, 
but not very extensive, evidence for the formation of antibodies in lymph nodes, and 
strong indications that tissues, which, though mesenchymal in origin, are not reticulo- 
endothelial in nature, may be concerned in antibody production.li It should be noted 
that Burnet (1941) was unable to demonstrate any antitoxic response in lymph nodes to 
staphylococcal toxoid ; he suggests that toxoid, being soluble, is not held up in the lymph 
nodes as effectively as particulate antigens are. 

The Role of Other Organs or Tissues in the Formation of Antibodies. 

It may be noted that the effect on antibody formation of the removal of other organs 
— unconnected with the reticulo-endothelial system — has been studied by various observers. 

^The removal of the thyroid has apparently no inhibitory effect (Fjeldstad 1910, Hektoen 
and Curtis 1915, Ecker and Goldblatt 1921, Hou^ay and Sordelli 1921, Clevers 1921, 
Take 1923). An increase in antibody production has occasionally been recorded as a 
result of this procedure (Ecker and Goldblatt 1921, Houssay and Sordelli 1921, Clevers 
1921). Hektoen and Curtis (1915) state that complete removal of the stomach or of the 
small intestine does not interfere with the formation of hsemopsonins or hsemagglutmins ; 
simultaneous removal of the spleen and pancreas appears to have the same depressing 
effect on antibody production in dogs as removal of the spleen alone ; adrenalectomy in 
dogs, at the height of the antibody curve, does not alter the antibody content of the blood 
serum ; in rats, removal of one half of the liver appears to have no effect on the production 
of hsemolysin. 

The Formation of Antibodies in Tissue Cultures.—A method which offers obvious 
possibilities for the study of antibody formation is that of tissue culture. 

Carrel and Ingehrigsten (1912) cultivated fragments from the bone-marrow and lymph 
glands of guinea-pigs in the homologous blood plasma, and added to the cultures small 



1106 


THE ANTIBODY^FOBMING AFPABATU8 


amounts of red cells from the goat, against -which the serum of the guinea-pig showed no 
lytic action. H^mopsonins appeared in the culture on the 3rd day, as judged by direct 
observation of the degree of phagocytosis. Hsemolysins were detectable on the 4th day, 
and had increased markedly in activity on the 5th. The haemoiysms could be specifically 
absorbed from the fluid by the usual technique. Ludke (1912) injected killed cultures 
of typhoid or dysentery bacilli into rabbits, removed fragments of the spleen or bone- 
marrow after 1 to 5 days, and cultivated them in homologous plasma. After 2 to 5 days’ 
incubation he -was able to detect lysins and agglutinins in the culture fluid. In a similar 
way he succeeded in producing haemolysin for ox or sheep corpuscles. His results were for 
the most part negative when he added the antigenic materials directly to the tissue cultures. 
Przygode (1913, 1914), Reiter (1913) and Schilf (1926) have also recorded positive results. 
Meyer and Loewenthal (1928) record experiments in which they were able to demonstrate 
a significant rise in agglutinins in tissue cultures prepared from rabbits that had been 
inoculated with typhoid bacilli. The tissues examined were the spleen, the lymph glands 
and the milk spots from the omentum. The latter observation is highly significant, since 
the omental milk spots, in addition to fibroblasts, contain only cells of the reticulo- 
endothelial type. ^Subsequent workers have demonstrated antibody formation against 
a variety of antigens when the cultures were made from the tissues of ah'cady inoculated 
animals ; and the results of adding the antigen after the establishment of the tissue culture 
m vitro have been uniformly negative (Hwon 1937, Parker 1937, Salle and McOmie 1937, 
Beard and Rous 1938). The reasons for the failure of in vitro immunization are not 
apparent, though Beard and Rous, who used a pure culture of Kupffer cells from the 
liver, note that the cultivated cells had lost their normal in vivo power of ingesting antigenic 
particles. 

Conclusions with regard to the Site of Formation of Antibodies. — Taking the 
data as a whole the conclusions to be dxa-wn do not seem to be in doubt in spite 
of minor discrepancies. There is ample evidence that the organs and ceils which 
have been shown to be concerned in the clearing mechanism of the tissues are also 
concerned in some way with antibody formation. There is also evidence that lym- 
phoid .tissue may he concerned. It is clear that antibody formation is not the 
function of mesenchymal cells in any one organ of the body. Thus Buttle (1934), 
in short-term experiments with rabbits in the early stages of a secondary antibody 
response (p. 1110), was unable to interrupt the fl.ow of antibodies from the tissues 
to the blood stream by extirpation of the liver and spleen, or by complete removal 
of the skin. 

Of the precise part played by the cells of the reticulo-endothelial system we 
know little. We know that they remove from the blood stream particulate anti- 
genic material, and probably similar material in colloidal solution. Do they them- 
selves produce the corresponding antibodies, or do they merely retain the antigen 
temporarily, yielding it up in an altered or unaltered state to the tissue fluids, and 
thus passing it on to some other ceils in which the actual antibody synthesis occurs 1 

Of the experiments outlined above, some of those dealing with the role of the 
spleen in antibody production, the results obtained by Meyer and Loewenthal 
with cultures from the omentum, and experiments with antibody formation in 
lyniph nodes, suggest that the tissue cells themselves are capable of producing 
antibodies in the fully formed state. 

The Response of the Antihody-forming Apparatus to Specific Stimuli 

'tte Primary Response to a Specific Stimulus. — It will simplify discussion to 
consider first the response to the injection of an antigenic material directly into 
the blood stream. It will also be convenient to select an example in which the 
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antibody concerned is not present ah initio in tke blood of the experimental animal 
employed. The production of flagellar agglutinins by tbe rabbit in response to a 
single intravenous injection of a killed suspension of Salm. parati/phi B affords a 
convenient illustrative example. Fig. 249 shows a typical reaction. 

There is an initial induction phase, not shown in this particular diagram because 
the first reading after the injection of the antigen was taken on the fifth day. This 
induction phase usually lasts for 24 to 48 hours, by the end of which time agglu- 
tinin is usually detectable to very low titre (1 : 5 to 1 : 20). The titre thenl-ises 
rapidly as shown in the figure, until about the 16th day. The time limits 
between which the maximum titre is usually attained may be put at about the 
10th to 22nd day. It then falls, at fixst rapidly, then more slowly, agglutinins 
still being present in the blood 100 days after the inoculation. It will be noted 
that, in this chart, the titres are plotted as ordinates on a logarithmic scale, 
time as abscissae on an arithmetical scale. Equal rises and falls in the curve 
represent -not equal increments or losses of agglutimns but equal proportionate 
increases or decreases — for example, doublings or halvings of the amount present. 

The Effect of Dosage. 

— As regards the relation 
between the dose of anti- 
gen administered and the 
amount of antibody pro- 
duced, Table 81 sets out 
some figures for the par- 
ticular case we are con- 
sidering. 

The minute dose of 10,000 
bacilli per kilo, body weight, 
administered to rabbits 
varying from 1,380 to 3,750 
gm., results in no detect- 
able formation of agglutinins. 

When we increase the dose 
ten times we pass the 
threshold and obtain an 
average titre of 1 : 330. 

Over the range 10® to 10® 
bacilli a thousandfold in- 
crease in dose results in 
about a tenfold increase in 
titre — the critical student glancing at the numbers in the second column will not place 
too much reliance on the mean values recorded in the third. If we increase our dose 
still further we shall get still higher titres ; but we shall be reaching the point where 
our inoculum attains an appreciable toxicity, and we shall, apart from this, be subject to 
the law of diminishing returns. However high we push our dose, up to the limit that 
will kill our rabbit, we are unlikely, after any single inoculation, to reach a titre of more 
than 1 : 10,000-1 : 20,000. 

We may sum up in general terms by stating that there is a minimal threshold 
value, below which no response is obtained. Above this value the titre attained 
varies with the dose administered but in such a way that the increase in titre is 
relatively much smaller than the increase in dose required to produce it. Even 



Production of agglutinins in rabbit after single injection of 
Salm, paratyphi B, 
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TABLE 81 


Showing the Mean Values of the Highest Tithe of Elaoellae Agglutinins in Small 
Groups of Rabbits injected intravenously with Different Doses (per k.b.w.) op 
Salm, jpamty'phi B. 


No of Bacilli injected 
per k.b.w. 

No. of Babbits tested. 

n igbest Titre. 

(Mean Value). 

108 

3 

3,540 

10’ 

3 

1,860 

10® 

6 

330 

10^ 

4 

i 

1 


1 = no agglutination at a dilution of 1 : 4. 


tiially a point is reached at which further increase in dose results in little or no 
increase in antibody production. 

In connection with the problem of dosage, we may note one antigenic substance, the 
acetyl polysaccharide of the Type I pneumococcus, of which only very small doses induce 
an antibody response {Avery and Goebel 1933, Enders and Wu 1934). Thus Downie 
(1937) found an effective immunizing dose in mice lay between 1-0 and 0*01 ^g., while 
doses of 100 or 1,000 fzg. were ineffective. 


Variations in Response to Different Antigens. — Eig. 250 shows the effect of 
injecting into an animal (a dog) a particular antigen (rat corpuscles) against which 
it possesses a normal antibody (haimagglutinin) . 

It will be noted that the immediate effect of the injection is to cause a fall 
in the normal antibody titre, followed by a rapid rise of the type depicted in Fig. 

249. This negative phase is 
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Production of hsemagglutinin in a dog after a single injec- 
tion of rat corpuscles. 

(After Hektoen and Carlson.) 


a characteristic result of in- 
jecting any large amount of 
antigen into an animal that 
possesses the corresponding 
antibody in its circulating 
blood. 

The response to a single 
dose of an antigen in colloidal 
solution is illustrated in Fig. 
251, which shows the course 
of precipitin formation in the 
rabbit following a single in- 
jection of horse serum. 

There is a rather pro- 
tracted induction period last- 
ing for some 8 days, followed 
by a rise in antibody titre to 
a maximum about the 16th 
day and then a slower fall, 
till precipitin ceases to be 


detectable about the 37th day. It should be noted that this curve is not compar- 
able, at a mere glance, with those given earher in the chapter since the titres are 
plotted as an arithmetical not as a geometrical or logarithmic series. To make the 
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curve comparable with those 
describing agglutinin or haemo- 
lysin production the logarithms 
of the number of precipitin 
units would have to be plotted 
as ordinates. 

The Response oi the Antibody- 
forming Apparatus to the 
Simultaneous Injection of 
Several Antigens. 

It is clear that the capacity 
of the antibody-forming appa- 
ratus must have some limit. 

The question at issue is at 
what stage that limit is reached. Will antibodies be formed as readily against 
two or three or n antigens, all injected at the same time, as against a single anti- 
gen ? The answer is of considerable practical interest, since mass immunization 
against a multiplicity of diseases could be envisaged more cheerfully if syringes 
could be loaded on the blunderbuss principle. The evidence is conflicting. 

There are records (Benjamin and Witzinger 1912, Huntoon and Craig 1921) which 
suggest that the injection of more than one antigen, simultaneously or in rapid succession, 
lessens the production of one or other of the corresponding antibodies. Corrigan (1925), 

and Hektoen and Boor 
(1931), on the other hand, 
have recorded results 
which indicate a far less 
restricted range of act- 
ivity. The latter ob- 
servers immunizedrabbits 
by repeated intravenous 
injections of mixtures 
containing large numbers 
of different antigens, each 
in a relatively pure state. 
These included hsemo- 
globin from the ox, cat, 
dog, hog, horse, man, 
sheep and turkey, horse 

, , j , , , f— , , pseudoglohulin, serum 

0 20 40 60 ^ 80 100 120 140 160 albumin from chicken and 

Time, in Days man, egg albumin and 

Big. 252. other constituents. One 

Antitoxin production in the horse : showing difference mixtures^ contained 

between primary and secondairy response. Id different antigenic con- 

' (After Glenny and Siidmersen.) stituents, the other 35. 

Precipitins were produced 

against almost aH the antigens injected, and in most cases to high titre. In the particular 
case of antitoxins the careful work of Glenny and his colleagues (Glermy 1925a, Glenny, 
Hopkins and Waddington 1926, Glenny and Waddington 1926, 1928) makes it clear that 
the simultaneous injection of several antigens may considerably reduce the titre of anti- 




Precipitin production : response of a rabbit to single 
injection of horse serum. 

(After Dean and Webb.) 
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toxin obtained. It seems likely, as Glenny suggests, that this “ crowding out ” effect is 
particularly prone to occur when any one antigen is present in great excess. 

Bjorneboe (1941) immunized rabbits with vaccines containing from one to eight types 
of pneumococcus, Avhich were given every second day for 8 mouths ; the anti])ody pro- 
diiction per t 3 q')e was the same for mixtures up to three types, and became progressively 
weaker as the number of antigens increased. It is noteworthy that ^vlien the “ ceiling” 
values of serum antibody were attained, all the serum glo])ulin appeared to consist of 
antibody. The separate antitoxic response of rabbits to mixtures of diphtheria, tetanus 
and staphylococcal toxoids (Ramon and Richou 1940) and of diphtheria and staphylococcal 
toxoids given intranasally (Sato and Kodama 1940) has been found to bo similar to that 
following injections of the single antigens. 

In man, a combination of two or more antigens is reported by some to have a synergic 
effect, each antigen being more effective in combination than alone. For example, synergic 
effects are recorded for mixtures of diphtheria and tetanus toxoids, with and without 
typhoid vaccines (Sacquepee, Piled and Jude 1936a, h) ; for staphylococcal and diphtheria 
toxoids (Kodama, Sato and Hata 1940) ; for tetanus toxoid and typhoid vaccines (Ramon 
1936, Maclean and Holt 1940 ; see also Grasset and Girdwood 1940, Fraser et al. 1943) ; 
for diphtheria and tetanus toxoids (Bigler and Werner 1941), and for these tw'o toxoids 
and H. pertussis vaccine (Lapin, 1942). Neither synergic effect nor depression of antigenic 
stimulus was found in such mixtures as vaccinia and diphtheria toxoid (Stern 1935), 



Precipitin production : response of 
a previously sensitized rahbit to a 
single injection of horse serum — 
secondary response. 

(After Dean and Webb.) 


diphtheria and tetanus toxoids (Jones and Moss 
1937, Peshkin 1941), diphtheria toxoid and B, 
pertussis vaccine (Kendrick 1942, Sauer and Tucker 
1942). With a mixture of PL pertussis vaccine, 
tetanus and diphtheria toxoids, Miller and Saito 
(1942) record a depression of the tetanus antitoxin 
response. 

With optimal doses of each constituent, and 
a total inoculum which is not unduly large, it 
seems probable tjiat an effective response can be 
obtained against a reasonable number of differ- 
ent antigens, even if the titre of some or all of 
the corresponding antibodies is relatively re- 
duced, and that in some cases there is a syner- 
gic effect in antigenic mixtures. From the 
practical point of view the problem will clearly 
differ according as we are attempting to in- 
duce an active immunity in man or animal, or 
to produce a high titre serum for passive im- 
munization. In the former case a reduction in 
the antibody titre attained might be of minor 
importance, in the latter it would be a grave 
disadvantage. Each case, as it arises, should 
be subjected to experimental trial. 

The Difference in Response to Primary and 
Secondary Stimuli. — ^Having considered the re- 
sponse of the antibody-forming apparatus to an 
initial injection of antigen we may inquire bow 
it responds to repeated stimuli, and it will be 
convenient to take as our first instance the 
response of a horse to the injection of dipb- 
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theiia toxin, selecting an animal v^liose blood, at the time of tlie initial injection, 
is devoid of antitoxin. This particular reaction has been studied in great detail 
by Gleniiy and his ^ colleagues (Glenny 19256, 1931, Glenny and Siidmersen 1921 ) 
and forms the basis of his insistence on the fundamental difference between a 
primary and a secondary response. Fig. 252 shows a typical example. 

The primary injection is followed by an induction period of some 14 days, 
after which there is a very slow rise in the antitoxin content of the blood, reach- 
ing a low maximum of 0-16 units per ml. between the 9th and 10th weeks, and 
sinking slowly to 0-11 units by the middle of the 15th week, at the time of the 
second injection. The response to this second injection is of an altogether different 
character. Within 4 days a distinct rise in the titre of antitoxin is observable, 
and the curve then rises steeply to a maximum of 3-2 units per ml. on the 10th 
day, followed by a fairly rapid decline. It may be added that with repeated and 
increasing doses the antitoxin content of a horse’s serum may be raised to well 
^ over 1,000 units per ml. 

This difference in response to primary and subsequent injections of the same 
antigenic material is not limited to the production of diphtheria antitoxin, though 
it is particularly well marked in this case. Fig. 253, showing the response to 
an injection of horse serum in a rabbit which had previously been injected with 
that antigen, but whose precipitin titre had since sunk to zero, may be compared 
with Fig. 251 above. 

The same holds true, in regard to the comparative titre attained, though not in 
regard to the prolonged induction period after the primary stimulus, when the 
antigenic material is particulate, as in the case of a bacterial suspension. Table 
82 sets out the primary and secondary response of rabbits to the intravenous 
injection of 10^ Salm. paratyThi B per kilo, body weight. It will be noted 
that the titres given are not the maximum attained but the average titre during 
the 50 days after inoculation. This value was selected because the curve of agglu- 
tinin titre after a secondary inoculation tends not only to rise higher than after a 
primary injection, but to remain high over a longer period. 

TABLE 82 


Showing the Average Titbe over a Period of 50 Days after Primary and Secondary 
Injections into Babbits of 10® Salm. paratyphi B fee k.b.w. 



Primary Average 

Interval between 1st 

Secondary | 

IlabTbit. 

Titre. 

and 2nd Injections, 

Average Titre. | 

Rll . . . . 

280 

147 days 

2,720 ! 

R19 .... 

37 

147 „ 

L720 j 

R25 .... 

130 

147 „ 

430 i 

R30 .... 

130 

133 „ 

1,230 I 

R31 . . . . 

91 

133 „ 

1,230 

R33 .... 

no 

. 133 

2,010 


The difference between the primary and secondary response is sufficiently 
obvious and needs no comment. With very small doses there may be no detectable 
primary response, antibodies appearing first after the second or later injection 
of a bacillary suspension. An illustrative example is given in Table 83. 

Burnet (1941) has emphasized a distinguishing feature of the secondary response 



Logarithm of titre 


1112 


TEE AETIBOEY-^EOEMIEG AFFAEATVE 


tliat is especially obvious when the 
stimulating dose of antigen is given 
intravenously. He studied the 
secondary response to staphylococ- 
cal toxoids, herpes virus and a bac- 
teriophage, and in each case found 
that after a delay of 1 to 2 days, the 
antibody content of the serum in- 
creased exponentially with regard 
to time, until the maxi mum level 
was approached, when the rate of 
increase in antibody-content gradu- 
ally diminished to a low value. In 
Fig. 254, for example, where the 
staphylococcal antitoxin content of 
the serum is plotted logarithmically, 
the curve is practically linear from 
the 2nd to the 4th day, after which 
it tends to the horizontal. 

The tendency for the antibody 
titre to be maintained at a high level 
for a longer time after secondary 
and subsequent responses than after 
a primary response is illustrated in 
Fig. 255, showing the response of a 
rabbit to three widely spaced injections of Balm, typhi, Fig. 256, showing the 
response of an uninoculated person to an injection of typhoid vaccine, and Fig. 
257, showing the response of a previously inoculated person to the same anti- 
genic material. 



Tig. 254. 

The secondary response of an immune rabbit 
to a single large intravenous dose of 
staphylococcal toxoid. 

(After Burnet 1941.) 



Fig. 255. 

-^gglatinin production : response of a rabbit to widely spaced injections of Salm, iyphi* 
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TABLE 83 

Showing the Highest Titre attained after 1st, 2nd and 3rd Injections of 10* Salm. 

paratyphi B per k.b.w. 


Rabbit. 

Highest Titre 

Intel val be- 

Highest Titre i 

aftei 1st 

tween Ist and 

after 2nd i 


Injection. 

2nd Injections. 

Injection. j 

R16 ... 

0 

28 days ' 

i 

8 

R32 ... 

i 0 

28 „ 

32 ! 

R46 . . . 

i 9 

28 

7 ! 

1147 . . . 

0 

28 „ 

0 j 


Interval be- 
tween tiiid and 
3rd Injections. 


92 days 
92 

92 „ 

92 „ 


Highe^^t Tilre 
after 3rd 
Injection. 


40 

319 

20 

0 


/600A 


600-4 


C. 

K 


400- 


It must not be supposed that the differences between a primary and secondary 
response are always so clear-cut as those depicted here. The curves may, however, 
be regarded as giving a true picture of the kind of differences observed. It will be 
noted in Figs. 255 and 256 that the primary response may be quite brisk and result 
in a high titre of agglu- 
tinins. This, for in- 1 1=1/7/ ect/o/? 

stance, is the usual 
experience as regards 
the production of H 
agglutinins in response 
to the injection of an 
optimal dose of flagel- 
lated bacilli. 

We have noted that 
increases in the dose 
of antigen administered 
at a single injection ate 
subject to the law of 
diminishing returns : in 
just the same way the 
repetition of injections, 
beyond a certain num- 
ber, is usually found to 
produce less and less 
effect with each suc- 
cessive dose. When 
the titre of a particular 
antibody has been 
forced up to a certain 
level, which varies widely with the nature of the antigen employed and the 
responsiveness of the animal injected, it becomes impossible to induce any 
further rise in the concentration of antibody in the circulating blood. 

Fig. 258 shows the effect of repeated subcutaneous injections of typhoid bacilli 
in the rabbit (Goldberg 1901). It will be noted that each successive injection 
raises the agglutinin titre, but that the increments tend to become proportionately 
smaller and smaller, the last injection on the 35th day producing a relatively 
trivial effect. 


200 H 


TOO- 


04 



0 
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P- 

80 

Time, 


120 

m Days 
Fig. 256. 
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Agglutinin production : response of an uninoculated person to a 
single injection of typhoid vaccine. 
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The importance of the secondary response (the injection de rappel” of the 
French workers, the “ boosting dose ” of the American), in practical iniimmology 
must be emphasized. rThe primary stimulus apparently '' conditions” the anti- 
body-forniiiig apparatus in such a way that a later stimulus from the same antigen 
induces a rapid and copious outflow of antibodies into the bloo(^ 

The study of antitoxin response to the immunization of man by diphtheria toxoid 
(see, for example, Jones 1938, Chesney 1939, and Chapter 61) and tetanus toxoids has 
thrown some light on the time relations of the primary and secondary responses. We 
may summarize the findings as follows : Both the serum antibody respionse and the 
‘‘ conditioning ” produced by a single dose of toxoid may be low ; large single doses are 
better than small. Two primary doses are better than one and the response is more 
effective as the interval between increases from 2 to 6 weeks. The response to a second 
dose at 6 weeks often has the marked character of a secondary response. Nevertheless, 
the “ conditioning ” process has not reached its maximum, for if a tliii’d dose is given 
2 to 12 months later, the antibody level rapidly rises to a new and higher peak, and declines 
proportionately slowly. The same applies to immunization against tetanus (see Bergey 
1934, Sacquepee and Jude 1937, Boyd 1938, Saequepee, Pilod and Jude 1938, Marvell 
and Parish 1940, Peshkin 1941, Evans 1943). Schutze (1941) records an experiment in 
which mice were immunized with two doses of typhoid vaccine, one group at an interval 
of one week, a second at an interval of four weeks. The titres in the second group were 
50 per cent, higher than in the first. 

It is a common observation that the response to an antigen of an animal whose serum 
already contains a low level of specific antibody is greater than that of animals without 
serum antibody. Jensen (1937), for example, employs the relation between the two to 
group children in an ascending scale of immunizability to diphtheria according to the 
antitoxin levels in their blood (see also Flood 1930). However, absence of circulating 
antibody does not necessarily indicate absence of a “ conditioned ” antibody -forming 
apparatus. Thus, marked secondary responses to diphtheria toxoid can be evoked in 
children with little circulating antitoxin, 5 years after immunization (see, for exainple, 
Volk, Bunney and Tripp 1943). 

The Enhancement of Response to an Antigenic Stimulus. 

The possibility of enhancing the antibody response to a given dose of antigen 
has been explored by immunologists for many years. Among the numerous 
procedures devised to this end we may note two kinds — enhancement of response 
by variation in the mode or route of inoculation, and enhancement by the addition 
of adjuvant substances to the antigen. With regard to the route of immunization, 
it is generally held that antigens in the form of large particles, like bacteria or 
animal erythrocytes, are most effective when given intravenously (see, for example, 
Marinelli 1937) while soluble antigens are best given into the tissues. If a soluble 
antigen is attached to coarsely particulate matter, it may be most effective by 
the intravenous route (Freund and Bonanto 1941). A probable cause of the 
relative inefficacy of intravenously injected soluble antigens is their rapid elimina- 
tion from the body. The same factor probably diminishes the stimulus of antigens 
injected into the tissues, for most of the procedures that increase antigenicity 
appear to act by hindering the release of antigen from the injection site. 

Variation in the volume of the inoeulum.—The experiments of Hartley (1935) indicah 
that the total volume of an immunizing injection, as well as its content in antigenic material 
has a significant influence on the antibody response, A series of guinea-pigs were injectec 
with a constant dose of diphtheria toxoid made up in a total volume of 0-5 ml. or 5^0 ml 
of saline. In repeated tests it was found that the animals receiving the larger volum 
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gave a far better iminunizing response. Timmerman and Brandwijk (1936a. h) confirmed 
Hartley’s results. Schmitz (1938), however, repeated the test in medical students, and 
found no difference either in antitoxin response or in the rate at which antitoxin disappeared 
from the blood. 

HispCTSoI of tJiQ iTioculu'i'yi tJiTOUQJi the tissues. — N stimulation of response reseniblina 
that of Hartley (1935) may be achieved by sub-dividing a dose of antigen into several 
smaller doses and injecting each into different sites in the animal. The response is greater 
than that produced by the whole dose administered singly (Ramon, Lemetayer et al. 1937, 
Miles and Pule 1939). 

The addition of adjuvants . — Adjuvants are usually intended for injection into the 
tissues, and are for the most part mildly irritant substances. Alum is one of the most 
widely used adjuvants. It was introduced by Glenny and his colleagues (Glenny et al. 
1926) for improving the antigenicity of diphtheria toxoid, but has since been applied to 
other toxoids and to bacterial vaccines hke those of H. pertussis (Chapter 74). Aluminium 
hydroxide is also effective (Hektoen and Welker 1933). Other successful adjuvants are 
lanohne in oil, cholesterol, salts of calcium and magnesium (Ramon et al. 1935) ; tapioca 
(Ramon 1937, 1939, Schmidt and Steenberg 1936) ; bacterial products hke typhoid vaccine 
(Ramon 1936), staphylococcal toxin (Burky 1934, Swift and Schultz 1930) ; tubercle 
bacilli (Preund and McDermott 1942) ; serum containing heterophhe antibodies (Kalinin 
et al. 1935). Both Glenny and Ramon attribute the action of alum and tapioca respec- 
tively to the stimulation of tissue lesions, from which the antigen is slowly liberated, thus 
providing a prolonged and continuous antigenic stimulus. ® 

The lesion produced by a single injection of alum -precipitated diphtheria toxoid is 
apparently the chief source of antigen for some time after its formation. Thus Blagov'e- 
chensky (1938) excised the lesion made by alum-toxoid at varying intervals after its 
formation in the skin of guinea-pigs and found that, within a period of 10-20 da^^s, the 
degree of immunity reached depended almost entirely on the length of time the lesion 
had remained in the body. 

The adjuvant effect has also been attributed to the high absorptive capacity’- of the 
substances employed. Aluminium hydroxide, for example, wiH absorb proteins in vitro 
(Hektoen and Welker 1933, Cohen and Mosko 1943, Holford, Ludden and Stevens 1943). 
Farago and Ujhelyi (1942) injected groups ofguinea-pigs with diphtheria toxoid alone, 
with toxoid and Al{OH )3 in the same injection sites, and with toxoid and Al(OH )3 in 
different sites. The average antitoxin responses in units per ml. after four weeks w’ere 
0-005, 0*4 and 0-02 respectively. In the last group the toxoid was apparently absorbed 
by the separately formed Al(OH )3 lesions, since lesions were antigenic when transplanted 
into normal guinea-pigs (see also Westwater 1940). It is in this case impossible to decide 
whether the in vivo absorption of toxoid was due to the Al(OH )3 or to the cells of the lesion 
it induced. Ramon (1936, 1938) holds that the inflammatory response to the adjuvant 
is paramount in the adjuvant effect (see also Schmid 1938a) and on this basis devised, 
a method of “ concentrated immunization,” in which small amounts of antigen are injected 
4 or 5 times daily in the same site for periods of up to three weeks. By this means an 
inflammatory lesion is rapidly produced, into which toxic antigens may be injected %vithotit 
inducing a general toxaemia. In all cases the final antigenic response to this proceduie 
was greater than that to the same total dose given in one injection. The mflammatioii 
was non-specific in its action, the response to tetanus toxin, for example, being incr^sed 
by injection into a site inflamed by another antigen (Ramon, Lemetayer et aL 193/). 

Fats are employed as adjuvants, and also for the purpose of modifying the toxicity 
of certain antigens (see Chapter 70). Ramon, Richou and Staub (1937) emulsified livmg 
0. diphtherice, Staph, aureus and B. anthmeis in lanoline, and on subcutaneous injectmii 
obtained in the first two cases good antitoxic immunity, and with B. anthracis a high 
antibacterial immunity. Since the bacilli alone had no such effect they concluded that 
the lanoline aUowed a local multiplication of the bacilli, production of toxins, a detoxication 
of toxins by the animal tissues without destruction of antigenicity, and a gradual release 
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of antigen from the injection site. Freund and Ms colleagues used lanoline to improve 
the antigenicity of heat-killed tubercle bacilli, and found that the size of the immune 
response depended on the size of the local lesion, which consisted of a non-necrotic inono- 
C 3 ^tiG reaction with fibrous encapsulation. The oil-tubercle bacillus niixtine itself proved 
to be an active adjuvant for other antigens— horse serum, avirulent pneumococci, diphtheria 
toxoid and Salm, typU (Freund et al, 1940, Freund and McDermott 1942, Freund and 
Bonanto 1944; see also Landsteiner and Chase 1942, Friedewald 1944). 

We may say then that the antibody response to certain antigens injected into the 
tissues may be increased by methods which appear to dimmish the rate of antigen release 
from the injection site. In the light of our discussion on the formation of antibody in 
the skin and lymph glands we cannot exclude the possibility that the local tissue reaction 
to some adjuvants includes cells capable of antibody formation, or that adjuvants act by 
increasing the number of antibody -forming centres in other parts of the body. In Hartley's 
(1940) experiments, for example, antibody was apparently formed in a predominantly 
macrophage nodule induced by Al(OH )3 (p. 1102). Moreover, bacterial substances of the 
Idnd that have an adjuvant action on other antigens have also been shown to stimulate 
the formation of the germinal centres in lymphoid tissue (see p. 1105). 

The Negative Phase, — Just as the injection of a considerable dose of a particular 
antigen into an animal that possesses a corresponding normal antibody may result 
in a temporary decrease in the concentration of that antibody in the circulating 
blood, the injection of a large dose of antigen into an animal that has already 
developed a certain concentration of antibody in response to earlier injections may 
be followed by a well-marked negative phase, which is usually followed in its turn 
by a rise in titre above the previous level. An illustrative example is afforded by 
the response of an immunized rabbit to two injections of horse serum, given intra- 
venously at an interval of 5 days (Fig. 259). The importance of avoiding this 
negative phase in therapeutic immunization has been emphasized particularly by 
Wright and his co-workers (Wright 1909), though others maintain that in these 
circumstances there may be little diminution in the total immunity. 

Schiitze (1939), for example, infected mice with a dose of Salm. typhi-murium sufficient 
to kill 50 per cent, of the animals in about 14 days. The injection of four substantial 
daily doses of a specific vaccine of proved efficacy, beginning on the second day of the 
disease, did not increase the average mortality or the average time to death of the mice 
that died ; in some experiments the vaccine appeared to save some of the mice. 

Here the immunization of animals with an already established infection increased 
neither the severity nor the fatality of the disease. It mnst he remembered, how- 
ever, that even though similar results were to follow tests of this kind with other 
infections, there may be conditions in which the negative phase is deleterious. 
Ill practice we are often concerned with the dangers of immunization of a herd 
that has been exposed to an infection, and that contains individual members 
who are invaded, but not yet infected, by the causal organism. In this case, a 
disturbance of the immune response may affect another perhaps more delicately 
balanced issue, namely the destruction or establishment of the invading organisms 
in the tissues of the host ; and immunization might be followed by an increase 
of morbidity within the herd. 

The diminution of circulating antibody in the negative phase, however, has 
implications other than a temporary depression of specific immunity in the animal. 
The newly injected antigen presumably combines with the antibody, and it is 
pertinent to inquire whether the antigen is modified by its union with antibody 

OHtzki (1935) succeeded in suppressing the antigenic stimulus of a bacterial vaccini 
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in rabbits, either by preliminary lysis of the bacteria and saturation of the contained 
antigens with homologous antibody, or by a preliminary saturation of the surface antigens 
of the whole bacteria with antibody and a simultaneous injection of an excess of antibody 
into the test animal. This “ blanketing ” effect of antibody on antigenicity is of con- 
siderable importance in such procedures as immunization against diphtheria by the com- 
bined method/’ in which antitoxin and toxoid are given at the same time^ the one to 
provide an immediate passive immunity, the other as the primary stimulus for a more 
lasting active immunity. It is clearly desirable that the primary stimulus should be 
effective as early as possible in order that active immunity is established before the passive 
immunity has disappeared. It is, of course, impossible to measure the active antibodv 
response to the primary dose of toxoid in the presence of the high concentration of passively 
administered antibody, but its effect on the antibody-forming apparatus can be estimated 
by the magnitude of the response to a second injection given some time later. If it is of 
the magnitude of a “ secondary response,” we may conclude that the primary dose has 
been effective. The results of a number of tests in man and ammais are to some extent 
conflicting, but there is little doubt that if iarge doses of antitoxin are given, the toxoid 
may be partly blanketed and the development of active immunity delayed and inhibited 
to a variable degree (see Downie et al. 1941). The problem is fuUy discussed in Chapter 61, 
but we may note here that the blanketing effect is less apparent when relatively msoluble 
antigens are used, alum precipitated toxoid being more effective than fluid toxoid (Gundel 
and Kdnig 1938, Phair and Root 1942), and that by careful spacing of the subsequent 
doses of toxoid, the interval between declining passive and increasing active immunity 
may be made relatively small. The same considerations hold in combined active and 
passive immunization with tetanus toxoid and antitoxin (Ramon 1938, Cooke and Jones 
1943, Gold and Backers 1943). 

The Response oi the Antibody-forming Apparatus to the Administration of Antigens 
otherwise than by Injection into the Tissues, 

In defining the properties of an antigen on p. 194, it was stated that it 
should stimulate the formation of an antibody when introduced pm enierally 
into the body. This caveat 
was included in the definition 
because administration via the 
intestinal tract does not ensure 
the passage of the antigen 
to the tissues in an unal- 
tered and efifective form. It 
may be broken down by the 
digestive enzymes. If it is not 
acted on by them it may never 
pass through the intestinal 
mucosa. Whether, in fact, any 
particular antigenic material 
administered by this route 
reaches the tissues in an un- 
altered form can only be deter- 
mined by direct experiment. 

The available evidence suggests 
that some bacterial antigens, 
but not aU, induce the formation 
of specific antibodies when ad- Agglutinin production : response of a previously inocu- 
ministered by tbe mouth. injection of typhoid vaccine. 



Fig. 257. 
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Ttus, tlie admiaistration per os of killed suspensions of flagellated bacilli of the typhoid- 
paratyphoid group results in the production of somatic (0) agglutinins, but flagellar (H) 
agglutinins are either not produced at all, or only to low titre (Pijper and Dau 1930, Green- 
wood, Topley and Wilson 1931). The same difference between the formation of H and 0 
agglutinins appears to hold in the case of the cholera vibrio (Pfeiffer and Lubinski 1930). 
Dysentery bacilli, which are non-flagellated, induce the formation of somatic agglutinins 
when administered by the mouth (Kanai 1921, Otten and Kirscliner 1927) ; and it is 
probable that analogous effects are produced by many other bacterial cells (see for instance 
Ross 1926, 1930, 1931, 1932, 1934, Downs and Bond 1937, Moor and Brown 1937, Torikata 
and Imaizumi 1938). It appears that the Vi antigen of the typhoid bacillus is ineffective 
by the oral route. Guarnacci (1939), for example, obtained low H and 0 titres in 68 per 
cent, of 227 persons given an oral vaccine of a (Vi + 0) strain, but no Vi agglutinins. 

In all cases it would seem that administration per os is far less effective than inoculation 
into the tissues, in the sense that much larger doses have to be given and the antibody titre 
attained is usually lower. 

As regards other routes of entry, Stillman (1927, 1930) has shown that protective anti- 
bodies are produced in rabbits after the administration of living pneumococci by inhalation 
but here we may be dealing with an active infection and consequent tissue invasion by living 
bacterial cells. ^ 

The intranasal application of diphtheria toxoid, by instillation, insertion on pledgets 




- Fig. 259. 

Precipitin production : effect of intravenous irjec* 
tmn of horse serum into an immunized rabbit. 
(Dean and Webb, 1928.) 
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of cotton wool, or as an atomized mist (Jensen 1937, Bousfield and Kmg-Bro\ui 193S, 
Fraser et at. 1940, Kodama, Sato and Hata 1940, Sato and Kodama 1940,'"sordelli et al. 
1942) acts as an effective stinmlus to antitoxin formation, tliougli less effectn'e tliaii 
injection into the tissues. SordelH and his colleagues (1943) tested a number of antigens 
by the nasal and subcutaneous routes, and noted that Salm, typlii was ineffective by the 
nose ; and that compared with subcutaneous injection a Br. suis endoantigen was less effec- 
tive, staphylococcal toxoid equally effective, and tetanus toxoid more effective by the 
nasal route. Antibody response to intranasal vaccines of the influenza viius has also 
been demonstrated (see Chapter 88). 

It seems justifiable to conclude that the administration of non-living antigenic 
material by various routes other than directly into the blood stream or tissue 
spaces will often result in antibody production, but that none of these alternative 
routes is usually either so certain or so effective. 

The Nature oi the Substances that stimulate Antibody Production. 

In the preceding discussion we have been concerned with antigens of the chemi- 
cally complex type, ranging from purified proteins to crude suspensions of bacteria 
or other cells. We Lave discussed in Chapter 7 the validity of the hypothesis that 
only proteins or protein-containing substances can induce an antibody response 
when injected into the tissues. It is clear that protein- free derivatives of fully 
antigenic substances not only act as haptens, but in some cases are themselves 
fully antigenic. There can be no doubt of the validity of Landsteiner’s broad 
distinction between complete antigens and haptens, or of the association between 
decreasing chemical complexity, or molecular size, and a progressive loss of antigenic 
function ; but it is not possible to predict at what stage in the degradation of a 
given antigen the complex will lose its full antigenic powers. In this connection 
it is instructive to consider the main type-specific antigen of the pneumococcus. 

All the early studies on the purified polysaccharide components isolated from 
various bacteria, and in particular from pneumococci, suggested that these sub- 
stances had the properties of haptens, and induced no immunizing or antibody- 
forming response when injected into the tissues. But observations have since 
accumulated which are diffictdt to reconcile with such a view. 

Schiemann and Casper (1927) reported that the purified specific polysaccharide of the 
Type I pneumococcus, when injected into mice, produced an active immunity against living 
Type I pneumococci, but not against other types. They noted that this immunity was 
induced by the injection of small, but not of larger, doses. Schiemann (1929) recorded 
the immunization of mice by the injection of Type II pneumococcal polysaccharide, and 
noted that the blood of these immunized mice contained protective antibodies ; though 
he was unable to demonstrate antibody production in rabbits. Francis and Tillett (1930) 
recorded observations suggesting that persons who were given repeated intradermal injec- 
tions of the purified polysaccharide of Type I, II or III pneumococcus, developed a specific 
local response which took the form of an immediate wheal and erythema ; and that this 
response was associated with the appearance of specific antibodies in the blood. Similar 
observations have been reported by Finland and Suthff (1932) and by Zozaya and Clark 
(1932). Zozaya and Clark (1933) recorded the immunization of mice with polysaccharide 
fractions from Types I, II and III pneumococci, and noted that small doses were more 
effective than larger ones ; but their results were irregular except when the polysaccharides 
were adsorbed on collodion particles or on carbon. 

Later studies by Avery and Goebel ( 1933) have thrown further light on this question. 
They were able to show that the Type I pneumococcal polysaccharide, as it occurs in the 
bacterial capsule, possesses acetyl groups. These groups are lost during the separation 
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and purification of the polysaccharide by the methods which have been commonly em~ 
ployed. The acetylated form was found to induce active immunity in mice, when it was 
administered in small, but not in large doses. It did not induce antibody production in 
rabbits. Analogous results have been recorded in relation to other bacteria. For example, 
in Sahn, typhi and Br. melitensis the fipopolysaccharide 0-substance is fully antigenic ; 
whereas in Sh. sUgce the antigenicity of the 0 -substance is lost when the association 
between the polypeptide and lipopolysaccharide moieties of the molecule is destroyed 
(Chapter 8). 

The Response o£ the Antibody-forming Apparatus to Active Infection 

The examples given above all refer to the response of the antibody -forming 
apparatus to the experimental injection of non-living antigenic substances. We 
may close this section with a few examples of its response to natural infections of 
the clinically obvious type. For simplicity we may confi.ne our attention to acute 
infections, noting, however, that in the case of subacute and relapsing diseases, 
such for instance as tuberculosis, there is evidence that the antibody titre fluctuates 
as the infection varies from quiescence to activity. 

As a typical example of an antibody curve during the course of an acute febrile infection 
Tve may take some of the numerous observations that have been made on patients suffering 
from typhoid fever. Figs. 260 and 261, constructed from data recorded by Jorgensen 
(1905), show the fluctuations in typhoid agglutinins during a typical attack of the disease, 
and during the terminal stage of a primary attack and the two relapses which in this case 
immediately followed it. The clinical course of the disease is, in each case, indicated by the 
fluctuations in temperature. It will be noted that, in the second of these cases, the agglu- 
tinin response during the primary attack was unusually feeble. 

The Response of the Antibody-forming Apparatus to Non-Specific Stimuli. 

Since the serum antibodies react specifically with their corresponding antigens 
it is natural to suppose that they will be formed de novo only in response to the 
specific stimulus provided by the introduction into the tissues of the antigen con- 
cerned. In making this supposition we must, however, be very careful to limit 
its implications. We must recollect, as has been emphasized in Chapter 8, thatwe 
are concerned with chemical substances, and not with particular species of bacteria 
or particular types of cell. We know that certain antigens are shared by several 
bacterial species ; and the production, in response to the introduction into the 
tissues of one bacterium containing antigens a and cr, of antibodies acting on another 
bacterium containing the antigens h and x is, in so far as it depends on the produc- 
tion of antibody X, a strictly specific response in the only sense with which we 
are here concerned. With these limitations, our supposition is in accord with all 
the recorded facts. The available literature contains no instance in which the 
introduction into the tissues of a substance of known chemical constitution has 
led to the production de novo of an antibody reacting specifically with a second 
substance, the chemical constitution of which bears no relation to that of the first. 

If we turn to the production of a, normal antibody in increased amount, a rise 
in the titre of an antibody previously produced in response to a specific stimulus, 
or the reappearance of such an antibody after the titre has fallen to zero, it is clear 
that our supposition no longer holds on a priori grounds. There would be nothing 
remarkable in an antibody-forming apparatus that had once produced, and possibly 
stored, a particular antibody, turning that antibody into the circulation anew, 
or in greater amount, in response to some non-specific stimulus which increased 
the activity of the apparatus without directing it into any particular channel. 
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Pig. 260. 

Rise and fall of agglutinins in blood of patient during an attack of typhoid fever. 

(After Jorgenson.) 



f'luctuations of agglatinins in blood of patient during attack of typhoid fever, followed by 

two relapses. 

(After Jorgensen.) 
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WTaetier or not this type of non-specific stimulation occurs can bo settled only by 
empirical trial. 

tliis connection we may note a terminological confusion wHicli lias sometimes aiisen 
in the Uterature. The production, in response to an antigenic stimulus, of an antibody 
that has been produced in the tissues on some previous occasion, is often referred to as an 
anamnestic reaction recollection). Sometimes this term is used in connection 

with the type of non-specific stimulus to which we have just referred— the tissues are stimu- 
lated to general activity, in which is included the renewed production of a particular 
antibody that had been formed at some time in the past. Sometimes, perhaps more 
accurately, it is employed in reference only to those instances in which the particular chemi- 
cal stimulus concerned formed part of the earlier experience of the antibody-producing cells. 
In this limited sense it is clearly synonymous with the secondary response, in the sense 
defined above, and has no reference to the problem with which we are here concerned. 

Several observers have recorded a stimulation of antibody production as the 
result of excessive or repeated bleeding. 

Triedberger and Dorner (1905) stated that the withdrawal of considerable amounts of 
blood, either shortly before an immunizing injection, or within a few days thereafter, had 
a definitely stimulating effect on the subsequent antibody production. Hektoen and 
Carlson (1910), in the experiments already referred to, found that bleeding a dog dry during 
the initial latent stage of active immunization and immediately transfusing it with the 
blood of a normal dog appeared to increase the production of antibodies. Hahn and 
Langer (1917) have reported experiments in which they observed a marked increase in 
agglutinin titre in 4 rabbits as the result of repeated daily bleedings. Trommsdorf ( 1921) 
has recorded an increase in agglutinins for the diphtheria bacillus as the result of daily 
bleedings. Other workers (Hlmger 1918, Landau 1918) have however failed to coniirm these 
results. It may be noted that an opposing factor is brought into play when an immunized 
animal is subjected to massive repeated bleeding. The mere withdrawal of considerable 
quantities of blood would, of itself, tend to lower the titre of the circulating antibodies 
if the antibody- forming apparatus did not share in the subsequent activity of the hsemo- 
poietio tissues. That immunized animals may suffer extensive bleedings without any 
detectable and lasting fall in antibody titre has long been known (Roux and Vaillard 1893). 

Monaco (1939) immunized rabbits with a heat-kihed typhoid vaccine, and, 4 months 
after the last injection, exposed them for 30 minutes to low oxygen pressures ; seven 
exposures were made on alternate days. There was after each exposure a transient rise 
in blood-agglutinins, and compared with control animals, the exposed animals maintained 
a higher titre of agglutinins both during and after the exposures. Monaco suggests that 
agglutinins were mobilized in the blood by the stimulus — oxygen lack — which mobilized 
the erythrocytes. The effect is clearly analogous to that of bleeding. 

It may be accepted that bleeding does act as a stimulus to antibody produc- 
tion in the same sense that it acts as a stimulus to the production of the serum 
proteins in general ; that is, there is an active response tending to make good the 
loss sustained. Whether this particular stimulus suffices to force the titre, tran- 
sitorily or for longer periods, far above the pre-existing level is more doubtful. 

Another procedure that has been stated to supply a non-specific stimulus to 
the antibody-forming apparatus is the injection of various metallic salts, colloidal 
solutions or other substances. We may ignore, from our present point of view, 
those instances in which the effect of such injections is limited to an increase in 
the bactericidal power of the blood. Such effects will be more conveniently con- 
sidered in Chapter 52. 

WalLum and his collaborators (Walbum and Morch 1923, Walbum and Berthelsen 
1926, album 1925, 1926, Schmidt 1926, 0rskov and Schmidt 1928) have recorded 
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numerous experiments along these lines. They conclude that the mjeutioii of salts of 
certain metals, especially those of cobalt, manganese and beryllium, causes an increase m the 
production of antitoxin, or of agglutinins, if given early in the course of immunization, and 
leads to a secondary rise in titre, if injected when the antibody titre has coninieiiced to 
fall- Several investigators have, however, failed to confirm these observations ( i\IeIntosh 
and Kingsbury 1924, Horgan 1925), and the protocols included in some of AValbum's 
reports suggest that the response is very irregular. 

Steabben (1925) studied the effect of various colloids on antibody production. Using 
agar, gelatin, a silver sol and an iron sol, she found that the injection of these colloids 
had no power to increase the antibody titre when this had become steady, though the 
injection of such a colloid at the same time as the bacterial antigen might increase the 
antibody response. This last effect is clearly analogous to the adjuvant action of certain 
substances on the response to an antigen, already discussed on p. 1115. 

Obermayer and Pick (1904) recorded that animals immunized 3 months previously 
showed a fresh formation of precipitin after the injection of a 5-10 per cent, solution of 
peptone. Fleckseder (1916) stated that the injection into human beings of deutero- 
albumose or nucleic acid gave rise to an increase in the agglutinins for typhoid bacilli which 
were already present in detectable amount in the subjects in question. Weichardt and 
Schrader (1919) noted a definite increase in agglutinin titre after the injection of deutero- 
albumose, sodium iiucleinate or milk. Matsuda (1924) reported that the injection of 
deuteroalbumose was followed by a secondary increase in the disappearing viricidal 
antibodies in the blood of vaccinia-immune animals. Wahl (1938) records a similar effect 
in rabbits immunized against Salm. typJii and V. cJiolerce. Weichardt (1922) and Wahl 
both review the data with regard to the effect of protein substances as non-specific stimuli ; 
in most oases the stimulus is irregular, and the antibody response is small compared with 
that to a specific antigenic stimulus. 

Finally we may consider those cases in which the non-specific stimulus is pro- 
vided by a complex antigen, similar in type to that providing the initial specific 
stimulus but possessing no known common antigenic factor. So far as this anti- 
genic dissimilarity is in fact complete the case does not differ in its essentials from 
those we have considered above. 

Dreyer and Walker (1909) recorded a secondary rise in agglutinins for Bad, coli, follow- 
ing the intraperitoneal injection of killed staphylococci into previously immunized rabbits. 
Conradi and Bieling (1916) state that rabbits immunized against Salm, tijpki show a 
secondary rise in agglutinins after various non-specific stimuli, such as those provided by 
the injection of Bad. coli, dysentery baciUi and C. dipJithericB. Tsukahara (1921) records 
a series of experiments which are highly suggestive. He injected rabbits with typhoid, 
paratyphoid and dysentery baoiUi, using one organism as the primary specific stimulus 
and another as the secondary non-specific stimulus, and noted many instances of a secondary 
rise in agglutinins. A careful perusal of his protocols, however, indicates very clearly that, 
where the secondary response was well marked, there was some antigenic relationship 
between the two kinds of bacteria employed, indicated by the fact that a primary inoculation 
with one of them was followed by a slight but definite production of antibodies acting on 
the other. This fact, of course, excludes these particular examples from the category which 
we are considering. 

Rosher (1924) was unable to detect non-specific stimulation of antibody production 
in any of the following instances : primary specific antigen Bad. coU, secondary non- 
specific inoculum Staph, auttus ; primary specific antigen Bad. coli, secondary non-specific 
inbculum sheep’s red cells; primary specific antigen Salm. A, secondary 

non-specific inoculum suspension of mixed unrelated bacteria ; primary specie antigen 
Salm. typhi, secondary non-specific inoculum Salm, paratyphi B ; primary specific antigen 
Salm. enteritidis, secondary non-specific stimulus infection with living tubercle bacilli. 
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In all cases in which this point was examined, the secondary inoculum acted as an 
effective primary specific stimulus, inducing the production to a relatively high titre 
of antibodies reacting with its own antigenic components, while leaving the titre of 
antibodies acting on the previously injected antigen unaltered. Analogous results had 
been noted by many of the observers referred to above. 

To summarize, we may say that there is some evidence that non-specific stimuli 

extensive bleeding, or the injection of metallic salts or colloids or protein solutions 

or unrelated bacteria— may induce (a) an increase in the titre of a normal antibody, 
(6) an increase in the production of immune antibodies when administered during 
the early stages of immunization, or (c) a secondary rise in titre when administered 
after the effect of the preliminary specific immunization has reached its maximum, 
or declined from it. The effects summarized under {b) may well be due to adjuvant 
effects such as we have discussed above. Wahl (1938) indeed attributes them to 
the induction of an inflammatory lesion which absorbs and retains antigen still 
present in the body. The responses falling within these categories are, however, 
irregular, usually trivial, and never comparable to those which follow the reinjection 
of the specific antigen. It is quite certain also that the injection of a given antigen 
may stimulate the antibody-forming apparatus to the energetic production of the 
corresponding antibody, without any detectable production or mobilization of 
antibodies acting on an unrelated antigen to which it had previously responded. 

The Fate of Antibodies when injected into a Normal or Immunized Animal. 

This is a convenient place in which to note a series of observations which, while 
not immediately related to the phenomena that we have been discussing, are of 
considerable practical importance. 

When we inject an antibody-containing serum into a normal animal, the rate 
at which it reaches the blood stream and the maximum concentration which it 
there attains are in great part determined by the route of injection. Obviously 
we shall obtain the most rapid effect by injecting our antiserum intravenously. 
Injection by any other route will involve a lag period before the maximal con- 
centration is reached in the circulating blood ; and since the antibody-containing 
serum is being slowly eliminated throughout the whole period the concentration 
in the blood and tissue fluids in general will reach a lower level. 

Smith (1907) records a series of experiments that serve to illustrate these points. 

Fig. 262 shows the disappearance of agglutinins for Bact. coli from the blood of a rabbit 
after an intravenous injection of the serum of an immunized goat. 

Fig. 263 shows the effect of inoculating the same serum subcutaneously. It will be 
noted that the maximal concentration of agglutinin in the circulating blood is not reached 
until 53 hours after the injection. 

Fig. 264 shows the concentration of antitoxin in the circulating blood of a human 
subject at varying intervals after the subcutaneous injection of an antitoxic serum. It 
will be noted that the peak is not reached until the 3rd or 4th day. 

The intravenous injection of antiserum is not necessarily followed by an immediate 
estabhshment of a maximum antibody level in the blood. In man, Finland and Brown 
(1938) noted that maximum titres were not reached until 5 and sometimes 10 hours after 
intravenous injection. This phenomenon is not readily explained, except in terms of 
a rapid absorption of antibody to the tissues, and a subsequent shift in the blood-tissue 
antibody equihbrium, during which antibody is released into the blood. The studies of 
Fink et al, (1944) on the metabolism of plasma proteins in the dog provide some support 
for the explanation, for it appears that the plasma proteins are normally in constant and 
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rapid exchange with a readily mohilizable pool of body protein. It is not impossible that 
injected antibodies may participate in this exchange. In this connection wo may note 
that a large proportion of intravenously injected antibody may disappear from the circu- 
lation in a relatively short time. For example, Sodallian, Jourdan and Clavel (1937) 
replaced the blood of normal rabbits with that from actively immune rabbits, and found 
that within 10 minutes the antibody titre was one-tenth that to be e.xpccted on the basis 
of dilution of the donor blood in the blood of the recipient animal. 

It may be noted that an antiserum injected into the peritoneum rapidly reaches 
the blood stream via the thoracic duct, so that the effect does not differ greatly 
from that of an intravenous injection. After an intramuscular injection an anti- 
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serum reaches the blood stream more slowly than after an intraperitoneal injection 
hut more rapidly than after a subcutaneous injection. 

Another point of some importance in connection with passive immunization 
is illustrated in Figs. 265 and 266 (Glenny and Hopkins 1922). 

In Fig. 265 is recorded the rate of disappearance of antitoxin from the cir- 
culation of 3 normal rabbits after the intravenous injection of 0*5 ml. of diphtheria 
antitoxin, derived from the horse. Fig. 266 gives a similar record in the case of 
3 rabbits that had received previous inoculations of horse serum. These were 
immune ” or sensitized ” to horse serum — the relation of the immune to the 
sensitized state is discussed in Chapter 51— and in consequence eliminated 
the antibody from their circulation much more rapidly than did the normal rabbits. 
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Tlie same pherLomeiiori 'will occur wlieii a person who has previously received an 
injection of horse serum is given an antitoxic or antibacterial serum derived from 
that animal (see Hooker and Follensby 1931). 

The influence of previous sensitization may be even more marked "when an antiserum 
is injected by the subcutaneous or intramuscular route. The cells of a sensitized or im- 
munized animal take up, or fix, some of the antibody distributed throughout the tissues via 
the circulating blood. As a result these cells, or some of them, are able'to combine specific- 
ally with the corresponding antigen. The intracutaneous, subcutaneous or intramuscular 
injection of an antiserum prepared in the horse into an animal already sensitized to horse 
serum, appears to be followed by the fixation of a large proportion of the serum at, or 
in the neighbourhood of, the site of injection, with a consequent reduction in its therapeutic 
or prophylactic effect (see Kahn and McDermott 1934, Kahn 1934, Schmid 19386). Tlif* 
fixation is not necessarily due to an absorption of the injected serum to antibody specific 
for it in the tissues. The inflammatory lesions that follow the injection into the sensi- 
tized tissues may also hold the serum in a non-specific manner. Finland and Brown 
(1938) record that the absorption of antipneumococcal sera wms .slowest with sera that 
induced the more severe local reactions upon intramuscular injection. 

The Physiological Pate of Antibodies. — The disappearance of passively administered 
antibody from the circulation within a few weeks suggests that they are rapidly meta- 
bolized by the tissues. Normal plasma proteins, including globulins, are utilized by the 
body as food-stuff (see, for example, Holman et ah 1934) and it is reasonable to assume 
that antibodies are similarly susceptible to tissue enzymes. In this case the antibody 
levels observed in the blood of actively immunized animals must be maintained by an 
excess of production over destruction, a destruction which presumably is as ra]fid as that 
of passively injected antibodies. Heidelbergcr, Schoeiilieimer and their colleagues (Heidel- 
berger et al. 1942, Schoenheimer et ah 1942) using dietary ainino-aeids marked witii isotopic 
nitrogen i^i^) have shown that the dietary amino-acids are incorporated into the ])lasma 
proteins, including the antibodies, of an actively immunized animal, but not into passively 
injected antibodies. The rate of appearance and disappearance of the marked nitrogen 
from the blood stream indicated that antibody was formed rapidly from the dietary ainino- 
acids, and had a “ half-life” of about 2 weeks, a finding which accords well vith tht‘ 
inferences drawn from the data for the disappearance of passively admim.stered antibody. 

The Mechanism of Antibody Formation . 

As to how antibodies are formed, with the single exception of Pauling and 
CampbelTs (1942) work, we have no positive knowledge that is based on direct 
experiment. In the early days of immunology the hypothesis that the injected 
antigen was in some way incoipoxated in the antibody was tentatively advanced. 
It had the obvious merit of offering a possible explanation of specificity, hut was 
soon abandoned because of the enormous quantitative disparity between the 
antigen injected and the antibody formed. More recently it has been revived in 
a less direct form ; but it is difficult to accept in any form at all. 

In certain of the experiments recorded above it was calculated that the dose of active 
antigenic material injected into a 2,000 gm. rabbit was of the order of 0*000,000,5-0*000,005 
mgm., yet this dose might result in the production of agglutinin to a titre of 1 : 500. Hooker 
and Boyd (1931) have calculated that, taking such relationships into account, one molecule of 
active antigenic substance must give rise to an amount of antibody globulin sufficient to ag- 
glutinate 600 bacteria ; and, since the surface relationship betvreen one molecule of globulin 
and 600 bacteria is of the order of 1 : 25,000,000, there seems no room for any hypothesis 
which assumes the permanent incorporation of any fraction of the antigen in the antibody 
complex. Berger and Erlenmeyer ( 1931 ) and Hooker and Boyd ( 1931, 1932) have examined 
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this question experimentally, using a linked synthetic antigen containing arsenic, and test- 
ing for the presence of arsenic in the antibody- containing serum. These tests wore entirely 
negative and the hmits thus set to the amount of antigen present in the antiserum appear 
to render it impossible that a molecule of antibody can contain any grouping derived 
from the antigen. If the antigen is incorporated in the antibody at any stage in the 
formation of the latter, it must apparently be released again, perhaps leaving its impress 
on the complex of which it once formed a part, and by repeated reassimilation modifying 
successive fractions of the serum globulin (see Topley 1930). 

A working hypothesis of the method of antibody formation, that has a reason- 
able a priori probability and accords well with our present knowledge of the structure 
of antigens and antibodies, has been put forward independently by Breinl and 
Hanrowitz (1930), Alexander (1931) and Mudd (1932). Ignoring minor differences 
in the views of its sponsors, this hypothesis assumes that all antibodies are globulins 
newly synthesized under the directing influence of the antigen. This influence 
is exerted through a union, physical or chemical, between the peptides or amino- 
acids and the active groupings of the antigen, during the globulin synthesis. Mudd 
lays special stress on the point that this synthesis occurs at the interface between 
the antigen and the surrounding fluid, a point of particular interest in view of the 
observation that the antibody content of an antibacterial serum seems to be largely 
determined by the nature of the active groupings at the cell surface. The globulin 
thus formed is assumed to be dissociated from the antigen after a certain stage 
has been reached, and the latter is thus able to leave its stereochemical imprint 
on successive molecules of antibody globulin, synthesized under the same con- 
ditions. Breinl and Hanrowitz would locate this synthesis in the reticulo-endo- 
thelial cells, the antibody globulin being released when these cells disrupt ; or, as 
Sabin (1939) has suggested, both normal and antibody globulin may be shed into 
the blood stream from the outer layer of the reticulo-endothelial cell. Pauling 
(1940) has reviewed the physico-chemical bases of the hypothesis, and considers 
that the diflerence between normal and antibody globulin lies not in the ordering 
of the amino-acid residues of the polypeptide chains, but in the manner of the 
folding of their otherwise similar constituent polypeptide chains, to form poly- 
peptide laminae and ultimately the globular protein. According to Pauling, the 
ends of the folds, which when packed together will constitute one of the surfaces 
of the completed molecule, are capable of taking up many configurations, whose 
variety and stability are determined by the presence of an excess of proline and 
hydroxyproline residues at the point of folding. When an antigenic substance 
wdth a well-defined configuration of active groups is present in the cell, it influences 
the configuration at the ends of the folded polypeptide chains, thereby inducing 
the formation of an antibody receptor. Pauling suggested that if globulin mole- 
cules were unfolded by denaturing agents and allowed to re-fold in the presence 
of an antigen or hapten, antibody might be formed. 

Pauling and Campbell (1942) reported the in vitro synthesis of antibody-like protein 
by this means, thus providing strong support for their hypothesis. When ox y-globulin 
was partly denatured by exposure to 57° C. for 14 days, in the presence of the azo-dye 
dihydroxy-tri (p-azophenylarsonic acid) benzene, a precipitate of dye and protein was 
formed, presumably consisting of modified globulin xmited specifically to the antigen.” 
The dye was then displaced from the insoluble complex by dialysis against a solution 
of its determinant ” group, namely sodium p-amino-phenylarsonate, and the arsonate 
then removed by dialysis against NaCL About 16 per cent, of the protein in the resulting 
solution had certain antibody properties ; it was specifically precipitated by the azo-dye, 
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and precipitation was speoificaUy inhibited by the arsonate. A similar specific modifica- 
tion of ox-globulin was produced, using the polysaccharide of the Type III pneunio. o.vu.-, 
as the “ antigen.” 

Burnet {1941) has pointed out a number of features of anti bodv-fon nation that 
do not accord well with the scaffold ” hypothesis. In the first^ place the hypo- 
thesis demands the presence of antigen in the tissues as long as active iiiiniunitv 
lasts. Immunity to smallpox, for example, may last 20 years (see Chapter 86). 
Are we, therefore, to conclude that the smallpox antigens remain in the tissues 
for 20 years ? We can clearly postulate a persistence or a slow multiplication of 
virus in the body over this period, or the maintenance of immunity by continued 
reinfection (see Chapter 55). At present, however, the evidence for this view 
is purely question-begging, in that it is based on observations of long-lasting 
immunity. As regards the persistence of inanimate antigen, we have little relevant 
information. Antigenic material like bacteria and red cells rapidly disappears 
from the reticulo-endothelial cells, but we have no basis for supposing that their 
constituent parts disappear with equal rapidity, and it is not necessarily absurd 
to assume that long-lasting immunity is equivalent to a long-persisting antigen. 
But even so, we shall have to decide where it persists. Returning to our small- 
pox example, it is reasonable to suppose that in 20 years the reticulo-endothelial 
cells of the tissues will be the remote descendants of those that originally ingested 
the antigen, in which case the persisting antigenic units must pass to one of the 
daughter cells at each division. Burnet prefers the assumption of an antibody- 
forming capacity, independent of the continued presence of antigen, which is trans- 
mitted to descendant cells by some hereditary process. 

He postulates that the serum globulins are products of self -reproducing, intracellular, 
globulin proteinases, and represent a stage in synthesis when the molecule has the essential 
structure of the enzyme, but is without enzymic activity. At this stage it may be turned 
out into the circulation as a globuHn. In the cell, however, the synthesis proceeds to 
completion, and more proteinase is formed. In the presence of antigen, the configuration 
of the proteinase is modified so as to hydrolyse the antigenic matter, and, when the antigen 
is gone, the proteinase reproduces itself in the modified form, both in the original cell 
and its descendants. According to Burnet, the continuously accelerated output of antibody 
observed during the secondary response is characteristic of an autocatalyrtic process such as 
he postulates, not the production of antibody from a fixed number of antigenic scaffolds ; 
and he attributes the change in reactivity of antibody observed with prolonged immuniza- 
tion (see Chapter 7) to the profounder modification of the globulin proteinases by the 
products of a more complete intracellular hydrolysis of the antigen. 

We are not in a position to decide between these hypotheses. Both depend 
upon arguments by analogy with other biological processes, and it is not in all cases 
clear how relevant these analogies are. The student is referred to Pauling (1940) 
and Burnet (1941) for a fuller discussion. The evidence is also reviewed by Sevag 
(1945), who develops the conception of antigens as specific catalysts of antibody 
formation, basing his argument on a number of analogies between the properties 
of antigens and enzymes. This, it may be noted, is in direct contrast to the views 
of Burnet, who regards antigens as modifiers of the intracellular proteinases. 
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SUMMARY 

(!) T1i6 availabl© cvidcncG indicates that the cells of the reticiilo-eiidothelial 
system, ^hich are known to remove injected antigenic material from the blood and 
tissue flnids, play an essential part in the production of antibodies. Whether 
these cells themselves produce the antibodies in their final and complete form, or 
whether their role is confined to the temporary retention of antigen and its sub- 
sequent liberation in an altered or unaltered state, the actual synthesis of antibodies 
occurring elsewhere, cannot yet be determined. The present indications are that 
the part played by the reticulo-endothelial system is not confined to the retention 
and release of unaltered antigens. There is also evidence that lymphoid tissue is 
concerned in the production of antibodies. 

(2) The antibody-forming apparatus responds in a characteristic way to a 
specific stimulus provided by the introduction of an antigen into the tissues. This 
response differs as regards its time relations, extent and even its occurrence or non- 
occurrence, in different animals and with different antigens, but its general form 
is of a well-defined type. Following an optimal injection of an antigen which 
evokes an effective primary response there is a lag period of a few days followed 
by the appearance in the blood of the corresponding antibody. The titre of this 
antibody rises rapidly to a maximum which is usually attained between the 10th 
and 22nd day after inoculation. It then falls, at first rapidly then more slowly, 
reaching a level which is maintained with little alteration for several months. The 
final disappearance of antibodies from the blood stream may not occur for many 
months, or even years. 

(3) The amount of antibody produced in response to a single injection of antigen 
varies with the amount of antigen injected. There is a threshold dose — often 
extremely small — below which no response is obtained. With increasing doses 
there is an increase in antibody production as judged by the maximal titre attained 
in the blood, but the increase is not in simple proportion ; a large increase in 
dosage usually results in a relatively smaler increase in titre. As the dose increases 
still further the ratio of increase in titre to increase in dose grows smaller and 
smaller, until a maximum effective dose appears to be attained, provided that a 
lower limit, of dosage is not imposed by the toxicity of the antigenic material. 

(4) The antibody-forming apparatus is capable of responding simultaneously 
to the injection of several different antigens, but with more than two or three 
antigens the multiple response tends to be less effective against any one antigen 
than if it were responding to that antigen alone. 

(5) The antibody-forming apparatus displays a characteristic difference in its 
response to primary and subsequent injections of the same antigen. Following 
a secondary stimulus antibody production is usually more rapid and more copious 
than after the primary stimulus, and the decline in titre of circulating antibodies 
after a maximum has been reached is usually delayed. An immunized differs 
from a normal animal, not only in the possession of a particular antibody, but in 
its capacity to produce that antibody rapidly and in large amount in response to 
the specific stimulus. 

(6) Kepeated inoculations are on this account more effective in raising the 
antibody titre to a high level than a single injection, even of a very large dose. 
Just as there appears to be a limit to the titre that can be attained by increasing 
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tlie size ot a single dose of antigenic material so there is a limit beyond which 
repeated injections fail to force the titre. 

(7) The injection of a large dose of antigen into an anirndl in whose blood the 
corresponding antibody is present frequently results in a temporary fail in the 
concentration of that antibody, followed in most cases by a secondary rise. 

(8) Antibody formation may be induced by the administration of antigens 
by the mouth, by inhalation, or by intranasal instillation. Administration by 
these routes is, in general, less effective than direct inoculation into the tissues. 
In the case of administration per os there is evidence that antibodies may be pro- 
duced against certain antigenic components but not against others. 

(9) Although the majority of naturally occurring antigens are proteins, or 
contain protein components, recent observations have shown that other substances, 
such as complex polysaccharides, are capable of inducing an active immunity, 
and of stimulating antibody production. 

(10) The antibody-producing apparatus may in certain conditions be stimulated 
by non-specific substances. Two effects may be distinguished : 

(a) An adjuvant action of substances injected into the tissues simultaneously 
with antigen, or during the period of increasing antibody response. Adjuvants 
appear to act mainly by inducing tissue lesions from which the absorption of 
antigen, and its consequent elimination, is retarded- A stimulus to the multiplica- 
tion of antibody-forming cells cannot be excluded from the adjuvant effect. 

(b) A stimulation of the antibody-forming apparatus that results in some 
increase in the concentration of a normal antibody or in the renewed production 
or mobilization of an antibody previously produced in response to a specific stimulus. 
The evidence for such stimulation is conflicting ; it is clear that this non-specific 
response occurs very irregularly, is usually trivial or transitory in its effect, and 
is never comparable to the response to a further injection of the specific antigen. 

(11) The rate at which antibody, contained in any foreign antiserum, reaches 
the blood and tissue fluids of a normal animal and the concentration there attained 
depend in great part on the route by which the antiserum is injected. If the 
animal or man has received a previous injection of any serum of the same animal 
origin the antibody will be eliminated at a greatly increased rate. 

(12) The mechanism of antibody formation still awaits elucidation. Various 
hypotheses have been advanced, but none of them completely covers the observed 
phenomena. The most generally accepted working hypothesis — that the con- 
figuration of the globulins is modified during synthesis in the presence of antigen 
so that the surface of the completed molecule is complementary to the antigenic 
surface — has the support of a recent demonstration of the m vitro modification 
of globulins in the presence of antigens, with the production of proteins having 
some of the properties of antibody produced m vivo. 
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CHAPTER 51 

ANAPHYLAXIS, HYPERSENSITIVENESS AND ALLERGY 

In tlie preceding ctapters we liave considered a series of reactions most of which 
have as a common factor the property of affording specific protection against 
bacteria or their products. Numerous observations, both clinical and experimental, 
have afforded instances of the contrary condition, in which an individual is, or 
may be rendered, more susceptible to some noxious agent than are the generality 
of his own species. In some cases an individual may become highly sensitive to 
an agent which is entirely innocuous to Ms normal fellows. The phenomenon of 
hypersensitiveness is presented in its clearest and least ambiguous form when the 
exciting agent is some non-living material, so that there is no question of multi- 
plication within the body or of the complex and variable tissue reactions that are 
associated with bacterial infection. It will be convenient to consider first the 
data relating to this type of abnormal sensitivity, and then to discuss its bearing 
on the phenomena of bacterial disease. It will also simplify matters to start with 
the most striking and clear-cut case of hypersensitiveness — the phenomenon of 
acute anaphylactic shock. 


ANAPHYLACTIC SHOCK 

The detailed study of this curious reaction dates from the beginning of the 
present century, though several observations are on record in the earlier literature 
which with our fuller knowledge we can recognize as undoubted examples of anaphy- 
laxis. The observations of Richet and Ms co-workers (Fortier and Richet 1902, 
Richet 1907) first drew general attention to the experimental facts ; though the 
issue was at tMs stage obscured by the chance that the agent selected for study 
was itself toxic for the experimental animal employed. Richet observed that dogs 
wMch had survived a single injection of an extract of certain actinians might 
succumb rapidly, and with a curious and characteristic symptom complex, to a 
second injection of the same material given after days or weeks. It was this sub- 
stitution of increased susceptibility for the increased resistance which usually 
follows the injection of sublethal doses of a toxic material that led him to coin the 
term anaphylaxis. 

At about the same time Theobald Smith in America had noted the abnormal 
sensitiveness of guinea-pigs to widely spaced injections of toxin-antitoxin mixtures. 
He communicated these observations to Ehrlich in 1904 ; and Otto in 1905 pub- 
lished the results obtained in a detailed study of this phenomenon. He showed 
that the horse serum in the mixtures, not the toxin, was the essential agent ; that 
an interval of 10 days elapsed after the sensitizing dose before hypersensitiveness 
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was established , and that no hypersensitiveness resulted when large injections of 
serum were given at short intervals. 

The same phenomenon was studied independently by Eosenau and Anderson ( 1906, 
1907), who established the strict specificity of the reaction. They found that guinea-pigs 
sensitized to horse serum showed little if any hypersensitiveness to the serum of other 
animals, such as the rabbit, cat, dog, pig, sheep, chicken or man. Similarly, guinea-pigs 
sensitized to horse serum did not respond in any abnormal way to the subsequent injection 
of egg-wbite, vegetable protein or milk. They noted also that the amount of serum required 
to produce sensitization was extremeiy small ; as httle as 0-000,001 ml. sometimes induced 
typical hypersensitiveness. The amount required to produce anaphylactic shock in a 
sensitized animal was, however, considerably greater (O-Ol-O-l ml). They confirmed the 
existence of a latent period of 10-12 days between the sensitizing injection and the establish- 
ment of the anaphylactic state, and noted that, once established, this state lasted for an 
indefinite period, extending over several months at least. 

These observations have been repeatedly and consistently confirmed by later 
workers. Animals may be actively sensitized by the injection of any substance 
that is antigenic in the full sense. The sensitizing injection may be given by aiiv 
route. Often a single sensitizing dose suffices. In some animals, and with some 
antigens, it is necessary to give more than one sensitizing injection, and to use 
doses far larger than the minute amount that suffices in the particular case of the 
sensitization of the guinea-pig to horse serum ; but the same principle holds — the 
injections must not be too large, nor too often repeated. 

As regards the shock-inducing, or “ shocking ” injection, either the antigen 
used for sensitization, or certain types of separated haptens containing the specific 
reactive grouping, are effective in eliciting the characteristic symptoms. The route 
of injection is important. Intravenous inoculation gives the most constant results ; 
in some animals it is the only effective route for this purpose. In the guinea-pig, 
which is peculiarly susceptible in this respect, shock may be produced by intra- 
peritoiieal inoculation, but larger doses are required. Within certain limits the 
size of the shocking dose, nevertheless, appears to be a secondary factor in deter- 
mining the severity of shock. In dogs, for example, Dragstedt (19436) found that 
shock did not become more fatal with increase in size of the shocking doses ; the 
fatality was primarily determined by the degree to which the animal had reacted 
to the sensitizing dose. 

A curious and significant fact emerged early in the widespread investigation 
which followed the opening-up of this new field of research. The symptoms and 
lesions of anaphylactic shock were found to be constant for a given animal species, 
irrespective of the nature of the sensitizing antigen ; while these symptoms and 
lesions differed sharply from one animal species to another. Thus the guinea-pig 
reacts in the same way when anaphylactic shock is produced with horse serum, 
egg albumin, milk or various bacterial antigens ; but the reactions of the sensitized 
guinea-pig, rabbit and dog to horse serum differ sharply and characteristically 
from one another. 

Anaphylactic Shock in the Guinea-pig.— After a sensitized guinea-pig has received 
an intravenous injection of the specific antigen, it at first remains quiet ; but within a 
minute marked restlessness develops. The hair begins to bristle over the head and neck, 
and the animal usually rises on its hind legs, rubs its nose vigorously, and emits loud 
spasmodic sneezes. Often it gives a jump, or a series of jumps. Within a few minutes 
tonic and clonic convulsions set in, and the animal falls on its side. The respiration 
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becomes slow, tbe mouth opening with each violent inspiratory effort ; and breathing 
ceases within a few minutes. The heart continues to heat for several minutes after breath- 

ing lias ceased. 

The post-mortem findings were first described in any detail by Gay and Southard 
(1908) ; but it is to Auer and Lewis (1910) that we owe the first adequate account of the 
physiological reactions that lead up to the fatal issue. In guinea-pigs examined immedi- 
ately after death from fatal anaphylactic shock, these observers confirmed the presence 
of intestinal congestion and the occurrence of active peristaltic movements that had been 
previously noted. They observed the frequency of hemorrhages on the under side of the 
diaphragm, and noted, as Gay and Southard had done, the distension of the lungs ; but 
they showed that this distension was not due to simple emphysema. The lungs remained 
distended long after the thorax was freely opened. Even when removed from the body 
they showed no sign of collapse ; and portions cut off from the pulmonary lobes, if not 
too small, remained in their condition of dilatation. More detailed examination showed 
that the distension was caused by contraction of the bronchioles, which retained the 
inspired air in the dilated alveoli. The death of the animal was clearly referable to suffoca- 
tion consequent on this obstruction to respiration. Auer and Lewis showed that the 
bronchiolar contraction was not prevented by section of the vagi or by the administration 
of curare, and was therefore of muscular or immediately neuro -muscular origin. They 
showed also that the blood pressure during anaphylactic shock at first rose considerably 
and then fell slowly but steadily till death, as one would expect in asphyxia. 

By varying the mode of administration of the shocking dose, a delayed fatal shock 
may be produced in guinea-pigs, in which the pulmonary emphysema is absent, and the 
gross changes in the organs are confined mainly to intestinal congestion and haemor- 
rhage (Williamson 1936). 

Anaphylactic Shock in the Rabbit. — The rabbit, like the guinea-pig, suffers from acute 
anaphylactic shock if the sensitization is adequate, and if a sufficient amount of antigen 
is subsequently administered by the intravenous route. The reaction is not, however, 
so readily elicited. The symptoms of shock differ in several important respects. The 
preliminary signs of irritation, the coughing and the violent inspiratory efforts are absent. 
The animal lies with outstretched legs or falls on its side, gives a series of convulsive move- 
ments often associated with the passage of urine and faeces, and dies. In many 
cases irregular respiratory movements continue for a brief period after the heart has ceased 
to beat — a reversal of the order of cessation observed in the guinea-pig. At necropsy the 
pulmonary dilatation, which is so striking a feature in the guinea-pig, is absent in the 
rabbit. The most characteristic abnormality found in the latter is the extreme dilatation 
of the right side of the heart. Coca (1919) showed that this dilatation was associated with 
marked obstruction to the pulmonary circulation, evidenced by the increased pressure 
required to drive fluid from the pulmonary artery to the left auricle. He concluded that 
acute anaphylactic death in the rabbit was due to a spasmodic constriction of the branches 
of the pulmonary artery, followed by rapid dilatation of the right side of the heart and 
acute heart failure. His observations and conclusions have been confirmed by other 
workers (Drinker and Bronfenbrenner 1924, Grove 1932a, h). 

Anaphylactic Shock in the Dog. — A sensitized dog, after receiving an intravenous injec- 
tion of the specific antigen, shows marked signs of restlessness and excitement. Within 
a few minutes the animal vomits and usually passes urine and faeces, the latter sometimes 
blood-stained. It then collapses and lies prone. The muscles of the limbs are relaxed, 
and the dog appears extremely weak. Kespiration is slow, and often deep and laboured. 
Stridor may be heard, and a little froth may exude from the lips. In rapidly fatal shock 
the weakness progresses, renewed diarrhcea and vomiting set in, and coma, occasionally 
associated with epileptiform convulsions, leads on to death. It has been pointed out 
by Dean and Webb (1924) that the reaction almost always occurs in two stages, the initial 
acute symptoms being followed by some signs of recovery. In fatal cases these soon give 
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place to tke second stage of increasing collapse. In other instances severe initial shock 
IS followed by a rapid return to normal. 

As pointed out by Biedl and Kraus (1909), anaxihylactic shock in the dog is associated 
with a progressive fall in blood pressure ; later investigations (Pearce and Eisenbrey 1910, 
Dale 19206) have made it clear that this is not due to any failure of output from the heart 
or to any influence of the central nervous system, hut to the colleetion and stagnation 
of the blood somewhere in the tissues. The studies of Dale and his colleagues / Dale 19206 ) 
render it highly probable that capillary dilatation is the essential factor. 

Manwaring (1910) performed a large number of experiments in an attempt to localize 
the site of reaction ; and, having found that shock did not occur when the abdominal 
vessels were ligated, proceeded to explore the role of the various abdominal viscera by a 
series of operative experiments designed to exclude each in turn. He found that the 
exclusion of the liver inhibited acute shock in dogs ; and his observations have been 
amply confirmed by subsequent workers (VoegtUn and Bernheim 1911, Denecke 1914). 
These results accord well with, the findings at necropsy. The congestion of the abdominal 
viscera has been noted by many observers ; and Weil (1917) points out that in dogs dying 
of anaphylactic shock in its acutest form the single outstanding feature at necropsy is 
the enormous distension and congestion of the liver. 

We may briefly note certain additional phenomena, which seem to be general to anaphy- 
lactic shock as displayed by any of the species so far investigated, though not developed 
to an equal degree in all of them. There is commonly a marked ieucopenia ; and this, 
as Webb (1924) has shown, is associated with an aggregation of poKinorphonucIear cells 
In the capillaries of the lungs, a phenomenon clearly analogous to that which follows the 
intravenous injection of bacteria in immunized animals. In rabbits, the arterioles of 
the ear are conspicuously contracted during shock ; circulating leucocytes adhere to the 
capillary walls and in some cases form leucocytic emboli (Abeh and Schenk 1938). Kemovai 
of cnculating leucocytes and their retention in the tissues has also been demonstrated 
by Dragstedt, Ramirez de Arellano and Lawton (1940) in the isolated lung of sensitized 
rabbits, when perfused with blood containing the specific antigen. There is a decrease 
in the coagulability of the blood, most marked in the dog. The work of a number of 
investigators (see Dragstedt 1941) has excluded changes in the blood elements concerned 
in normal coagulation as the cause of this phenomenon, which appears to be due to the 
liberation, of heparin during shock (Jaques and Waters 1940). There apjiears to be a 
decrease in the amount of complement in the circulating blood ; and there is a marked 
fall in body temperature. 

Anaphylactic Shock in Other Animals. — Although the guinea-pig, rabbit and dog 
have been studied more extensively than any other species in regard to their anaphylactic 
reactions, a considerable number of experiments have been carried out on other animals ; 
and it is instructive to note that, in addition to striking differences in behaviour and physio- 
logical reaction during anaphylactic shock, various species differ widely’ from one another 
in the ease with which they can he sensitized. Thus, among rodents, the rat appears 
to occupy a peculiar position in that it is extremely refractory to sensitization (Longcope 
1922, Parker and Parker 1924, Spain and Grove 1925) ; though an anaphylactic response 
can be demonstrated under suitable conditions (KeUaway 1930). Mice are also resistant, 
though Weiser and his colleagues (1941) point out that the refractoriness varies with the 
breed of animal, and in some cases depends on insusceptibility to sensitization, not to 
insusceptibility to shock. In both the rat and the mouse adrenalectomy increases the 
susceptibility to shock. Birds, so far as they have been examined, may be sensitized by 
the usual procedures (Priedberger and Hartoch 1909) ; and the anaphylactic reaction in 
the pigeon has been studied in some detail (Gahringer 1926, Hanzhk and Stockton 1927). 
Sensitization to foreign proteins, associated with phenomena which are anaphylactic in 
kind but do not include typical shock, has been described in cold-blooded animals such 
as the frog (Goodner 1926). In monkeys, and this is of particular interest for the student 
of human pathology, sensitization appears to be induced irregularly and with considerable 
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dif&culfcy. Zinsser (1920) reports his failure to sensitize rhesus or ringtail monkeys with 
a single injection of horse serum ; and he could produce only mild anaphylactic symptoms 
after treatment with repeated doses of antigen. Shock is accompanied by a diminu- 
tion in circulating platelets, and, as in other animals, a profound leucopenia (Kinsell et at. 
1941). 

The problem of human anaphylaxis will be most conveniently considered in 
relation to the problem of natural hypersensitiveness. 

Passive Anaphylaxis. 

It was noted by some of the earliest workers in this field that female guinea- 
pigs which had been actively sensitized gave birth to young that were themselves 
hypersensitive. Otto (1907) first demonstrated that the anaphylactic state could 
be passively transferred by injecting the serum from an anaphylactic into a normal 
animal, and in so doing placed anaphylactic shock in the category of the in vivo 
antigen-antibody reactions. His findings were soon confirmed and extended by 
other workers, in particular by Doerr and Euss (1909), and the numerous observa- 
tions which have since been recorded place the following propositions on a firm 
basis of experimental fact, so far at least as the guinea-pig is concerned. A normal 
animal that has received an injection of the serum of an actively sensitized animal 
will respond to the subsequent injection of the corresponding antigen by developing 
acute anaphylactic shock. Passive sensitization may be effected with equal or 
even greater certainty by an injection of the serum of an animal that has been 
immunized against a given antigen by repeated injections, so that it is not 
itself sensitive to the antigen in question. In either case the injection of the serum 
is not usually followed by the immediate sensitization of the recipient. An interval 
of some hours must elapse between the injection of the sensitizing serum and the 
injection of the corresponding antigen if typical shock is to be regularly obtained. 
For maximal sensitization the interval is even longer — 4 to 6 days (Kellaway and 
CoweU 1922). 

Under suitable experimental conditions, an analogous reaction, ‘‘ reversed 
passive anaphylaxis,” may be induced in the guinea-pig by injecting antigen first 
and antibody later (see Kellett 1935). Both in reversed ” and direct anaphy- 
laxis, shock is sometimes produced when the two intravenous injections follow 
one another immediately (Dean et al. 1936, Zinsser and Enders 1936). 

The eflDLcacy of an antiserum in the induction of passive anaphylaxis appears 
to be closely related to its content in specific antibody as recorded by precipitin 
tests (Doerr and Euss 1909), and there seems no reason for supposing that the 
reagents involved differ from those with which our other immunological studies 
have made us familiar. The experimental study of this phenomenon has, how- 
ever, brought to hght a relationship that is probably of fundamental importance 
in immunological mechanisms. Different antisera, produced by the immunization, 
or sensitization, of animals of different species against a single antigen, differ widely 
in their ability to induce passive sensitization in a given species of animal. 

Thus, Avery and Tillett (1929) and Brown (19346) found that guinea-pigs could be 
sensitized to pneumococcal polysaccharides by the injection of antipneumococcal sera 
prepared in the rabbit, but not by antipneumococcal sera prepared in the horse. Again 
(see Eriedberger and Hartoch 1909, Scott 1931, Hartley 1940), guinea-pigs cannot be 
sensitized mth the serum of fowls, oxen, goats, sheep, and pigs, and pigeons cannot be 
sensitized with the serum of rabbits. The mouse would appear to resemble the guinea- 
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pig, in that it can be passively sensitized with antipneiimocoecal seruni prepared in the 
rabbit but not with antipneumococcal horse sera (Tvlehlman and ber-gal 1934 ). Chicken 
antisera will not sensitize mice (Weiser et al. 1941). 

The insusceptibility of guinea-pigs to sensitization with e(piine antibody has been 
questioned by Bailey, RafFel and Dingle (1937), who reported sensitization 'uv equine 
antipneumococcal sera, and attributed their success to the injection of lame shocking 
doses of antigen, sufficient to overcome any protection afforded by unfixed antibody 
(see below) in the circulation. Using equine antisera to htomocyaniii and ovalbumin, 
Bollensby and Hooker (1944) were unable to sensitize guinea-pigs, thoinrli the shocking 
doses of antigen, as in Bailey s experiments, were large, and great iv in excess of the 
amounts serologically equivalent to the antibody injected (Chapter 7). They suggest 
that optimal quantitative relations between the antibody and antigen ciiiploved cannot 
wholly explain Bailey’s results. 

It will be seen in later sections of this chapter that there are reasons for believing: 
that the fixation of the injected antibody by the tissue cells of the recipient is an 
essential factor in passive anaphylaxis ; and it is not surprising to find that the 
serum globulins of different species behave differently in a reaction of this kind. 

The amount of antibody required for passive sensitization has been measured 
by Kabat and Landow (1942) and Rabat and Boldt (1944). Bull sensitization 
to fatal shock was produced by the injection into guinea-pigs weighing 250 gm., 
of about 0*03 mgm. of antibody nitrogen ; that is, less than 0*2 mgm. of anti- 
body globulin. With this minimal sensitizing dose, the optimal shocking dose 
of antigen — ovalbumin — was about 50 times the amount reacting optimally in 
a constant-antibody precipitin titration. 

The phenomena of active and passive anaphylaxis appear, as we have seen, to 
depend on specific reactions of the antigen-antibody type, and there seems no 
purpose in burdening our vocabulary with additional labels, such as “ anaphy- 
lactogens ” or “ anaphylactic antibodies.” It is, however, of interest to inquire 
how partial antigens, or haptens, behave in this reaction. 

The R61e of Haptens in Anaphylaxis. — Tomesik and Kurotchkin (1928) immunized 
rabbits against Bad. aerogenes^ the pneumobacillus, and a yeast. In each case they were 
able to obtain a high-titre precipitating serum for the polysaccharide hapten extracted 
from the corresponding organism. Guinea-pigs injected with these rabbit antisera deve- 
loped acute anaphylactic shock when subsequently injected with the corresponding hapten. 
Lancefield (1928) sensitized guinea-pigs with the sera of rabbits immunized against hsemo- 
lytic streptococci, and induced acute shock by the injection of the separated haptens. 
Enders (1929) obtained similar results with a polysaccharide fraction from the tubercle 
bacillus. Avery and Tillett (1929) and Brown (1934a;) have studied the anaphylactic 
action of the pneumococcal polysaccharides. These haptens will not induce active sensitiza- 
tion in the guinea-pig, but they will induce acute anaphylactic shock in animals passively 
sensitized by the injection of precipitating antisera prepared in the rabbit, and these 
reactions are type-specific. Morgan (1932) records a similar relationship between the 
specific polysaccharide of Sh. shigee and guinea-pigs passively immunized with the homo- 
logous antibacterial serum. 

Tillett, Avery and Goebel (1929) have tested the anaphylactic response to synthetic 
sugar-proteins. They prepared p-aminophenol glucoside and p-aminophenol galactoside 
and linked these to serum globulin and to egg albumin. Preliminary precipitation tests 
showed that antisera produced in rabbits reacted specifically in vitro with the carbohydrate 
groupings. Guinea-pigs passively sensitized by the injection of an anti-glucoside-globulin 
serum developed typical anaphylactic shock when subsequently injected with glucoside- 
albumin. Guinea-pigs sensitized with anti-galactoside-globulin serum reacted similarly 
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wlien injected with galactoside-albumin. In each case the reaction was shown to be specific. 
Active sensitization with the globulin compounds, followed after 11 days by injection of 
the corresponding albumin compounds gave similar results. The unconjugated glucoside 
or galactoside did not induce shock when injected into sensitized animals, but each 
inhibited anaphylactic shock when injected immediately prior to the injection of the 
corresponding carbohydrate-protein compound, Klopstock and Setter (1929) carried out 
similar experiments and obtained similar results, using compounds of protein with atoxyl, 
or with the sodium salt of metanilic acid. Landsteiner and Levine ( 1930) sensitized guinea- 
pigs to the d- and Msomers of p-amino-tartranilic acid, in each case coupled to horse 
globulin. The subsequent injection of the corresponding active groupings coupled to 
chicken globulin induced anaphylactic shock. The shock could be specifically inhibited by 
a preliminary injection of a compound of resorcinol with the active grouping concerned. 
Similar results were obtained with guinea-pigs passively sensitized to ^-amino-arsanilic 
acid, the active substance being coupled to t5n’Osme for the inhibition tests. In later 
experiments Landsteiner and van der Scheer (1932, 1933, 1938) were able to induce shock 
by injection of the azo-dye compounds alone into animals sensitized with the appropriate 
azo-dye-proteins. 

Specific Desensitization. — The specific desensitization of sensitized animals 
was recorded by many of the earlier investigators (Otto 1905, Kosenan and Anderson 
1906, 1907, 1908, Besredka and Steinhardt 1907, Gay and Southard 1908). De- 
sensitization — as then observed, and in the sense in which this term is now commonly 
employed — differs from the inhibitory effect induced by simple haptens in that 
the desensitizing agent is the complete antigen, which is capable, when administered 
intravenously in adequate doses, of inducing typical shock. The desensitizing 
effect is obtained, in place of acute shock, if a very minute dose of antigen is given 
and repeated, or if rather larger doses are given by a route, such as the subcutaneous, 
which ensures slow absorption. The essential conditions for success appear to be 
the administration of an amount of antigen that is adequate in total by some method 
that prevents any rapid accumulation in the circulating blood. It would seem 
that desensitization, however it is induced, is purely temporary, the anaphylactic, 
or hypersensitive state being re-estabhshed in a few days or weeks (Vallery-Eadot 
et al. 1936, Adelsberger 1936, Gernez 1936). 

The Mechanism ol Anaphylactic Shock. 

It is clear that acute anaphylactic shock, as induced by any of the procedures 
that have been described above, belongs to the category of the specific antigen- 
antibody reactions. The only question at issue is the mechanism by which this 
primary reaction gives rise to the series of events that characterize acute shock in 
any given animal species. 

Two opposing views have been put forward. According to one the reaction 
between antigen and antibody, occurring in the circulating blood or in the tissue 
fluids, gives rise to a toxic product, anaphylatoxin, which, acting on susceptible 
cells, gives rise to the characteristic syndrome. According to the other the primary 
reaction occurs not in the blood or tissue fluids but on or in the tissue cells ; and 
the reactions that characterize acute shock are due not to any toxicity of the 
antigen-antibody compound itself, or of any derivative from it, but to cellular 
disturbances initiated by the antigen-antibody reaction. As we shall see, the 
picture that has been pieced together during the last few years derives, in all its 
essential outlines, from the cellular school, though it contains details reminiscent 
of the anaphylatoxin hypothesis. 
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The Husnoral or AEEphylatoxiii Hypothesis. — The chief protagonist of this con- 
ception of the mechanism of acute anaphylactic shock was Frie<ibergor (1910, 1912, 
1913), who had at an earlier period been one of the sponsors of the cellular liTpu- 
thesis. Certain difficulties in the latter theory, not easily explicable in the light 
of the knowledge then available, had caused him to modify his views ; but his 
complete volte-face was largely determined by the observation of Friedemaiin (1900) 
that a guinea-pig conld be poisoned with the characteristic symptoms of acute 
shock by injecting a mixtnre of an antigen and its homologous antibody after a 
brief period of incubation in vitro. 

The humoral theory in its original form postulated a union of antigen with antibody 
in the circulating blood, followed by a cleavage of the resulting complex, presumably of 
the hydrolytic type, and the setting free of toxic degradation products — a conception 
which seemed to accord well with the findings of Taughan and Wheeler (1907) on the 
toxicity of the intermediate products of proteoMic degradation in general. Friedemann’s 
observations, which have been repeatedly confirmed, seemed at first to afford a direct 
demonstration of the production of anaphylatoxin from antigen and antibody in vitro ; 
hut it soon became clear that sera could be rendered toxic, in this sense, by a variety of 
procedures in which antigen and antibody played no part. Thus anaphylatoxin can be 
produced by incubating normal serum with kaolin (Ritz and Sachs 1911, Keysser and 
Wassermann 1911, Mutermilch 1913), barium sulphate (Mutermiich), talc (Mutermilchj, 
starch (Ritz and Sachs 1918), inulin (Nathan 1914), or agar (Bordet and Zuntz 1914.) 

The humoral theory in its earlier form w’as often described in terms of Ehrheh’s h\"po- 
thesis — the linkage of complement to antigen by an intermediary amboceptor followed 
by a proteolysis in which complement acted as an enzyme — and a certain air of probability 
was lent to this view by the observation that the free complement in the circulating blood 
may be greatly diminished during anaphylactic shock. But there is no evidence that 
complement can play such an enzymic role ; and the in vitro toxification of serum by 
non-specific adsorbents is clearlj^ not explicable in such terms as these. As an alternative 
hypothesis it was suggested that the formation of an antigen- antibody compound, or the 
addition to serum of kaolin, starch or similar reagents, might remove some stabiHzmg 
constituent, perhaps antitr37psin, and so initiate a process of auto-digestion — a kind of 
serum autolysis. The work of Jobling and Petersen (1914) and of Bronfenbrenner (1915), 
among others, is in accord with this possibility ; but there are almost insuperable objections 
to its acceptance as an explanation of the in vitro toxification of serum, and still more 
to the view that it forms the essential mechanism of anaphylactic shock in vivo. Thus, 
there has been an almost universal failure to show any relation between the increase in the 
toxicity of serum under the influence of a toxffying material and chemical changes indicative 
of proteolysis (de Ehuif and German 1917, Dale 1920&, Doerr 1922) ; wMle the rapidity 
of toxification — ^under favourable conditions a serum may he rendered highly toxic within 
a few minutes — is hardly compatible with the known behaviour of proteolytic enzyme 
reactions. Still more is this the case in acute anaphylactic shock. As early as 1908 
Wells pointed out the extreme improbability of the view that the minute amount of egg 
albumin that suffices to produce almost immediate shock in the sensitized guinea-pig 
could, in the short interval available, undergo proteolysis with the liberation of a toxic 
dose of degradation products. The substitution of the serum proteins for the antigen 
as the supposed substrate removes the quantitative difficulty, but greatly increases that 
introduced by the time factor. We cannot beHeve in the formation of an antigen- antibody 
compound, the adsorption by it of a stabilizing serum constituent, and a consequent 
digestion of the serum proteins, all occurring within a very few minutes. Moreover, 
substances that produce in vitro toxification of serum may fail to produce anaphylactic 
symptoms when injected intravenously into animals (Dal© 19206, Doerr 1922). 

The exact nature of the process which underlies the in vitro toxification remains obscure ; 
but it appears to be related in some way to the redistribution of the plasma constituents 
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that occurs during clotting (Novy, de Kruif and Novy 1917, Novy and de Kruif 1917, 
de Kruif 1917, de Kruif and German 1917). 

Anaphylactoid Shock. — Apart altogether from the difficulties referred to above, 
it is very doubtful how far the acute and fatal reaction that follows the intravenous 
injection of a toxified serum can be identified with true anaphylactic shock. The 
resemblances are certainly striking, and it seems certain that common factors are 
operating ; but there are certain differences. At necropsy the emphysema of the 
lungs may he rather less striking, while oedema and haemorrhage into the pulmonary 
tissue are more frequent. For this reason there is general agreement that '' anaphy- 
lactic ” should be replaced by the ambiguous but convenient ‘"anaphylactoid” 
as a descriptive term for this type of shock, and that “ anaphylatoxin ” should be 
replaced by “ serotoxin ” as a designation for the active agent in toxified serum. 

There are, in truth, many agents other than toxified sera that may produce a fatal 
anaphylactoid reaction when injected intravenously into the guinea-pig. A list of such 
substances given by Hanzlik and Karsner (1920, 1924) includes a wide variety of organic 
colloids and of salts of heavy metals. The syndrome produced differs a little from one 
anaphylactoid agent to another ; and with none does it resemble completely and in detail 
that of true anaphylactic shock. The spasm of the bronchioles — the most dramatic of the 
anaphylactic reactions in the guinea-pig — is in general a prominent feature, though it may 
vary in degree. There is, however, a high frequency, with these anaphylactoid reagents, 
of capillary thromboses and embolism in the lungs. 

Among such anaphylactoid reagents — and this has been a source of error in several 
experiments supposed to support the humoral view — must be included all antisera that 
contain a high concentration of Forssman antibody (see Doerr and Pick 1913, Tani- 
guchi 1922, Scott 1931). The toxic effect is here due, in part at least, to a direct action of 
the heterophile antibody on the heterogenetic antigen contained in the guinea-pig’s tissues. 
When the serum is injected by the ordinary intravenous route the first stress of this reaction 
falls on the endothelium of the lung capillaries, resulting in lesions which appear to be 
identical with those produced by the serotoxins. 

Peptone Shock. — Another anaphylactoid reagent is ordinary peptone (do Waele 
1907, Biedl and Kraus 1909, Hirschfelder 1910, Doerr 1914, 1922, Dale 1920a, 
1929, Manwaring, Clark and Chilcote 1923). The resemblance of peptone shock 
to true anaphylactic shock is very striking. In the guinea-pig there is the typical 
contraction of the bronchioles, in the dog the fall in blood pressure and tbe con- 
gestion of the liver. In both there may be found the loss of coagulability of the 
blood and the multiple small subserous haemorrhages that are characteristic features 
of acute anaphylaxis in general. It is probable that peptone, like the serotoxins, 
acts as a direct endothelial poison (see Dale 1929). In dogs peptone shock is appar- 
ently accompanied by a release of heparin (Quick 1936) and histamine (Holmes et al. 
1941) into the blood. After peptone shock, as after non-fatal anaphylactic shock, 
dogs remain in a refractory state, but peptone refractoriness depends on the degree 
of shock suffered, and cannot be induced by sub-shocking doses of peptone (Drag- 
stedt 194:3a). 

Histamine Shock. — Histamine is an amine derived by decarboxylation from 
histidine. It was isolated from ergot by Barger and Dale (1911) and its pharma- 
cological action has been studied in considerable detail by Dale and his colleagues, 
and by others (Dale 1913, 1920a, 6, 1929, Dale and Laidlaw 1919, Haunter and 
Pick 1915, Longcope 1922, Voegtlin and Dyer 1924). 

The toxic syndrome produced by histamine reproduces very faithfully several 
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of the cliaracteristic features of acute anaphylaxis. In the iiiiiiiea-piu the spasm 
of the bronchioles is constantly present in its most ty[)ical form. In the do" 
(Maunter and Pick 1915, Dale 1929) the musciihir walls of tlie efferent hepatic 
veins are very sensitive to histamine ; in response to traces of this siil^staiice they 
constrict and dam back the blood in the capillary spaces of the liver. But there 
are also quite definite points of difference. The distension of the dog's liver with 
blood and lymph in anaphylaxis is far more severe and persistent than that pro- 
duced by histamine. Nor does the blood become incoagulable in hisramirie poisrui- 
ing ; but this we should expect if the incoagulability is due to the liber.ition ot 
heparin. 

The importance of these observations lies in the fact that histamine is a relatively 
simple substance of known chemical constitution, the pharmocological action of 
which has been studied in considerable detail. It can hardly be a mere coincidence 
that on intravenous injection it mimics so closely the syndrome produced by the 
injection of a non-toxic antigen into a sensitized animal. 

Summarizing the evidence up to this point we may say that sera may be treated 
in various ways that render them toxic, in the sense that they produce when in- 
jected intravenously into the guinea-pig a syndrome that closely resembles, but 
is not identical with, that of acute anaphylactic shock. There is, however, no 
evidence that an anaphylatoxin ’’ is produced as the direct result of an aiitigen- 
antibody reaction occurring in the blood stream, nor has any mechanism for the 
production of such an anaphylatoxin been yet suggested which is compatible wdtli 
all the known facts. Moreover, many reagents other than toxified sera -will produce 
similar anaphylactoid reactions ; and one reagent of known chemical composition 
will give rise to some of the most characteristic features of acute shock. It seems 
clear that the apparent uniformity of the major symptoms of these different In 
vivo reactions is misleading, if we regard it as denoting an identity of underlying 
mechanism, though we can hardly he mistaken in supposing that some common 
actor runs through them all. It will be convenient to consider the cellular hypo- 
hesis of anaphylactic shock before discussing what this factor is likely to be. 

The Cellular Hypothesis. — The essence of this hypothesis is that, for the pro- 
duction of anaphylactic shock, the primary antigen-antibody reaction must occur, 
not in the blood stream or tissue fluids, but in or on the cells of the animal. Why 
this cellular reaction should give rise to the striking syndrome that characterizes 
acute shock is a separate problem that we may consider later. 

The earliest experiments made it clear that those procedures that led to a high 
concentration of antibodies in the circulating blood were not those that produced 
the anaphylactic state. Kepeated injections of antigen into a normal animal lead 
to a high antibody content but not to hypersensitiveness. In passive sensitization 
the highest concentration of antibody in the blood occurs immediately after the 
sensitizing injection of antiserum ; but it is only after the lapse of a latent period, 
during which most of the antibody has disappeared from the blood stream 
(Fenyvessy and Freund, see Doerr 1922, Wed 1913), that hypersensitiveness 
is established. 

Such facts as these clearly suggested that fiixed,'’ not “ circulating '' anti- 
body was concerned in the reaction. But far more decisive support for the cellular 
hypothesis was derived from experiments carried out with isolated tissues from 
actively and passively sensitized animals. 
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Scliiiltz (1910) excised portions of intestine from sensitized guinea-pigs, suspended 
tliem in a bath of Einger’s solution, and studied their response to the addition of the 
specific antigen. He found that such isolated muscle contracted far more vigorously, 
when the antigen w^as added to the bath, than did similar preparations from normal animals 
when submitted to the action of similar amounts of the same foreign protein. These 
observations were confirmed and greatly extended by Dale (1913), using an improved 
technique in which one horn of the guinea-pig’s uterus was substituted for the intestinal 
preparation, and this technique has since been used by Dale and his colleagues (Dale 
1920«, h, 1929, Dale and Hartley 1916, Dale and Kellaw^ay 1922), and by Weil (1913-17) 
in attempts to determine the underlying mechanism of the acute anaphylactic reaction. 

The reaction of the sensitized uterine horn is extraordinarily delicate ; a typical 
contraction may occur after the addition of as little as 1 ml. of a 1 : 10,000,000 
dilution of horse serum to a bath containing 150 ml. of Locke’s solution. It is 
also sharply specific ; not only does the uterus removed from a guinea-pig sensitized 
against horse serum fail to respond to the serum of cat, rabbit, dog or man, but 
it is possible to sensitize separately against the euglobulin, pseudoglobulin and 
albumin fractions of horse serum (Dale and Hartley 1916). 

All the essential features of anaphylaxis can, indeed, be demonstrated in vitro. 
Uterine horns removed from guinea-pigs sensitized either actively or passively 
respond specifically to the addition of the specific antigen to the bath of Einger 
or Locke solution in which they are suspended. Perfusion of the uterus with 
warm Einger solution before removal from the body does not abolish its sensitive- 
ness. After a single maximal response to the addition of a relatively large amount 
of antigen, followed by a change to fresh Einger’s solution, the uterus no longer 
responds to the addition of fresh antigen : it has been specifically desensitized. 
If such a desensitized uterus is again washed, soaked for 2| hours in a 10 per cent, 
dilution of the specific antiserum, washed in numerous changes of Einger’s solution, 
and again tested by the addition of antigen, it will give a typical contraction, showing 
that it has been passively sensitized in vitro. The uteri of normal guinea-pigs may 
be rendered hypersensitive by prolonged perfusion with diluted serum from anaphy- 
lactic or immunized guinea-pigs. This hypersensitiveness is hardly perceptible 
after 1 hour’s perfusion, but it is easily perceptible after 5 hours’ perfusion, a period 
strikingly similar to the latent period in passive sensitization in the living animal. 
Nevertheless, an almost immediate sensitization of the isolated uterus can be 
achieved in vitro, comparable in speed with that which must precede the anaphylaxis 
following the almost simultaneous injection of antigen and antibody into the whole 
animal. Kulka (1942, 1943) records sensitization of a normal uterine strip by 
an exposure of 1 minute to a solution of antibody, and was able to induce contrac- 
tions in a normal uterine strip by adding mixtures of antigen and antibody to the 
surrounding fluid. 

A fact of great significance was established by Dale while investigating the 
response of the uteri from immunized guinea-pigs. These animals had received 
repeated injections of horse serum increasing in amount. Some of theru were 
injected intraperitoneally with 5 ml. of horse serum but showed no sign of shock. 
Nevertheless, the uterine horns, removed from other animals of the same series, 
reacted with a typical contraction on the addition of horse serum to the bath, thus 
showing that fixed antibody is present in the immune as well as in the hyper- 
sensitive animal, and lending strong support to the view that the immune guinea- 
pig is protected by the excess of antibody in its circulating blood. 
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The iDrotective function of circulating antibody is ckarly iiiiistraleil in f-.ome of Weil's 
experiiiients (see Fig. 267). A series of guinea-pigs wen- pas-.ivih iz<*d Ijv tiu- iiitra- 

peritoneal injection of 0-1 ml. of rab bit- v-horse serum, i.e. the .-.enuii froin a ruhlfit imino- 
nized by repeated injections of horse serum. Three days later one uiiiinai rceeivetl 2 ml. of 
this antiserum(20 sensitizing doses) and immediately thereafter U-nl ml. < >f hoive ^eruin ( 1 -2 
anaphylactic doses). This guinea-pig showed slight symptoms only. It wrx^ kilhd ; its 
uterus was tested by Dale’s technique, and its serum was injected into another rionnal 
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guinea-pig which was tested 24 hours later by the injection of horse serum. The uterus of 
the first animal gave a typical reaction, showing that it had anchored the antibody injected 
3 days previously, and that this fixed antibody had not combined to any appreciable 
extent with the 0*01 ml. of antigen subsequently injected under cover of a protective dose 
of antibody. The second guinea-pig developed typical shock, showing that a considerable 
amount of the antibody injected into the first guinea-pig immediately jirior to the injection 
of the antigen had remained unneutralized in the circulation. Another sensitized guinea-pig 
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of the same senes received 2*5 ml. of the rabbit- v-horse serum (25 sensitizing doses) and 
immediately thereafter 04 ml. of horse serum (52 anaphylactic doses). It died in acute 
shock, showing that the amount of antibody present was not sufficient to protect the 
cells containing the fixed antibody from this excessive dose of antigen. The uterus, 
removed immediately after death, showed itself to be desensitized. A normal guinea-pig 
was injected with the serum of this animal and 24 hours later received an injection of horse 
serum. It developed moderate symptoms only, showing that the greater part of the 
circulating antibody in the animal that died of acute shock had been neutralized by the 
large dose of antigen. It should be noted, however, that serum antibody does not always 
protect, Morris (1936a) records that an excess of antibody injected into sensitized guinea- 
pigs led to an increase, not a decrease, of sensitivity. Nor must we in all cases attribute 
the anti-anaphylactic effect of intravenous sera to the presence of antibody in excess. 
Thus Kellaway and Cowell (1922), Morris (1936a), Moldovan and Maier (1941) describe 
an anti-anaphylactic effect in normal serum, when administered a few minutes before 
the shocking dose of antigen. According to Moldovan and Maier, the substance respon- 
sible for this effect is heat-stable, of low molecular weight, antagonized by pituitrin, and 
is produced when the reticulo-endothehal system of normal animals is stimulated by 
injection of colloidal material. They find that the serum of sensitized guinea-pigs is 
lacking in the shock-inhibitor. 

Gordon (1940) records a non-specific inhibitory action of Congo red in sensitized guinea- 
pigs, especially if administered over a period of days before the shocking dose. The mode 
of action of these non-specific substances is not clear. In the case of congo red, Gordon 
suggests that it interferes with the absorption of antigen on to sensitized cells. 

Taking the evidence as a whole, the different behaviour of the hypersensitive and the 
“ immune ” guinea-pig may with some confidence be attributed to a difference in the 
relative concentration of fixed and curculating antibody. 

If, however, we turn to other animals the evidence is more confused (see Dale 19206, 
Scott 1931) ; and the observations of Manwaring and his colleagues (1923-28) on acute 
anaphylaxis in the dog are particularly difficult to fit into the relatively simple picture 
that we have drawn above. It seems, however, altogether unlikely that the mechanism 
of acute anaphylaxis differs fundamentally from one animal to another ; and it is probable 
that apparent discrepancies will in time resolve themselves into the expression of secondary 
divergencies in a reaction of one essential type. 

If we accept the view that the cellular responses that characterize acute anaphy- 
laxis are the result of an antigen-antibody reaction occurring on or in the cells, 
are we to beheve that this is the whole story — that it is this reaction in and by 
itself that affords the stimulus to cellular contraction, or produces all the localized 
vascular changes ? If so, how can we explain the fact that those tissues that play 
the most dramatic part in acute shock are exactly those that are sensitive to his- 
tamine ? We can hardly believe that these cells, and these alone, are concerned 
in the fixation of antibody. 

The difficulty would in part be explained if it could be shown, as was suggested 
by Abel and Kubotka (1919), that histamine itself was produced by some form of 
protein cleavage within the cell as the result of the injury inflicted by the antigen- 
antibody reaction ; but there is no adequate evidence that such an enzyme action 
occurs (see Dale 1929). 

The Role of Histamine in Anaphylaxis. — The evidence for the essential role 
of histamine in anaphylactic shock falls under four heads. Firstly, the likeness 
between histamine shock and anaphylactic shock, which we have already noted ; 
secondly, the demonstration that tissues contain histamine that can be mobilized 
by suitable stimuli ; thirdly, the demonstration of histamine mobilization during 
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shock ; and fourthly, the suppression of shock by measures that destroy or iiiiiibit; 
histamine or inhibit the reaction. 

Lewis (1927), in his classical slU(hes on the reaction of the skin to a localized 
or injury, w’as able to show tliat the local redihaunu, due to the diiatatioii of the minute 
blood vessels, and the succeeding local wheal, were independent of the local neuro-va'^eiilar 
mechanism, whereas the surroundmg Hare, due to the dilatation of the neiglibounnn 
arterioles, was dependent on a local axon reflex. He eonekided that the reddenimr and 
the wheal formation were the result of a chemical stiiriulu'? provided by sraiie ."ubbtaiK-** 
hberated from the injured cells; and he found that iiis'tumine. alone among the many 
known substances that he tested, reproduced in complete detail the efforts of this cell 
constituent, which he refers to as the H-svh'^tnncf:, Dale and his oollea.giies isee Dale 
1929, Dale, Dudley and Thorpe 1927, Harris 1927, Thorpe 192s f showfH that liistaimiie 
is a normal constituent of many different tissues ; and the evidrnrr avaiLiliie >truiiLdy 
supports the view that it exists as such during hfe, and is not formed from s(jme motlier- 
suhstance after cell-death. Whether it is present m the fixe iiiiconibified state, m wliieh 
it is readily diffusible, is more doubtful. There are reasons for f)rlieving that it may. in 
certain circumstances at least, be present, and be hberated from the cell, in ccmi- 

bination with cell-constituents of high molecular weight and low diffiisibihty. 

The relative histamine content of different tissues is interesting and suggestive. Using 
a physiological method of assay (see Thorpe 1928, Harris 1927 j the lungs have been found 
to contain between 35 and 75 ingm. of available histamine per kilo, the liver between 
2*5 and 6-6 mgm., the skin as a whole about 6 mgm, \24 mgni. in the epidermis and 4 ingni. 
in the dermis). Other tissues contain much less. The voluntary muscles c^jutaln alsout 
1 mgm. per kilo, the testis about 1-8 mgm., the siihmaxillary gland about 0-5 mgm,, and 
the thyroid about the same. 

Histamine is destroy^ed rapidly” in normal blood, a fact which probaljly accounts fur 
early failures to detect this substance in anaphydactic animals (see Dragstedr. and Head 
1935). Dragstedt and Mead (1930a) described a histamine-hke substance in the blood (jf 
dogs after anaphylactic shock. By measuring the normal rate of destruction of histamine 
in the blood, they calculated the amount present in the animals at the onset of shock, 
and found it enough to account for the vascular reactions of the shocked animal. The 
substance was specifically^ destroyed by the enzyme histaminase (Dragstedt and Mead 
19366 ; see also Code 1939). 

Watanabe (1931) obtained some evidence that the histamine content of the lungs of 
sensitized guinea-pigs was abnormally” high, and much less in the lungs of animals after 
shock. Bartosch, Eeldberg and Xagel (1932) noted the appearance of a histamine -like 
substance in the perfusate of sensitized guinea-p^ig lungs when antigen was added to the 
perfusion fluid. This observation was confirmed by a number of workers, and the identity” 
of the substance with histamine more firmly established (see S child 1937). Increased 
quantities of the histamine-like substance w’ere also found in the blood of the wTiole guinea- 
pig after shock (Simon and Staub 1937, Code 1939). In the rabbit, on the other hand, 
though anaphylactic shock and histamine shock are similar, a drop in the blood Mstaniine 
after shock was observed by Rose and Weil (1939). Rabbit’s blood, however, is rich in 
histamine, a fact which led Katz (1940) and Dragstedt, Ramirez de AreUano and Lawton 
(1940) to test the m niro effect of antigen on the blood of a sensitized rabbit. Both found 
that histamine w”as liberated from the leucocytes into the plasma. (See also Rose and 
Browne 1940.) Dragstedt (1941) suggests that in the intact sensitized rabbit the injection 
of antigen leads to the accumulation of the histamine-rich leucocytes in the lung (where 
it is perhaps Hberated), and a consequent fall in blood histamine. 

There is thus good evidence that cellular injury, whether anaphylactic or, as 
in peptone shock, anaphylactoid, in type is liable to liberate histamine into the 
tissues. We do not know in anaphydaxis whether the cells that are injured and 
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liberate liistaiiiiiie are themselves histamine-sensitivej whether minimal ^ injury 
may so disturb tlie internal economy of a cell that it becomes reactive to its own 
contained histamine, or whether we should locate the injury and liberation of 
histamine in one type of cell, the response to the liberated histamine in another ; 
these are problems which are not soluble at present. In some cases there are sug- 
gestive hints. Isolated plain muscle from the sensitized dog gives no significant 
response to the specific antigen. Yet the plain muscle of the dog is sensitive to 
Mstamiiie. It would seem that in the dog, as opposed to the guinea-pig, the 
sensitization to the antigen is limited mainly to the liver. 

We may now consider brieily the eiFect of anti-histamine substances on anaphylactic 
shock. Histamine is readily destroyed by the enzyme histaminase (Best and McHenry 
1930). However, though Karady and Biwne (1939) claimed to have protected sensitized 
guinea-pigs from shock by intravenous injections of the enzyme 15 minutes before the 
shocking dose, their findings w^ere not subsequently confirmed (Knoll 1940, E-ose and 
Browne 1941, Younger, Freedman and Nungester 1941, Alexander and Bolton 1940). 
Staub (1939) described an in vitro anti-histamine action in a number of synthetic amine 
bases. One of these, K-phcnyl-N-eihyl-K'-dietliylethylenediamme, w^as reported by 
Wilcox and Seegal (1942) to have inhibited anaphylactic shock in sensitized guinea-pigs. 

The administration of sublethal doses of histamine induces a state of increased tolerance 
to the drag. Farmer (1939) and Karady (1941) claim that histamine desensitization is 
accompanied by a moderate degree of desensitization to specific anaphylactic shock. Fell 
and others (1943, Rodney and FeU 1943) immunized rabbits with horse globulin coupled 
with the pharmacologically inactive p-aminobenzoyl histamine, and induced the formation 
of antibodies w hose specificity w'as partly determined by the histamine. The immunized 
animals w'ere then sensitized with ovalbumin. As compared with non-immune sensitized 
controls, there w^as definite evidence of a reduced liberation of histamine into the blood 
during shock, and of a reduced skin sensitiveness either to shocking doses of antigen, or 
to histamine. Immunized guinea-pigs, subsequently sensitized to ovalbumin, were pro- 
tected to a marked degree against fatal shock. It was considered unhkely that the pro- 
tection wus due to desensitization by histamine liberated from the globulin antigen. 
As the authors point out, if the protection is due to specific antibodies against histamine, 
it remains to determine hoi-v such antibody could act in anaphylaxis, and yet have no 
observable effect on the normal histamine metabolism in the body. 

The Role of Aeetyl-choline in Anaphylaxis, — Went and Lissak (1936, 1938) and Martin 
and Went (1939) have reported that during the perfusion of the heart of a sensitized guinea- 
pig with antigen solution, a substance resembling choline is liberated from the muscle, and 
that the heart muscle of sensitized guinea-pigs is more sensitive than normal hearts to the 
pharmacological action of choline. Went suggested that choline and acetylchohne, as well as 
histamine, may be liberated from different organs during shock. Wenner and Buhrmester 
(1937) found acetylcholine in the blood stream of rabbits after shock, but Ratnoff (1939) 
could not confiim their findings. Kourilsky and his colleagues (1938) detected no acetyl- 
choline in the hsemorrhagic lesions of shocked animals. They noted that acetylcholine pro- 
duced no haemorrhages in the tissues on local inj ection, whereas histamine did so. Kakamura 
and his colleagues point out that acetylcholine shock and anaphylactic shock have many 
featui'es in common, and few'^ in common with histamine shock, both in symptomatology 
and modification by physostigmine, eserine and other drugs. They attributed the main 
symptoms of anaphylactic shock to acetylcholine liberated as the result of antigen-antibody 
union in the region of the nerve-endings of the sympathetic system (Nakamura and Taka- 
hasM 1938, Nakamura 1941, Chigira 1941). Farber, Pope and Landsteiner (1944) were 
able regularly to demonstrate histamine in shocked guinea-pig lung; only in shocked 
heart tissue was acetylcholine in excess of the normal value, and even there the increase 
was demonstrable only in 10 per cent, of the tests (see also Bender 1944). The evidence 
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as a whole points to a participation of choline or acetylchohne in shock, but only as a 
minor factor. 

We may then, in general terms, describe the acute anaphylactic reaction as 
consisting of two different but related effects— cell injury deterinined by an antigen- 
antibody reaction occurring in or on those cells liy which antibody has been fixed, 
and a series of secondary effects due to the liberation of various substances among 
which histamine, or a histamine-like substance, appears to precloniinate. The 
varieties of secondary effects are determined by the response of the cells sendtive 
to histamine and the other substances liberated. Among the cells capaijie of 
liberating histamine under the influence of an antigen-antibody reaction, the 
possible participation of the circulating leucocytes should be noted. 

As regards the anaphylactoid reactions, they differ from acute anaphylactic 
shock in that the cell injury is not determined by an antigen-antibody reaction ; 
they resemble it in that the secondary histamine effect is essentially the same. 
It should be noted that most of the anaphylactoid reagents, such as toxified sera, 
do not stimulate contraction of the isolated guinea-pig uterus. This histamine- 
liberating injury presumably occurs elsewhere when these agents are injected in 
vivo. Peptone, on the other hand, has a direct stimulating effect on plain muscle, 
which suggests that it initiates a mobilization of histamine. 

The complete picture of an anaphylactic or anaphylactoid reaction will thus 
consist of a description of cellular injury, differing from case to case according to 
the reagent employed and the susceptibilities of the experimental animal, and a 
histamine effect, differing from one animal species to another according to the 
distribution of the histamine-sensitive cells, but common to all reactions in one 
animal species, by whatever reagents they are caused. 

Local Anaphylactic Beactions 

Within a year of the original observations of Portier and Eichet, and before 
the phenomenon of acute anaphylactic shock had been submitted to any detailed 
study, Arthus (1903) described a curious reaction in the rabbit, which was soon 
recognized as belonging to the same order of exaggerated response to a foreign 
antigen. Inoculating rabbits subcutaneously with repeated doses of horse serum, 
he noted that the initial injections were without any detectable effect, but that, 
as one injection succeeded another with suitable intervals between them, the local 
reactions became more intense and more persistent. After a few injections the 
site of inoculation became swollen and oedematous. These local swellings were 
at first transient, bnt with each successive injection they lasted longer, with more 
definite induration, until finally the response took the form of a firm indurated 
swelling which progressed to a localized necrosis. This altered response was not 
confined to the tissues in the immediate neighbourhood of the earlier injections. 
The rabbit, as a whole, had become so sensitized that it reacted in this characteristic 
and abnormal way to the injection of the specific antigen at any site (see also 
Seegal, Seegal and Jost 1932, Davidoff, Seegal and Seegal 1932). It may be noted 
that this reaction, in its typical form, appears to be peculiar to the rabbit. Nicolle 
(1907) failed to reproduce it in the guinea-pig, and Opie (1924) failed to elicit it 
in either the guinea-pig or the dog. Bragstedt (1941) suggests that the peculiar 
susceptibility of the rabbit may be due to the high histamine content of its leuco- 
cytes, which, accumulating in the early tissue response to the local injectioii of 
antigen, form a rich source of local histamine by the time sensitization has occurred. 
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HYPERSENSITIVENESS IN MAN 

Cimical observations have long been on record containing descriptions of re- 
actions in human subjects that present obvious analogies to the anaphylactic 
reaction in experimental animals. 

Serum Sickness. — It has been known for many years that a proportion of those 
persons who receive injections of antitoxic or antibacterial serum for prophylactic 
or therapeutic purposes develop a curious and characteristic condition which has 
been given the name of serum sickness.” An excellent description of the disease 
and a detailed discussion of its significance are contained in the monograph of 
von Pirquet and Schick (1905). The great extension of serum therapy in modern 
times has provided the data for large-scale surveys of the incidence and kinds of 
serum sickness (see Park 1921, 1928, Beer 1938, Lyall and Murdick 1938, Davis 
1938, Eutstein et al 1941, Kojis 1942). For our immediate purpose we need refer 
only to the following points. 

The reaction must be distinguished from the disturbances of the thermo-regulatory 
mechanism, and the cardio-vascular reactions which are commoner sequels to the injection 
of serum. It occurs after primary as well as after subsequent injections. It is in no 
way related to the antibody content of the injected serum, but is a response to the foreign 
protem as such, which is usually horse serum. The reaction may occur within 2 hours 
of the injection of the serum, and up to 24 days after, though an incubation period of 
8 to 12 days is commonest. Among the “ immediate ” reactors, there is often evidence 
of previous treatment with horse serum. Younger people are more prone than older, 
though the proneness may reflect the fact that younger persons are more Hable to have 
had previous antiserum treatment, as compared with persons whose youth was passed 
in an age of less extensive serum therapy. The Ulness itself is characterized by rashes, 
especially of an urticarial type and often commencing at the site of the inoculation, by 
fever, joint pains, slight oedema without albuminuria (or with a mere trace of albumin 
in the urine), and by a varying degree of glandular swelhng usually confined to the regional 
glands that receive the lymphatics from the site of inoculation. The ilhiess is variable 
in duration, protean in its symptoms, and seldom of a serious nature, though it may be 
associated with severe discomfort. It is probably never fatal. The nervous system is 
affected, though rarely. The commonest lesions occur m the 5th and 6th cervical nerves. 
Xeuritis is foliow^ed by flaccid paralyses of the muscles, with a slow and, in the greater 
proportion of cases, a complete recovery. Both motor and sensory nerves are affected. 
The neuritis may affect one or many nerves, and in some cases the lesions are more 
central and may even be cerebral. The neuritis is ascribed to an urticarial oedema of 
the nervous tissue. It should be noted that these paralyses may follow the injection 
of other antigenic substances — vaccines and preparations of toxoid (see Kennedy 1929, 
Alien 1931, Young 1932, Doyle 1933, Ayer 1935, Wilkinson 1937, Bennett 1939, Hughes 
1944). 

In a tiny minority of cases an entirely different reaction follows the injection of serum, 
the patient djnng within a few minutes with symptoms resembling those of acute anaphy- 
lactic shock. Park (1908) records two such cases among 50,000 persons who received 
serum injections in New York (see also Park 1921, 1928, Vance and Strassman 1942). 

Acute anaphylactic shock can also foUow the injection of antigens other than serum 
proteins. There are, for example, a number of cases on record of shock after a second 
dose of a bacterial toxoid ; the pei)tone used in the preparation of the toxoid appears 
to have been the responsible agent (see Parish and Oakley 1940). 

We may note that processes which destroy the integrity of the antibody globulin 
molecule in antisera from the horse also reduce their capacity to cause serum 
reactions. Thus, when proteolytically refined antisera (Chapter 7) are employed, 
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the incidence of seium sickness and of sensitization to serum sickness, are reported 
to be greatly reduced (Pohacker-Fritsch and Siegl 1941, Kojis 1942 ; see also 
CogMll et al 1940, Jones and Eoberts 1941, Top and Watson 1941 ). 

Tlie Idiosyncrasies. — Another group of reactions, which clearly come into the 
general category of hypersensitiveness, are the so-called idiosyncrasies, in which 
certain persons develop a characteristic symptom-complex as the result of natural 
contact with some particular substance, or range of substances. The substances 
that may evoke this response are of the most varied nature : in hay fever, pollens 
of various species ; in asthma, pollens, horse dander or the cutaneous debris from 
other animals ; in the food idiosyncrasies, a wide range of different materials ; in 
the drug idiosyncrasies, a whole series of chemical compounds which seem to have 
no characteristic or common structure. 

One of the most striking features of the idiosyncrasies as a group is that — 
as in the anaphylactic reaction — the symptom-complex bears no relation to the 
particular type of substance by which it is evoked. In spite of the varied nature 
of the exciting materials concerned, the syndrome induced shows an essential 
uniformity ; though there are minor differences which seem to depend in the main 
on the particular route by which the reacting substance gains access to the tissues. 
It is particularly striking that, in the case of drugs, the response exhibited by" the 
hypersensitive subject — using hypersensitive in this particular sense — bears no 
relation to the pharmacological action of the drug in question. 

The reactions induced may be either local or general. Among the former are 
the local reaction to the intracutaneous injection of horse serum or to the appli- 
cation to the skin of such a drug as iodoform, the coryza of hay fever and perhaps 
the associated asthma, and the acute vomiting and gastro-intestinal disturbance 
that follow the ingestion of a particular food-stuff. Among the latter are the 
generalized urticarial eruptions or oedema that may follow the administration 
by any route of a substance to which a person is hypersensitive, the occasional 
pyrexia, and the asthmatic symptoms that sometimes follow the entry of the 
exciting substance by a route other than the respiratory tract. 

There are obvious points of similarity between this group of reactions on the 
one hand and anaphylactic hypersensitiveness on the other, but there are also 
obvious divergencies. 

Among the points of similarity we may include the following (see Coca 1920a) : — 

In both cases the reaction is specific. Although the naturally hypersensitive 
person may react to several different substances the range is usually limited, and 
may be confined to a single chemical substance. In both cases the type of response 
is essentially the same for a single animal species irrespective of the nature of the 
exciting substance. 

Among the features that have been held to differentiate between the two con- 
ditions are the following. The exciting agent in anaphylaxis is always an antigenic 
substance ; the exciting agent in human hypersensitiveness is often non-antigenic. 
Anaphylactic hypersensitiveness is induced by the injection of a sensitizing dose 
of antigen ; hypersensitiveness in man is often exhibited upon first contact with 
the exciting agent. The anaphylactic state, apart from congenital passive anaphy- 
laxis, is not a heritable condition ; natural human hypersensitiveness shows a 
definite tendency to run in families, though the hypersensitiveness is often exhibited 
towards different substances in parents and offspring. Specific desensitization is 
far more easily demonstrated in anaphylaxis than in hypersensitiveness. 
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Taking these points of difference seriatim we may attempt to assess their sig- 
nificance in the light of the evidence now available. Coca and his colleagues, who 
would regard the differences between the two conditions as sufficient to justify a 
formal separation into different categories, employ the term ato'py to denote the 
natural hypersensitive state, and the term atojpen to denote the exciting agent (see 
Coca and Cooke 1923). We may define our first problem as the determination 
of the differences between atopens and antigens. 

Atopens and Antigens. — It is certain that many substances are at the same 
time antigenic and atopic. Horse serum forms an excellent example, though we 
should note that Coca and Cooke separate serum sickness from the true atopies. 
If, however, we confine ourselves to the more typical atopens we still find that a 
single substance commonly displays both types of activity. 

Alexander (1924) found that guinea-pigs could he rendered anaphylactic to rye pollen, 
though he could not induce the formation of precipitating or complement-fixing antibodies 
in detectable amount. Parker (1924) reports the production of precipitins for ragweed 
pollen in rabbits and guinea-pigs, and Pamsden (1926) obtained similar results. Walzer 
and Grove (1925) showed that the pollens of timothy-grass and ragweed have definite 
antigenic properties, since both induce the anaphylactic state in guinea-pigs, demonstrable 
either by intravenous injection or by Bale’s technique. They note, however, that 
sensitization with pollens is far more difficult and uncertain than with such an antigen as 
horse serum, and they failed to demonstrate precipitins in the serum of the sensitized 
animals. CauKeild and his colleagues (1926) prepared various fractions from ragweed, 
timothy-grass and birch pollens, and obtained with them active and, in some cases, passive 
sensitization. Pamsden (1926) demonstrated both active and passive sensitization of 
guinea-pigs to pollen. Longcope and others (1925, 1927) have demonstrated the active 
sensitization of guinea-pigs to extracts of horse dander, and have succeeded in specifically 
desensitizing such animals by the usual procedures. Spies and his colleagues have frac- 
tionated both cotton seed and kapok seed, and fimd a number of components capable of 
sensitizing and shocking experimental animals. The active components are mainly 
protein in nature, though associated in some instances with carbohydrate. It is note- 
worthy that the degree of the antigenic relationships between the two seeds in the main 
reflected the observed degree of cross-reactivity of the two as atopens in sensitized persons 
(Spies et aL 1939, 1940, Coulson and Spies 1943, Coulson et al. 1943, 1944, see also ISTewell 
1942). There seems little doubt that many of the reagents that have been classed as 
typical atopens have a definite antigenic action. 

There is, of course, no doubt at ah that many of the substances that function 
as atopens — for example many drugs—are non-protein in nature and are certainly 
not antigenic in the full sense. Moreover, it has been found (Grove and Coca 
1925) that the removal of all proteins and other detectable nitrogenous substances 
from extracts of pollen, or of house dust, does not cause any appreciable loss of 
atopic activity, as tested by intracutaneous inoculation in susceptible persons. 
On the other hand, the tryptic digestion of the proteins of horse dander, or 
of the green pea, caused a loss of atopic activity corresponding with the loss 
of protein. 

The fact that non-protein substances can excite a specific response in the hyper- 
sensitive person cannot, however, be taken as a proof that antigens and atopens 
differ in any essential respect. We have seen that many haptens, when injected 
intravenously into actively or passively sensitized guinea-pigs, will induce acute 
anaphylactic shock, so that it would be in no way surprising if a fundamentally 
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similar reaction were produced in naturally sensitive persons by contact with 
antigenic components of a similar kind. 

There remain instances of drug idiosyncrasies that are not so readily explicable 
along these lines, since the chemical structure of the exciting agent is not of the 
relatively complex kind which characterizes those haptens that are capable of 
inducing acute shock in a sensitized animal. 

Recent observations have, however, indicated a possible mechanism by which such 
simple compounds might come to function as complete or partial antigens. It has been 
found that animals may be sensitized by the injection of atoxyl and serum, or even of 
arsenical compounds alone (see Klopstock and Selter 1929, Mayer and Sulzberger 1931, 
Sulzberger and Mayer 1931) ; and it seems probable (Landsteiner and Levine 1930) that 
in such cases a preliminary union occurs between the simple arsenical compounds and some 
serum or tissue protein, with the formation of an effective antigenic complex. In later 
studies Landsteiner and Jacobs (1936) sensitized guinea-pigs with neoarsphenamine, and 
induced shock by the intravenous injection of guinea-pig serum mixed with arsphenamine. 
or arsphenamine alone. Jacobs (1932) succeeded in sensitizing guinea-pigs to iodinateci 
sera by injecting them with guinea-pig serum mixed with LugoFs iodine solution, and 
suggested that a similar mechanism might he involved in the development of iodine sensi- 
tiveness in man. Horsfall (1934) injected formolized rabbit seium into rabbits, and 
found that the animals developed skin sensitivity to uncombined formaldehyde. Land- 
steiner was able to induce both skin sensitivity and anaphylactic sensitization by the 
intracutaneous injection of aromatic substances like picryl chloride and dinitrochloro- 
benzene (Landsteiner and Jacob 1936, Landstemer and Chase 1937) and non-aromatic 
substances like diazomethane and mustard oil (Landsteiner and di Somma 1938). These 
substances are all highly reactive and capable of forming conjugates with tissue proteins, 
and are also kno\m to induce dermatitis or other forms of hypersensitivity in man (see, 
for example, Wedroff 1932 ; see also Landstemer and Chase 1939, 19406). From a study 
of the sensitizing action of tetryl (trinitrophenylmethylnitramine) in the skin of guinea- 
pigs, Gell (1944) concluded that this substance also acted by forming a picryl protein 
in certain tissues ; though there was evidence that not all compounds of tetryl and gmnea- 
pig protein would stimulate sensitivity, and that sensitivity^' was not necessarily associated 
with the presence of circulating antibodies to picryl protein. 

» Para-phenylenediamine also induces sensitivity when applied to the skin of guinea- 
pigs, and Mtti, Bovet and Depierre (1937) record an interesting series of observations 
on the specificity of the sensitization with regard to the structure of the substance. Thus, 
the corresponding oriho- and compounds would not sensitize, and substitution of 
SOahTHg, — CHg or — OH groups for one of the — NII 2 groups entirely destroyed the allergic 
capacity of the ^am-compound. Various other substitutions decreased or enhanced both 
activity and specificity, in a manner which recalls the high degree of dependence of antigenic 
specificity on chemical structure (see Chapter 7). 

Active and Passive Sensitization in Man. — The second criterion that has been 
accorded differential significance is the mode of sensitization. There is no question 
that human hypersensitiveness occurs naturally and apart from any known previous 
contact with the particular antigen to which the sensitive subject reacts, just as 
the '' natural ” antibodies may be found in persons who, so far as we can tell, have 
never been infected with or immunized against the particular bacterium on which 
their sera react. 

There is, however, good evidence that this condition frequently arises as the 
result of active sensitization. 

Hooker (1924) tested a large number of persons by the intracutaneous injection of 
horse serum before and after they had been immunized by the injection of toxin-anti- 
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loxui mixtures. Of 367 persons tested before immunization 308 failed to react to horse 
serum. Of these, 100 were found to be Schick-positive and were immunized by toxin- 
antitoxin injections. On retesting these 100 persons at a later date, 66 gave positive 
reactions to horse serum. Park (1924) carried out a similar series of observations, in 
which he tested the sensitiveness to horse serum of immunized and non-immunized groups 
of children. He found that 84 of 116 children who had received toxin-antitoxin injections 
reacted positively to horse serum, while of 90 children who had not been immunized 45 
^yei .0 sensitive, giving a difference of 22*5 per cent, between the two groups. Other observers 
(Cowie 1914, Longcope and Rackeman 1918, Gordon and Creswell 1929, Mackenzie 1924) 
have obtained results that point in the same direction. It would appear that the injection 
of horse serum significantly increases the percentage of sensitive persons in a sample of 
the normal population. As we have already noted (p. 1119), the intradermal injection 
of pneumococcal polysaccharides may induce a specific skin-sensitivity, so that this 
effect is not limited to protein substances. 

Again (see von Pirquet and Schick 1905), while the serum sickness that develops 
in a naturally hypersensitive person, apart from previous sensitization, is almost 
always of the delayed type described above, a proportion of those cases that 
occur in persons who have received previous injections of horse serum show a 
characteristic acceleration of the response. In some cases the localized oedema, 
the generalized urticaria, the febrile reaction and all the symptoms of severe 
serum sickness may develop within 24 hours. 

The most striking evidence in favour of the view that experimental anaphylaxis 
and natural hypersensitiveness depend on essentially similar mechanisms has, 
perhaps, been provided by the demonstration that hypersensitiveness to a par- 
ticular atopen or antigen can be passively transferred from one person to another, 
since this clearly places human hypersensitiveness with anaphylaxis in the category 
of the antigen-antibody reactions. 

Ramirez de Arellano (1920) reported a case of sensitiveness to horse dander. The man 
was employed as donor in the transfusion of an anaemic patient who received 600 ml. 
of his blood. The recipient, who gave no history of such an idiosyncrasy, thereafter 
developed marked hypersensitiveness to horse dander. The evidential value of this case 
is somewhat lessened by the fact that the same donor was used in another transfusion 
■without rendering the recipient hypersensitive. Again, serum sickness is associated with 
the appearance of precipitins in the blood, either during the sickness, or after the height 
of the disease (Longcope and Rackemann 1918, Jones and Rleisher 1932, DeGara and 
Bullowa 1942), and transfer of the serum wdU induce a passive anaphylactic state in the 
guinea-pig. Recently Rarelitz and Stempien (1942) produced “ passive serum sickness ” 
by injecting into persons, already treated with therapeutic horse antisera, the serum of 
other persons who were convalescent from serum sickness. 

An observation that has provided a basis for the experimental study of passive 
sensitization in man was recorded by Prausnitz and Kiistner in 1921. Kiistner 
himself was markedly sensitive to the cooked fresh of certain fish. Using an extract 
of cooked fish as antigen these observers failed to demonstrate the presence of 
precipitins in Kiistner’s serum, nor could they produce passive sensitization of 
guinea-pigs. If, however, a little of Ktistner’s serum was injected into the skin 
of a normal person and the antigen was injected into the same site 24 hours later, 
a marked local reaction was produced. This reaction did not occur if the antigen 
and the serum were injected simultaneously, a finding strikingly analogous to the 
latent period in the passive anaphylactic sensitization of the guinea-pig. The 
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Prausnitz-Kiistner reaction has been used extensively for the study of passive 
sensitization in man. Wright and Hopkins (1941) describe a more sensitive 
reaction, depending on ‘‘reversed” passive sensitization, in which the skin site 
is injected first with antigen, and, 24 hours later, with the serum. 

The detailed study of this passive atopic sensitization has been taken up by Coca 
and his colleagues and by other investigators. Coca and Grove (1925) gave the name 
atopic reagins to the antibodies present in the serum of naturally hypersensitive persons, 
through the agency of which the specific hypersensitiveness can be passively transferred 
to the skin of normal non-sensitive persons. They record that these reagins have been 
demonstrated in the serum of all those subjects of hay fever or of asthma in whom the 
reaction to the intradermal injection of the specific atopen is positive. They find, however, 
that not all normal skins are receptive, about 11 per cent, failing to react at all, and some 
6 per cent, giving slight or doubtful reactions. The remaining 84 per cent, are fully 
receptive, and the local passive sensitization lasts for at least 4 weeks once it has been 
established. They find that the reagin may be neutralized by the specific atopen in the 
test tube, but that it gives no precipitin reaction in vitro, nor will it induce passive anaphy- 
laxis in the guinea-pig. In a control series of experiments they noted that the normal 
human skin could not be passively sensitized to egg white or to ragw'eed-poUen with rabbit 
antisera, although these contained specific precipitins. Exactly similar phenomena have, 
however, been noted in the case of passive anaphylaxis — ^neither horse antisera nor chicken 
antisera are effective in the passive anaphylactic sensitization of the guinea-pig, though 
antisera prepared in the rabbit are highly efficient from this point of \dew. 

Clarke and Gallagher (1926) give a very clear-cut demonstration of the latent period 
in passive atopic sensitization and of the in vivo neutralization of reagin by atopen without 
the production of any tissue reaction. They injected 0*05 ml. of atopen into one area 
of skin, and 5 minutes later they injected 0-05 ml. of reagin- containing serum into the same 
site and 0*05 ml. of the same serum into a second site some distance from the first. No 
reaction occurred after these injections, showing that the union in the tissues of atopen 
and reagin under conditions that give no time for the preliminary fixation of the reagin 
does not produce the typical response. Next day each site was reinjected with the same 
quantity of atopen. At the second site, where no atopen had previously been injected, 
a typical reaction occurred. At the first site no obvious response was elicited, showing 
that the reagin had been neutralized by the atopen that was present when the sensitizing 
injection was given. 

Levine and Coca (1927) found that there was a proportional relationship between the 
degree of sensitivity of the skin and the reagin content of the serum in 33 cases of hay 
fever. 

Reagins and Antibodies. — The observations quoted above do not suggest that 
any clear separation can be made between these two types of antibody. It is true 
that reagins may be demonstrated in sera that give no precipitation with the specific 
antigen ; but, as we have seen, passive anaphylaxis may be induced with sera in 
which no precipitins can be detected. Again, sera that contain antibodies may 
not induce passive sensitization. Karelitz and Glorig (1943) record an instance 
of a serum from a patient convalescent from serum sickness, which was rich in 
anti-horse precipitin but which, on intravenous injection into a normal subject, 
failed to react with an antigen injected locally in the skin. Therapeutic horse 
serum, however, is not a single defined antigen, and we cannot exclude the possi- 
bility of two different antibodies, only one of which is capable of passive sensitiza- 
tion. It is by no means clear, therefore, that reagins and precipitins are different 
antibodies ; the apparent qualitative differences may in reality be quantitative 
as they appear to be in anaphylaxis — depending on a difference in delicacy between 
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tlie in vivo and in vitro tests. De Besclie (1918), for instance, iias reported the 
presence of pxecipitins in the serum of a considerable proportion of a small group 
of asthmatics who were sensitive to the proteins of the horse, cat, dog or cow. He 
notes that patients who showed the presence of precipitins at one time might fail 
to do so at another. The antibodies appeared to fluctuate above and below the 
level at which they were demonstrable in vitro. Moreover, the precipitin reaction 
is relatively insensitive for the detection of antibody (see Chapter 7). Cannon 
and Marshall (1941) devised a more sensitive test for antibody, using the agglutina- 
tion of collodion particles coated with antigen. By this means, they found a 
marked parallelism between serum antibody and sensitivity to the Arthus pheno- 
menon in rabbits, both before and after desensitization. 

Otto and Adelsberger (1931) have recorded a careful series of observations on the 
relation between the atopic reagins and the anaphylactic antibodies. They note that 
the typical reagin, as exemphhed in the sera of persons sensitive to horse dander, is ex- 
tremely effective in the transference of specific sensitivity to a localized area of the normal 
human skin. It is less effective in sensitizing the skin of the guinea-pig, and quite 
ineffective in sensitizing that animal to anaphylactic shock. The sera of persons suffering 
from serum sickness, or of those who have been injected with horse serum without suffering 
from the clinical disease, are effective — though somewhat less effective — in the transference 
of sensitivity to the normal human skin. They are far more effective in sensitizing the 
guinea-pig’s skin ; and are not infrequently effective in inducing generaUzed anaphylactic 
sensitization. Anti-horse sera, prepared in rabbits or guinea-pigs, are relatively — but not 
entirely — ineffective in the transference of sensitivity to the human skin, but are uniformly 
effective in inducing passive anaphylaxis in the guinea-pig. Again, Caulfeild, Brown and 
Waters (1937) were able to induce the same specific sensitization to extract of ragweed 
pollen in the skin of a normal person by serum from a hypersensitive person, and by serum 
from a guinea-pig immunized vdth ragweed extract. 

It is possible that the passive transfer of reagins is most easily accomplished when 
the donor and recipient of the serum are biologically related. Straus (1937), for instance, 
found that rhesus monkeys were readily sensitized by the injection of human sera containing 
reagins. 

The evidence as a whole suggests minor differences in the antibodies with 
which these various workers have been concerned — differences perhaps connected 
with the proteins in antisera obtained from different animal species rather than 
with the active grouping of the antibody ; but there seems no adequate reason for 
regarding reagins and anaphylactic antibodies as belonging to essentially different 
types. Atopens and reagins might well give place to antigens and antibodies in 
immunological nomenclature, except where some convenient term is required to 
denote the way in which an antigen or antibody is functioning at a particular time. 

The substances that induce natural hypersensitivity are complex. The various 
manifestations of hypersensitivity to a substance may therefore be the result of 
interactions between more than one kind of antibody and perhaps more than 
one kind of antigen. We have already seen that antibodies vary in their powers 
of inducing passive sensitization, and that one antigenic preparation may have 
conspicuously different powers of sensitizing on the one hand and inducing* an 
allergic reaction on the other. The different reactivities of sera from hyper- 
sensitive persons may alter independently of one another. 

For instance, Schmidt and Lippard (1937), who measured the capacity of hypersensi- 
tive ” sera to neutralize the corresponding antigen so that it would no longer elicit a 
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Prausmtz*Kiistner reaction, and the capacity to sensitize the skin of normal persons, 
found that the latter was much more readily destroyed than the former, by heating to 
56° C. In this case we cannot teU whether a single antibody was altered in respect of two 
activities or whether two antibodies were concerned. There is, however, evidence that 
more than one type of antibody is concerned in certain manifestations of hypersensitivity. 
Cooke (1941) showed that the desensitization of persons sensitive to certain pollens was 
accompanied by the appearance in the serum of an antibody capable of neutralizing the 
pollen antigens. This “ blocking ” antibody appeared to be distinct from the reagin upon 
which the passive transfer of hypersensitivity depended. For example, Sherman, Hampton 
and Cooke (1940) found that blocking antibodies in pregnant mothers w'ere transmitted 
to the child via the placenta, but that reagins were not. However, neither Cooke nor 
Scully and Hackmann (1941) could find any correlation between the titre of blocking 
antibody and the state of desensitization of the patient. Loveless (1940, 1941, 1942, 
1943), on the other hand, believes that the reagin is responsible for sensitivity, and the 
blocking antibody for the desensitized state. She finds this to be produced specifically 
by injection of pollen ; it is non-sensitizing, and readily diffusible, and differs from reagin 
in being relatively thermostable, withstanding exposure to 56° G. for 24 hours. 

The Genetic Factor in Anaphylaxis and Hypersensitiveness. — The third char- 
acter that has been held to differentiate human hypeisensitiveness from anaphy- 
laxis is concerned with the part played by inheritance in the two conditions. There 
is evidence (Cooke and Veer 1916, Coca 1920 ^j, Spain and Cooke 1924, Clarke, 
Donnally and Coca 1928) that human hypersensitiveness tends to run in families. 
There is at present no evidence that the anaphylactic state, as induced in the 
sensitized guinea-pig, occurs naturally or is determined by genetic factors. Does 
this indicate any essential difference in the nature of the two phenomena ? 

Even if we accepted the premises as warranting such a conclusion we should 
require much more evidence than we have before we accepted the second premise 
as valid. Anaphylaxis in its usual experimental form, is, of course, never inherited ; 
since one of the necessary conditions for its study is that the injection of the antigen 
into the unsensitized animal shall not produce shock, i.e,, the experimental animal 
selected must not be naturally sensitive to the antigen under test. Whether there 
are any cases in which the injection of an antigen into an animal that has not been 
artificially sensitized produces typical anaphylactic shock, demonstrably due to 
an antigen-antibody reaction, we do not know, because no systematic search has 
ever been made. In the absence of such knowledge we cannot tell what part 
inheritance plays ia the natural anaphylactic state, if that state occurs. As Doerr 
(1922) points out, we have for obvious reasons studied natural hypersensitiveness 
in man and anaphylaxis in experimental animals. It is at least possible that the 
differences noted are referable in large part to the different fields that have been 
selected for study. 

With regard to the inheritance of human hypersensitiveness we have already noted 
(see Cooke and Veer 1916, Spain and Cooke 1924) that the genetic factor appears to be 
concerned with a tendency to develop atopic hypersensitiveness in general, rather than 
a sensitiveness to any one atopen in particular. It appears to be unusual to find that 
parents and offspring, or several members of the same family, are all hypersensitive to 
the same substance ; one may respond to ragweed pollen, another to horse dander, another 
to cat hairs, and so on. It has also been noted (Clarke, DonnaUy and Coca 1928) that 
the type of reaction to atopic substances in general appears to be in some degree inherited ; 
the tendency to develop asthmatic symptoms, for instance, being particularly frequent in 
certain families. 

Landsteiner and Chase (1940a) report that guinea-pigs can by breeding be separated 
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into strains of high and low susceptibility to sensitization by dinitrochlorobenzene, or to 
the atopens of poison ivy, thus affording one indication of a similarity between man and 
experimental animals in a heritable tendency to develop hypersensitivity. 

There seem insufficient grounds for postulating an essential difference between 
anaphylaxis and hypersensitiveness on the premises of our present knowledge of 
the influence of genetic factors in the two conditions. 

Desensitization in Hypersensitiveness and Idiosyncrasy. 

Fourthly, some observers, and particularly Coca (19206), would lay great stress 
on the difficulty of desensitization in the sensitive human subject as compared 
with its relative ease and certainty in the anaphylactic animal. While admitting 
that a degree of lessened sensitivity to natural contact with the specific atopen 
may be attained in a hypersensitive person by suitably graded injections, Coca 
points out that the further administration of the atopen by subcutaneous or intra- 
cutaneous inoculation will always demonstrate the persistence of the hypersensitive 
state. 

It seems doubtful, however, whether this criterion has any greater differential 
value as between the atopic and anaphylactic states than those we have discussed 
above. It is true that desensitization may readily be demonstrated in the anaphy- 
lactic guinea-pig ; but even here it depends on a strict observance of the necessary 
quantitative and time relationships, as may be seen in many of Weil’s experiments. 
In other species the problem is far less simple ; it is for instance notoriously difficult 
to desensitize the rabbit. 

In the hypersensitive human subject, as in the experimentally sensitized animal, 
the available evidence indicates that desensitization induces a temporary change 
in the immunological balance of the tissues, with a subsequent reversion to the 
hypersensitive state (see Vallery-Eadot et al. 1936, Adelsberger 1936, G-ernez 1936). 

We cannot of course apply the results obtained in our animal experiments, 
without modification, to our clinical problems. The relief of a case of hay fever 
or the desensitization of a serum-sensitive patient as a preliminary to the adminis- 
tration of antitoxin, demands the application of a technique that can be elaborated 
only on a basis of empirical trial, and which may or may not be successful. This 
does not, however, justify the conclusion that there is any essential qualitative 
difference in the underlying mechanism. 


ALLERGIC REACTIONS IN BACTERIAL INFECTIONS 

The term allergy is almost impossible to define. Here we are using it in a loose, 
but widely accepted sense to cover a group of reactions characterized by a heightened 
or accelerated response to a particular type of antigen, irrespective of the balance 
of harm, or benefit, that the altered response confers on the allergic host. 

All the phenomena of hypersensitiveness could obviously be included under 
this general label. In the present section we are concerned with those instances 
in which an allergic state develops in relation to a bacterial infection. 

It has already been noted that bacterial haptens may induce acute anaphylactic 
shock in a sensitized guinea-pig ; but before discussing allergic reactions in the 
wider sense we may refer briefly to the question of anaphylactic sensitization with 
bacterial antigens. 
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The available data may be summarized by stating that active sensitization has been 
induced with various bacterial antigens and passive sensitization vntb the corresponding 
antibodies as demonstrated by the occurrence of acute shock (Rosenau and Anderson 1907, 
Kraus and Doerr 1908, Holobut 1909, Kraus and Admiridzibi 1910, Zinsser and Parker 1917, 
Tomcsik and Kurotchkin 1928, Lanceficld 1928, Enders 1929, Avery and Tiliet 1929 a or by 
Bale’s technique with the isolated uterus (Zmsser and Parker 1917, Zmsser and Mallory 
1924, Tomcsik and Kurotchkm 1928). The reactions are specific and desensitization 
can be demonstrated. Sensitization to bacterial antigens cannot, however, be produced 
with the same ease as can sensitization to such antigens as horse serum or eair 
white. A single injection of bacteria frequently fails to produce any demonstrable sensitiza- 
tion, and the most successful results have been obtained by giving repeated small injections 
of antigen, followed by an interval of three weeks or so before the intravenous injection of 
the test dose, which should be relatively large. A technical difficulty in work of this 
kind is introduced by the fact that many of the bacterial suspensions employed are them- 
selves toxic when administered in any considerable dose, and the symptoms that develop 
in normal animals after the injection of massive doses of bacteria or bacterial products 
may be very similar to anaphylactic shock. The difference in the response of normal and of 
sensitized animals may, therefore, be relatively difficult to detect. 

Turning to those instances in which specific sensitization occurs during the 
course of a bacterial infection — the type of hjrpersensitiveness with which we are 
most closely concerned — the classical example of an allergic response to a non- 
living bacterial antigen is afforded by the tuberculin reaction in its various forms. 

This experimental allergic reaction is readily demonstrated in the guinea-pig. The 
injection into a normal guinea-pig of 2 ml. of Koch’s old tuberculin — a culture of tubercle 
bacilli in 5 per cent, glycerine broth, g^o^vn for 6~8 weeks at 38® C., concentrated to 1/ 10th 
volume at 100° C., and freed from bacilli by filtration through a clay or kieselguhr candle 
- — has little effect. But the injection of 0-01 ml. into a guinea-pig in the 8th or 10th week 
of tuberculous infection may kill it within a few hours. At necropsy, supposing the injection 
to have been given subcutaneously, the site of inoculation is found to be very congested, 
dark red or almost violet in colour. The focal glands are swollen and congested, the liver 
and spleen show on their surface numerous dark red spots, particularly in the neighbourhood 
of the multiple tuberculous lesions which are commonly present. IVIicroscopically these red 
spots are seen to consist of enormously dilated capillaries. Thus the tuberculin produces 
a local reaction at the site of inoculation, numerous scattered focal reactions in the im- 
mediate neighbourhood of pre-existing tuberculous foci, and a rapidly fatal toxsemic effect, 
probably secondary to the widespread focal reactions. 

This fatal generalized tuberculin reaction in the guinea-pig exemplifies the allergic 
response in its severest form. The development of hypersensitiveness in an infected 
animal may, however, be demonstrated quite as clearly by means of the localized reaction 
that follows the intracutaneous injection of 0*2 ml. of a high dilution (1 : 800 to 1 : 4,000) 
of tuberculin (see Romer and Joseph 1909, 1910, Lewis and Aronson 1923, Eagleton and 
Baxter 1923) . Eor further details with regard to the tuberculin reaction, and its diagnostic 
use in human and veterinary medicine, see Chapter 59. 

We have so far been concerned with the allergic response to a non-living anti- 
genic material ; but there is abundant evidence that the sensitized tissues respond 
differently from the non-sensitized to contact with living bacteria. Here again, 
the classical example is afforded by Koch's observations on experimental tuberculosis 
(Koch 1891). 

When a normal guinea-pig is injected subcutaneously with hving tubercle bacilli, a 
localized nodule appears at the site of inoculation after 10-14 days. This nodule increases 
in size, involves the skin, and undergoes necrosis, leaving an indurated ulcer that persists 
until the animal’s death. Meanwhile there occurs the characteristic lymphatic spread of 
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infection, affecting first tlie regional lymphatic glands and later the more remote tissues 
and organs. But if living tubercle bacilli are injected into a guinea-pig that is already 
infected with tuberculosis of some weeks’ duration the result is quite different. On the 
ist or 2nd day foUownng the reinoculation the site of injection shows an area of acute 
superficial inflammation 0*5-1 cm. m diameter, without the formation of any nodule in 
the underlying subcutaneous tissue. Next day the affected area of skin is found to be 
necrotic, and finally it sloughs, leaving a flat, shallow ulcer which undergoes rapid healing. 
The regional lymph glands are not affected ; and there is no evidence of the spread of 
infection from the localized focus caused by the second inoculation. This rapid and 
energetic response does not, in this case, confer any permanent benefit on the guinea-pig, 
for it is destined to die from the primary infection ; but it affords a striking example of a 
reaction that betrays at one and the same time the character of hypersensitiveness and 
of immunity. 

Although tuberculosis happens to afford the classical illustration of allergy 
developing as the result of infection, there are numberless other examples. There 
is, indeed, little doubt that an increased sensitivity, associated with an increased 
vigour of response, is of frequent, perhaps of almost constant, occurrence at one 
stage or another of every infective disease ; and it is very probable that this sen- 
sitization plays a part in pathogenesis, particularly in subacute or chronic infections. 

Bacterial and Anaphylactic Hypersensitiveness and Immunity. 

Among the many issues raised by the phenomena of bacterial hypersensitiveness, 
two may be considered as outstanding — namely, the relation between the bacterial 
and the anaphylactic types of hypersensitiveness, and the value of specific hyper- 
sensitiveness in defence against bacterial infection. 

Zinsser (1921) was the first to distinguish the two types of hypersensitiveness. In 
guinea-pigs sensitized to the tubercle bacillus, he found that susceptibility to anaphylactic 
shook by bacillary proteins could exist independently of tuberculin skin-reactivity. The 
distinction was confirmed for the tubercle bacillus, and demonstrated in hypersensitiveness 
to pneumococci and streptococci (Mueller 1926, Enders 1929, Zinsser and Grinnell 1925, 
1927, Dochez and Sherman 1925). The local skin reaction of the tuberculin type reaches 
its maximum slowly, after a lag of several hours, while the anaphylactic reaction takes 
place soon after injection of the antigen. Moreover, the tuberculin type of sensitization 
is best induced only after contact of the tissues with bacteria and is as a rule not induced 
by soluble bacterial products. Dienes (1927), however, made the interesting observation 
that if tuberculous guinea-pigs were sensitized with a soluble antigen like ovalbumin, the 
skin reactions to ovalbumin were of the delayed tuberculin type, and that this change 
in reactivity was most easily elicited when the ovalbumin was injected directly into a 
tuberculous focus. In the light of the adjuvant action of dead tubercle bacilli on the 
antigenicity of various substances discussed on p. 1116 it is perhaps legitimate to suggest 
that this result foUows from an enhancement of the degree and type of antibody response, 
and not from a peculiarity of the antigen. 

The significance of these facts is not immediately clear, but they indicate that induction 
of the tubercuHn type of sensitivity is associated wdth active cellular tissue reactions in 
the body of the animal. The importance of the cellular element in bacterial hyper- 
sensitivity is emphasized by the work of Bich and others, who showed that whereas tissue 
cultures from animals in the anaphylactic hypersensitive state were unaffected by the 
addition of antigen, those from tuberculin-sensitive animals were killed by the adition 
of tuberculin (Rich and Lewis 1932, Aronson 1931, 1933, Moen and Swift 1936). Moen 
(1936, 1937) records a similar lethal effect with extracts of Group C streptococci on growing 
cultures of tissues from guinea-pigs sensitized by infection with the cocci. Rich (1941) 
suggests that the anaphylactic reaction depends primarily on vascular damage. When, for 
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example, antigen is applied to the normally non-xascular cornea of a sensitized animal, 
little reaction occurs ; but if the cornea is vascularized by previous non-specific inflam- 
mation, the application of antigen results in a violent reaction (see Rich and Follis 1940), 
In bacterial hypersensitiveness, on the other hand, the reaction appears to depend on 
direct damage to the tissue cells. 

The close association of bacterial hypersensitiveness with the tissues themselves is 
emphasized by the fact that passive transfer has seldom been satisfactorily achieved. In 
this respect, too, it differs from anaphylactic hypersensitivity, though here again, as we 
have seen, passive transfer is not always demonstrable. 

The distinction between the two types of hypersensitiveness is of some import- 
ance in considering the role of the hypersensitive reactions in infection, before 
proceeding to discuss that issue, it should be noted that the distinction is by no 
means necessarily fundamental. In the immunological sense both types are 
specific, but the antigenic analysis of the sensitizing substances is by no means 
complete, and as Bronfenbrenner (1940) points out, the peculiarities of bacterial 
hypersensitivity may be referable to the antigenic complexity of the bacteria and 
to the state of aggregation of the component antigens. The distinction is most 
marked with tuberculin sensitivity, but with other bacterial antigens it is less so. 
For instance, we have ourselves induced responses of the slowly-developing 
tuberculin-type in guinea-pigs sensitized by intradermal injections of the soluble 
antigens of Br. melitensis. 

The role of hypersensitiveness in infection is a controversial matter which has 
centred mainly round the problem of immunity in tuberculous infection. The 
reader is referred to the full discussion of this subject in Chapter 59. \Ye shall 
limit ourselves here to a few general observations (for an extensive review of the 
matter, see Rich 1941). As Rich points out, in the hypersensitive animal a bland 
antigenic substance behaves as though it were an acutely irritant toxin, inducing 
reactions of varying intensity, from mild inflammation to complete local necrosis 
when given locally, and fatal reactions when given systemically. A priori, 
then, we might expect that an animal hypersensitive to a bacterium would he 
more susceptible to infection than a normal animal, on account of the enhanced 
toxic action of the bacterial antigens. On the other hand, it has been observed 
(Chapter 53) that a tissue which is inflamed is in some circumstances capable of 
localizing a bacterial invasion more effectively than normal tissue. 

Has the exaggerated inflammatory response to bacteria in the tissues of a hyper- 
sensitive animal any protective action ? The answer to this question is compli- 
cated by the fact that a hypersensitive animal is often an immune animal, and 
what we infer to be a protective effect of the hypersensitive reaction may be 
due to an immune process independent of the sensitized state. Therefore the demon- 
stration of a local immune response in a hypersensitive animal, even at an early 
stage in the process of immunization when a general immunity cannot be demon- 
strated (see, for example, Seastone 1939, Schlesinger and McBroom 1940, Foley 
1944), is not a sure indication that the hypersensitive and the immune reactions 
are identical. "We may circumvent this difificulty by comparing the resistance to 
infection of hypersensitive and immune animals, with that of immune desensitized 
animals. The validity of the comparison will depend on the degree to which our 
tests of desensitization — ^usually skin tests — really indicate desensitization of the 
whole animal. DeGara and Angevine (1943), for example, sensitized rabbits with 
killed pneumococci or streptococci, and tested the sensitivity of liver, spleen and 
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..Ivlii by direct injection of tbe corresponding bacterial suspension; there was no 
correlation between the degree of organ and skin reactions. But if we accept the 
usual criteria of desensitization, there is in some cases good evidence that hyper- 
sensitiveness does not by itself confer any immunity. 

Thus Morris (19366) found that injection of anti-Friedlander Type B serum into guinea- 
pigs rendered them both hypersensitive and immune, and that desensitization with Fried- 
lander specific carbohydrate did not significantly reduce their immunity. Rich (1930) 
pointed out that the local inflammatory response to infection in the hypersensitive animal 
would develop after the bacteria had reached the tissues, whereas the protective effect of 
non-specific inflammation is manifest only when bacteria are introduced into already 
established lesions. If hypersensitive reactions independent of the bacterial antigens 
are induced in experimental infections, they appear to have little effect. Cannon and 
Hartley (1938), for example, injected a mixture of virulent pneumococci and ovalbumin 
into the skin of rabbits which were (a) immunized against pneumococci and sensitized 
to ovalbumin, (6) sensitized to ovalbumin, and (c) untreated. In groups (6) and (c) the 
progress of the disease was similar, ending in a septicaemic death in 48 hours ; the group 
(a) animals survived. The local hypersensitive inflammatory reaction in group (6) animals 
did not affect their local resistance to the pneumococci. 

It may be noted that general anaphylactic shock induced by non-bacterial antigens 
appears to affect the outcome of infections or intoxication either little or adversely. Weiss- 
berger (1937) reports a prolongation of experimental streptococcal bactersemia in sensi- 
tized rabbits given a simultaneous injection of horse serum. Otto and Schafer (1937) 
on the other hand, found that sublethal anaphylactic shock had little influence on the 
course of a Salm. enteritidis infection of guinea-pigs that had been established for 2 days. 

The allergy of infection, then, may be regarded as a state of partial immunity, 
as well as of increased sensitivity ; and the all-inclusive classification of Doerr (1922) 
who would place acute anaphylaxis, natural hypersensitiveness and immunity in 
a single generic group, with sub-groups clearly marked by certain features but 
shading into each other when the focus of attention is shifted from the obvious 
manifestation to the underlying mechanism, offers a reasonable as well as a coherent 
picture of the phenomena that we have considered in this chapter. 

So far as our present knowledge goes it seems very probable that anaphylaxis, 
hypersensitiveness, and immunity of the type dependent on specific antibodies, 
all result from the working of a single underlying mechanism, the character of the 
total reaction being determined in each particular case by a variety of secondary 
factors. Anaphylactic shock, for instance, is an experimental curiosity of high 
informative value to the student of immunity but not of any obvious significance 
in determining the survival or extinction of a species during the course of its evolu- 
tion. The sudden introduction of a foreign antigenic substance into the circulating 
blood is not an event that is likely to menace any living thing, unless it is subjected 
to intentional human interference. It is neither paradoxical nor surprising that 
a mechanism, which in natural circumstances tends directly towards immunity, 
should react to the disadvantage of its possessor when exposed to a stimulus that 
formed no part of the environment in which it was evolved. Nevertheless, in 
accepting this picture of the essential unity of these phenomena we must not 
commit ourselves to a belief that the naturally occurring manifestations of allergy 
are necessarily beneficial or even harmless to the species of animal displaying them. 

The existence of a certain biological feature in an animal is not a sufficient 
guarantee that the feature has necessarily contributed to the survival of the 
species. An adverse feature might well be preserved, provided that the intensity 
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of selection with respect to it was sufficiently low. The only reliable tests of 
biological value are those made directly on the species as it is now established in 
the animal world. 

Infection-Immimity. 

This is as convenient a place as any in which to mention a conception that is 
often found in current bacteriological literature — the hypothesis that there is a 
kind of immunity that is associated with existing, but not with past infection. 
In its extreme form this conception suggests that so long as an infection with a 
particular bacterial parasite exists, even though that infection is latent, the host 
will be immune to reinfection with that particular bacterium, but that once the 
host’s tissues are freed altogether from the infecting parasite susceptibility will 
return. 

We have already noted Koch’s observation that a guinea-pig behaves differently 
towards a primary and a secondary infection with liffing tubercle fcacilli. The 
studies of many subsequent workers have confirmed and greatly extended his 
findings, and have shown quite clearly that a subacute or chronic tuberculous 
infection is associated with a considerable resistance to reinfection. 

Significant evidence bearing on the problem of infection-immunity has been 
obtained during the study of experimental syphilis in the rabbit. In this infection 
it is possible, by administering an adequate dose of neosalvarsan, or of one of the 
related arsenical drugs, to cure the initial infection and observe the effect of so 
doing on the resistance of the rabbit to reinfection. 

A syphilitic keratitis may be induced in the rabbit by the injection of Trejp. 
‘pallidum into the anterior chamber of the eye (see Bertarelli 1906, 1907, 1908), a 
chancre may be produced by injection into the skin of the scrotum (Tomasczewski 
1910), and a characteristic lesion follows injection into the testicle (Parodi 1907). 

When an infected rabbit is reinocnlated with the same strain of Trep. pallidum 
after a relatively short interval a local chancre does not develop (Truffi 1910) ; 
but reinfection with a different strain may induce a typical local lesion (Kolle and 
Schlossberger 1926). Brown and Pearce (1921) infected a number of rabbits and 
treated some of them with arsphenamine shortly after the development of the 
primary chancre. Five days later these rabbits were injected with the same strain 
of Trep, pallidum. Most of the treated animals developed chancres. The un- 
treated animals did not. 

KoUe (1922, 1924) treated rabbits with neosalvarsan at various stages of in- 
fection. He found that rabbits treated within about 6 weeks after the initial 
infection usually responded to a subsequent injection by developing a new chancre. 
When treatment was delayed beyond this point, reinfection seldom gave rise to 
a chancre. When treatment was delayed for about 3 months a new chancre 
could very rarely be produced. Rabbits that were treated and reinfected at long 
intervals after the primary infection (75-250 days) were not, however, completely 
resistant to reinfection (see Kolle and Prigge 1927, 1929). Tissue extracts from 
treated rabbits that had not been reinfected were non-infective for normal rabbits, 
but similar extracts from treated and reinfected rabbits gave rise to characteristic 
lesions, showing that the spirochsetes had gained access to the tissues and were 
presumably multiplying in them, at least to a limited extent. On these grounds 
Kolle and his colleagues maintain that the immunity to reinfectioin dispayed by 
rabbits that have been treated in this way is only a ‘‘ chancre immumty.” The 
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exact significance of tMs term is a little dubious. We have noted many examples 
of a partial antibacterial immunity in which bacteria may persist for long periods 
in the tissues without giving rise to any of the lesions that they produce in non- 
immunized animals. Moreover, the evidence suggests that a more complete 
immunity against Trep. pallidum may be induced under optimal conditions. Uhlen- 
huth and (xrossmann (1928) treated syphilitic rabbits with neosalvarsan 107 to 506 
days after the primary infection. Attempted reinfection 3 to 10 months after 
treatment gave rise to no obvious lesions ; and in only 4 of 11 rabbits could spiro- 
chetes be demonstrated in the tissues. (For a more detailed discussion and further 
references see Chapter 81.) 

hi summary, we may say that immunity to reinfection appears to be established 
within a short time after the appearance of the initial lesion. At this stage the 
maintenance of immunity depends on the maintenance of infection ; complete 
chemotherapeutic cure is followed by a return of susceptibility. But after a 
longer period of infection a partial imm unity is established that may persist after 
complete chemotherapeutic cure ; and, after still longer periods of infection, a 
complete immunity may be established that is independent of the persistence of 
infection. 

Whether it is necessary to assume the existence of some mechanism other than 
those we have considered in this and in preceding chapters, in order to account 
for the immunity to reinfection — or, as it is more appropriately termed, to super- 
infection ” — during the early stages of the initial infection, is a question that cannot 
yet be answered. We may, at least, note that this resistance to superinfection 
appears to be type-specific. As regards the resistance developed during the later 
stages of infection, it seems highly probable that it can be accounted for by a slow 
acquirement of an immunity of the usual antibacterial type. 

BVMMAEY 

(1) Acute anaphylactic shock may be produced by inoculating into an animal 
any antigen to which it has previously been sensitized. The symptoms and lesions 
associated with shock in any particular case are determined by the anatomical 
and functional peculiarities of the species of animal employed, not by the character 
of the antigenic material injected. 

(2) Sensitization is specific. It may be induced either actively or passively, 
and hence must depend, at least in part, on some form of antigen-antibody reaction. 

(3) Active sensitization is induced — in the case of such an animal as the guinea- 
pig and such an antigen as horse serum — by a single minimal injection of antigen. 
After this injection there follows a latent period during which hypersensitiveness 
develops, and during this period no further injections of antigen must be given. 
Once the anaphylactic state has been actively induced it lasts for months or years. 

(4) Passive sensitization is induced by the injection into a normal animal of 
the serum from a sensitized or from an immunized animal — that is by any serum 
containing the specific antibody. There is a correlation between the antibody 
content of a serum and its effectiveness as a sensitizing agent ; and for this reason 
the serum of an immune animal is more effective (i.e., sensitizes in smaller doses) 
than the serum of a hypersensitive animal. The anaphylactic state that is induced 
by the injection of an antibody-containing serum takes some hours to develop. 
To ensure typical shook the shocking dose of antigen should not be injected until 
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8 to 24 Kours have elapsed after the injection of the antiserum. During this latent 
period the antibodies have, for the most part, disappeared from the blood and 
become fixed on or in the tissue cells. The anaphylactic state when passively 
induced passes off in a few days or weeks. 

(5) To produce typical shock in either an actively or passively sensitized animal, 
the shocking dose of antigen must be introduced into the blood stream rapidly 
and in adequate, though not necessarily in large amount. Intravenous injection 
gives the most consistent results, and in many cases is the only route by which 
typical shock can be induced. 

(6) The injection of haptens, or partial antigens, fails to induce active sensi- 
tization, just as it fails to induce active immunity. Complex haptens, such as the 
bacterial polysaccharides, will induce acute shock when injected into an animal 
actively sensitized by the injection of the corresponding full antigen, or passively 
sensitized by the injection of a specific antiserum. Less complex haptens will 
neither induce active sensitization nor induce shock in a sensitized animal ; but 
when injected into such an animal they will inhibit the induction of shock by the 
corresponding antigen. In a sensitized animal antigens and haptens behave in 
vivo as they behave in the precipitin reaction in vitro. Certain simple, highly reac- 
tive organic compounds are capable of inducing hypersensitiveness, by combining 
with and modifying the proteins of the body to form antigenic complexes. 

(7) The sensitized animal may be desensitized by the injection of the specific 
antigen in amounts too small to induce acute shock or by a route that ensures 
slow absorption so that there is no rapid transport to the circulating blood. 

(8) The anaphylactic state can be demonstrated in an isolated tissue or organ 
as well as in the animal as a whole ; thus, the uterus of a sensitized guinea-pig 
reacts in vitro to contact with the antigen employed in sensitization. 

(9) The balance of experimental evidence is strongly in favour of the view that 
the anaphylactic response is the result of an antigen-antibody reaction occurring 
on or in the ceUs that have removed the antibody from the blood and in some way 
fixed it themselves. The anaphylactic state is associated with the presence of 
fixed antibody and the absence of circulating antibody, though in the rabbit, and 
occasionally in other animals, the white cells of the blood themselves are sensitive 
to shock. The immune state is associated with the presence of circulating antibody 
in a concentration sufficient to protect the fixed antibody that is also present. 

The difference between the anaphylactic and immune state is quantitative 
rather than qualitative, depending upon the balance between circulating and fixed 
antibody. 

(10) Many of the most dramatic features of the syndrome of anaphylactic 
shock are the result not of the antigen-antibody reaction itself but of the hberation, 
among other substances, of histamine by the injured cells, and the secondary 
response of the histamine-sensitive cells throughout the body. 

(11) A great variety of substances, when injected intravenously, may give rise 
to a syndrome resembling, in many but not in aU particulars, that of anaphylactic 
shock. These reactions are spoken of as anaphylactoid reactions. The resemblance 
is not due to any similarity in the underlying mechanism, but to the fact that, in 
each case, cellular injury is followed by the liberation of histamine and other sub- 
stances, and this by the characteristic syndrome of histamine shock. 

(12) Apart from acute anaphylactic shock there are other examples of hyper- 
sensitiveness, among them the natural idiosyncrasies that have been observed in 
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inaii to contact witli particular materials, sucli as pollens, liorse serum, liorse dander, 
and certain drugs. 

(13) In spite of obvious superficial differences between this condition and ex- 
perimental anaphylaxis in the guinea-pig, the knowledge that has been gained 
in recent years — and particularly the demonstration that skin sensitivity to these 
atopic substances can be passively transferred — has lent support to the view that 
the underlying mechanism is essentially the same. 

(14) Specific hypersensitiv^eness may also develop in the course of natural or 
experimental bacterial infection. This type of hypersensitiveness — which is some- 
times referred to as allergy — is characterized by an accelerated and exaggerated 
reaction to contact with the infecting bacterium or its products. It partakes of 
the character of hypersensitiveness in these respects. It partakes of the character 
of immunity in that the allergic reaction is often associated with the localization 
of infection. This type of reaction may sometimes be demonstrated in animals 
that have been immunized by the injection of bacteria or bacterial products, as 
well as in animals that are suffering from an active or quiescent infection. It may 
be an important factor in the development of natural or artificial immunity. 

(15) Acute anaphylaxis, natural hypersensitiveness, the allergic response and 
specific antibacterial immunity would appear to depend on the same fundamental 
mechanism — the union of an antigen with its specific antibody. The differences 
between them depend on the nature of the antigen concerned (living parasite, 
toxic substance or intrinsically inert material), the nature of the animal into whose 
tissues it penetrates, the rate and route of penetration, the distribution of the anti- 
body in the animal’s tissues and body fluids, the secondary effects of the primary 
cellular reactions, and a variety of other factors. 
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CHAPTEE 52 

CERTAIN NON-SPECIFIC MECHANISMS IN GENERAL IMMUNITY 


The integrated protective mechanisms which we have described in the precedmg 
chapters are specific in their action. When fully established, by nature or by art, 
they increase the resistance of the body against some particular bacterial infection, 
not against bacterial infections in general. In the present chapter we shall con- 
sider certain mechanisms from which this element of specificity is absent. 

jS-Lysins, Leukins and Plakins.— Among the earhest records of experimental 
immunity are a series of observations on anthrax infection, which establish clearly 
the presence in the serum of certain animal species of bactericidal substances 
different in kind from the bactericidal complex formed of specific sensitizer and 
complement. Thus the serum of the rat is actRely bactericidal for the anthrax 
bacillus, and this activity remains after heating the serum at a temperature of 
56-60° C. for 30-40 minutes (von Behring 1889, 1892, Malvoz 1902, Pirenne 
1904). The name ^-lysins has since been apphed to these relatively thermostable 
bactericidal serum constituents. 

Another series of observations, dating from the same early period, have shown 
that similar thermostable bactericidal substances can be extracted from suspensions 
of polymorphonuclear leucocytes. Like the jS-lysins these leuhins are restricted 
in their range of activity, some bacterial species, in particular the spore-bearing 
aerobes such as B. anthracis and B. suhtilis, being highly sensitive to their action, 
other species being relatively or entirely resistant. There is some divergence of 
evidence with regard to the susceptibility or insusceptibility of different bacteria, and 
it seems possible that the leukins derived from one animal species may differ in this 
respect from those derived from another. Nor can it be said that there is yet any 
certainty as to whether the |5-lysins and leukins are relatively simple substances, 
or complex systems like serum complement, with its end-piece, mid-piece and 
third and fourth components. Pettersson (1936) distinguishes two components of 
/3-lysin action, the ^-lysin and an “ activating ” substance. Unlike the specific 
a-lysins, which are absorbed by bacteria and “ activated by complement, the 
“ activating ” substances of the |8-lysin, not the thermostable ^-lysin, are absorbed 
by susceptible bacteria. (See Hahn 1895, Schattenfroh 1897, 1899. Pettersson 
1906, 1908a, b, Hiss 1908, Hiss and Zinsser 1908, Zinsser and Hiss 1908, Schneider 
1909, Zinsser 1910, Kling 1910, Weil 1911, Blum 1922, Haussmann 1925, Mackie 
and Finkelstein 1932, MaoMe et al. 1932, Gordon and Wood 1937, Hjorth 1937, 
Gratia and Goreokzy 1938, Oldfelt 1942.) 

There are observations which suggest that substances with a general similarity 
to leukins may be extracted from blood platelets (see Pettersson, above, Gruber and 
Futaki 1907, Barreau 1909), and these have been called flaJeins. It is not certain 
what relation the jS-lysins bear to the leukins or to the plakins. There are apparent 
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differences in thermostability — ^the /S-lysins are inactivated at temperatures between 
65° and 70° C., the leukins not below 75° C. But these differences have hardly 
been established with sufficient sharpness, or with sufficient regard to possible 
effects of differences in the containing medium, to be accepted as a clear differential 
criterion. It seems certain, however, that many animal species may contain no 
demonstrable ^S-lysins in their serum, although leukins may readily be derived from 
their leucocytes. 

Our present knowledge may be summarized by the statement that there exist 
in the normal sera of certain animal species thermostable bactericidal substances 
which are non-specific in their action, in the sense m which immunological specificity 
is generally understood — though their range of activity is limited by the varying 
sensitiveness of different bacterial species — and which are not increased in 
amount as the result of immunization. Bactericidal substances having very 
similar properties may be extracted from leucocytes and perhaps from blood 
platelets. 

The relation of these substances to effective immunity is by no means clear. 
To take the case of anthrax, the relatively resistant rat has yd-lysins in its serum, 
so has the susceptible rabbit, while the relatively resistant dog has none (see 
Ledingham 1922). 

The significance of the leukins and plakins is still more difficult to assess. They 
are not identical with leucocytic enzymes (see Fleischmann 1928) though the 
participation of extracellular enzymes of this kind in leukin action cannot be 
excluded. That the leukins — using that term for the moment as a generic name 
for the antibacterial substances present in or derived from leucocytes — play some 
part in resistance to infection, seems a highly probable assumption ; but we do 
not know whether their role is primary or secondary, nor how it is related to the 
defence mechanisms that we have considered in more detail above. 

We may note, in this connection, an observation by Buxton and Torrey (1906) which 
suggests that the polymorphonuclear cells play a significant role as bactericidal agents, 
even when they are not concerned in the primary phagocytic reaction. The injection of 
typhoid bacilli into the peritoneal cavity of the rabbit is followed by the rapid deposition 
of a large proportion of the injected bacteria on the surface of the omentum. Here they 
are in part destroyed by extracellular lysis, in part ingested by the omental histiocytes. 
During the first 4--6 hours the polymorphonuclear ceils play httle if any part in the events 
on the omental surface, but after that interval there is a marked and increasing 
polymorphonuclear reaction which varies in intensity in different animals, and the fate 
of the rabbit appears to depend in part on the successful mobilization of the polymorphonu- 
clear cells. When they coUect rapidly and in large numbers the clearance of typhoid bacilli 
is complete, and the animal recovers. When they are scanty or slow in arrival secondary 
centres of bacterial multiplication appear, and the animal dies with a generalized bacter- 
semic infection. These observations have not been repeated in detail by later observers, 
and are not therefore established on a sufficiently broad basis to allow of any general 
induction; but they are clearly suggestive. 

Variatiom in the Phagocytic Power of the Leucocytes. — ^We have seen that one 
animal differs from another in the phagocytic power of its whole blood and that 
this difference is determined, at least in part, by the presence or relative concen- 
tration of sensitizing antibodies, the opsonins or bacteriotropins, whose action is 
increased in effectiveness by the normal serum complement. This opsonizing action 
is specific, so far as the sensitizing antibody is concerned, and may be increased 



1175 


NON-SPEGIFIG BACTERIGIDAL POWER OF THE BLOOD 

or indiiced de novo as the result of specific immunization. But the phagocTtic 
activity of the leucoc 3 rfceSj as was finst shown clearly by Shattoch and Dudgeon 
(1908), is itself variable. Leucocytes from different persons, and particularly from 
persons suffering from various infections, show a significant difference in their 
ability to ingest not only various bacteria, but also inert particles, such as melanin. 
The latter observation is of importance, since it indicates that such variations in 
phagocytic activity are independent of the nature of the phagocytable object (see 
also Glynn and Cox 1909-10, Boughton 1910, Rosenow 1910, Hektoen 1911 , Wright 
1931). 

Lysozyme. — In Chapter 45 we referred to the bactericidal substance described 
by Fleming under the name of lysozyme and noted that, in high concentration, 
it has some bactericidal effect on pathogenic bacteria as well as on those non- 
pathogenic organisms that are particularly susceptible to its action. W^hat part 
this substance plays in the defence mechanisms of the tissues it is, at the moment, 
impossible to say. 

Induced Variations in the Non-specific Bactericidal Power of the Blood. — This 
leads us to a consideration, necessarily brief, of the possibility of inducing an 
effective immunity by increasing the non-specific bactericidal mechanisms of the 
cells and fluids of the body. Wright and his collaborators (see Wright, Colebrook 
and Storer 1923, Wright 1931, 1942) have been active in exploring this field. 
Using specially devised m vitro methods of testing the bactericidal power of the 
whole blood, they have found that the addition of living or killed bacterial sus- 
pensions to blood in the test tube, or the injection of similar suspensions into the 
living animal, results in a very rapid increase in bactericidal power. This increase 
they attribute, in greater part, to the liberation by the leucocytes of directly bacteri- 
cidal substances, in lesser part to increased opsonic power. Although this response 
is not specific — in the sense that there need be no antigenic relationship between 
the bacterium employed to induce the response and the bacterium against which 
the bactericidal effect is exerted — some bacterial suspensions have been found to 
provide a more effective stimulus than others. 

This increased bactericidal power is developed with great rapidity — ^within a 
few minutes or hours — and is relatively transient, lasting at most for a period of 
days. It may he induced by a wide variety of stimuli. 

Thus Prausnitz and Meissner (1925) record an increase in the bactericidal power of 
the whole blood after the injection of yatren and aolan. Fleming (1926) records a char- 
acteristic response after the injection of salt solutions into rabbits, or after the injection 
of nuclein (1928). Colebrook, Eidenow and Hill (1924) have recorded a similar response 
after exposure to ultra-violet light or to dark he.ats and also after the application of a 
mustard plaster (see also Wenger 1938). 

In some instances, at least, this temporary increase in the bactericidal power of the 
blood would seem to be due to, or associated with, an increase in. the opsonic power of 
the serum (see Ledingham and Bulloch 1906, Bedson 1915). Thus, Bedson found that 
an injection of nuclein was followed by an increase in the normal opsonic action, which 
was detectable within 20-30 minutes, was still demonstrable after 24 hours, but then rapidly 
faded. 

It must be emphasized that the in vitro mixtures of blood and bacteria employed in 
these investigations are exceedingly complex, and may be susceptible to a number of 
unrecognized environmental factors that are not operative in vivo. The point is well 
illustrated in the careful study of FuUer, Colebrook and Maxted (1939), who found that 
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the bactericidal power of biiman blood, though not of rabbit or mouse blood, was almost 
completely suppressed if GOg was allowed to accumulate in the tubes containing the blood- 
bacterium mixture under study. (See also TiUett 1937, TiUett and Stock 1937, Mdes 
and Misra 1938.) 

The value of this reaction as a protective mechanism is exceedingly difficult 
to determine. It may be concerned in some, at least, of those instances in which 
a temporary, or trivial, increase in resistance has been observed to follow a pro- 
cedure which could not have resulted in the production of specific antibodies. 

H. D. Wright, for example, has noted that rabbits may show an increased resistance 
to the intravenous injection of virulent pneumococci within 5 hours of the injection of a 
killed suspension of the same organism, a time interval too short to permit of antibody 
production. Similarly, Teague and McWilliams (1917) report that the intravenous injection 
of killed typhoid baciUi into rabbits is followed, within 24 hours, by a slight resistance 
to the injection of living baeiUi. In other instances, the injection of a killed suspension 
of a given bacterium has been observed to induce a slight, or transient, increase in resistance 
to some antigenicaUy unrelated organism (H. D. Wright 1927, Nukada and Arifuku 1931, 
and many others). The triviality, or transitoriness, of this non-specific increase in resist- 
ance should be stressed ; and in this connection we may recall the effect of non-specific 
immunization in protecting mice against natural infection with Salm. ty phi -murium (see 
Table 73, p. 1056). The limited mean survival time of control unvaccinated mice, in 
an infected herd, was 26-26 0*641 days, that of mice vaccinated with Staphylococcus 

anreus (an entirely unrelated organism) was 29*86 ^ 0*714 days. Mice immunized with a 
specific vaccine lived on the average 35-31 0-884 days. The difference between the 

non-specifically immunized and the control mice was trivial, barely attaining statistical 
significance, but two other non-specific vaccines gave a closely similar result, while a third, 
not included in Table 73, gave no protection at all. 

Cowan (1939) immunized rabbits with Fast, pseudotuherculosis and found that the rate 
of disappearance from the blood of intravenously injected Staph, aureus, both immedi- 
ately after injection and after establishment of the secondary bactersemia (see p. 1047) 
was greater than that in normal animals, and equal to that in rabbits immunized with 
Staph, aureus vaccines. In view of the complete antigenic dissimilarity of the pasteureUa 
and the staphylococcus, this effect is clearly non-specific. In this connection we may 
note that Day (1942, 1944) reports an increased immunity of mice to pneumococcal 
infection by inoculation with extracts of a wide variety of cocci and bacilli. Day, however, 
regards the immunity as induced by a common antigen. We also find in naturally occur- 
ring disease instances of apparently non-specific stimulation of antibacterial mechanisms 
which may be analogous to the phenomena discussed above. Thus Wulff (1934), TiUett 
(1937) and Hjorth (1937) describe a marked increase in the bactericidal properties of serum 
that occurs in man during fever, decreasing to normal with convalescence from the pyrexial 
disease. According to Hjorth, the effect is due to substances resembling ^-lysins. A 
similar substance may be responsible for the marked anti -staphylococcal activity of tuber- 
culous pleural effusions recorded by Tobler and Pinner (1943). 

Taking the evidence as a whole, it would seem that the increase in resistance 
afforded by non-specific stimulants of this class are for the most too slight, too 
transient, or both, to play any significant part in prophylaxis against infection. 
Whether they can be exploited therapeutically is a different problem. 

The Shwartaaoaan Phenomenon. 

In the preceding paragraphs we have considered various reactions that are 
associated with a non-specific increase in resistance. In concluding this chapter 
it will be convenient to refer briefly to an experimental procedure that is associated 
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with a localized and non-specific increase in sensitivity. Shwartzman (1928, 
1929a, h, 1931, 1932, 1933) has described a curious phenomenon that has become 
known by bis name, and bas been studied in considerable detail by a number of 
other workers (see Gratia and Linz 1931, 1932, Gross 1931, Peck and Sobotka 1931, 
Gratia, 1932, Peck 1933, 1934, Freund 1934a, h, Freund and Smith 1934, Freund 
and Hosmer 1935, Gerber 1936, Ogata 1936, Shwartzman 1936a, 6, Witebsky and 
Neter 1936, Giuffre 1937, Shwartzman et al, 1937, 1938, Morell and Shwartzman 
1938, Alecbinsky 1938, 1939, Weir 1938, Ayo 1943). 

If a rabbit is injected intradermally with a small amount of a filtrate of a culture of 
Salm. typhi, and 24 hours later is injected intravenously with the same filtrate, the 
intravenous injection is followed, within a few hours, by the development of a hsemorrhagic 
lesion at the site of the intradermal injection. It is not, however, necessary that the same 
organism should he used for the intradermal injection and for the subsequent intravenous 
injection, or that the organisms used for the two injections should be antigenically related. 
Filtrates from, or suspensions of, a variety of bacteria will sensitize the skin to the intra- 
venous injection of an equally wide variety of bacteria or bacterial filtrates. Xot all 
bacteria contain effective sensitizing substances, nor is the local sensitizing effect the result 
of a simple inflammatory reaction. Thus (ShAvartzman 1928), the injection of uiiinocuiated 
culture media, of turpentine or of filtrates of various strains of streptococci, failed to 
sensitize the skin to the subsequent intravenous injection of filtrates of typhoid cultures. 
The sensitizing or, as Shwartzman prefers to call them, the “ preparatory ” substances 
are thermostable, antigenic, of relatively large particle size and often closely associated 
if not identical with the “ complete antigens ” or endotoxins of coliform and salmonella 
baciUi (see, for example, Ivanovics 1936). Purified preparatory substances are said to 
produce no detectable change in the tissues. Xot all Gram-negative bacteria contain 
preparatory substances (see Witebsky and Salm 1937, Wise andKerby 1943). Xeverthe- 
less, the vascular endothelium is in some way altered by the preparations so that the 
intravenous “ provoking ” dose causes severe haemorrhage and necrosis in the prepared 
site. The range of provocative substances is much wider than the range of preparatory 
substances, and includes starch, agar, preparations of bacteria that are incapable of 
“ preparing the tissues, and animal sera. If an animal is anaphylactically sensitive 
to the preparatory substance, the preparatory effect is enhanced (Angevine and DeGara 
1941) ; if it is anaphylactically sensitive to the provoking substance, the Shwartzman 
reaction is enhanced ; but the Shwartzman reaction is neither anaphylactic nor is it related 
to the formation in sera of the toxic substances discussed in Chapter 51 under anaphyla- 
toxins (Shwartzman 1937). Organs other than the skin, particularly the kidney, can be 
“ prepared ” by Shwartzman substances, and a similar though general haemorrhagic 
reaction can be induced in rabbits by an intravenous preparation followed by an intra- 
venous provocative dose (Sanarelli 1924 ; see Alecbinsky 1939). It is of some interest 
that young animals are relatively refractory, both as regards preparation and provocation. 

Cohen and Moolten (1943) record a number of experiments on the role of preparatory 
factor and provocative factor in experimental infections of rabbits with a strain of F . necro- 
phoras. A virulent strain yielded both factors, and an avirulent strain only the preparatory 
factor. In rabbits infected intratracheaUy with the avirulent strain, fatal infection could 
be induced by the intravenous injection, 24 hours later, of provocative factor derived 
either from the virulent strain, or from an unrelated organism like the meningococcus. 
Though the results clearly suggest that the two factors may be concerned in the genesis 
of an infective lesion, it is not clear in what way pathogenesis is related to phenomena 
elicited, as the Shwartzman reaction is, by the arbitrary intravenous injection of a bacterial 
fraction 24 hours after the onset of infection. 

The possibility that in natural infections there may be local alterations in the reactivity 
of tissues, particularly of vascular tissues, induced non-specifically by substances of bacterial 
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origin, cannot be overlooked in our attempts to analyse the phenomena of resistance to 
infection. But aside from a possible connection between hoemorrhagic phenomena in 
certain chronic infections in man (see Shwartzman, Klemperer and Gerber 1936) it is at 
present impossible to say what part this mechanism plays in natural infection and resist- 
ance, or in artificial immunization. 


SUMMARY 

(1) In addition to the specific factors that determine antibacterial immunity, 
there are certain non-specific factors which appear to play some part in the reaction 
of the tissues to invading bacteria. The exact significance of these factors, and 
their relation to the general defence mechanism, are at the moment doubtful. 

(2) Among these factors are certain thermostable bacteriolysins — the /3-lysins 
— which are present in the sera of certain animal species. Their bactericidal action 
is limited to particular bacterial species, and it seems doubtful whether they confer 
an effective immunity even against these. They are not increased in amount as 
the result of immunization though they may be increased by non-specific stimuli. 

(3) Bactericidal substances may be extracted from leucocytes (the leukins) and 
perhaps from blood platelets (the plakins). These substances bear many resem- 
blances to the /3-lysins, and appear to be even more thermostable. They probably 
play some part in antibacterial immunity, but what that part is remains, at the 
moment, an unsolved problem. 

(4) Leucocytes vary in their phagocytic activity, and it seems likely that such 
variations may be induced in response to infection, and perhaps to immunization. 

(5) Various non-specific stimuli are capable of inducing a rapid but transient 
increase in the bactericidal power of the blood, probably determined by some of the 
factors referred to above. The resulting increase in resistance is too slight, and 
too temporary, to be of practical prophylactic value. Non-specific stimuli are 
in some circumstances able to increase the resistance of the animal as a whole, but 
the increase is small compared with that induced by specific immunization. 

(6) The phenomenon described by Shwartzman provides an example of non- 
specific sensitization. 
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CHAPTEE 53 


LOCAL IMMUNITY 

The defence mechanisms with which we have hitherto been concerned have for 
the most part been generally effective throughout the tissues of the host ; and 
by whatever route bacteria or their products gain access to the tissues these 
mechanisms will tend to protect the body as a whole. 

Another type of immunity may be conceived, confined to one particular area 
of the body, or to one particular kind of tissue. In Chapter 45 we have discussed 
certain mechanisms that hinder the access of bacteria to the tissues, many of 
which, like the lysozyme in the conjunctival sac, or the acidity of the gastric juice, 
are functions of a particular locality in the body. We may distinguish these 
from the mechanisms of local immunity which we consider in this chapter, by 
assuming that they act on the infecting organism before it actually invades the 
tissues. It will be clear, nevertheless, that the distinction, though convenient, 
is arbitrary, for the hindering mechanisms may in fact be located in the tissues ; 
and even if their action, like that of gastric juice, takes place manifestly outside 
the tissues, the effect is ultimately dependent on local tissue function. We must, 
therefore, be prepared if necessary to accept an “ external ” hindering mechanism 
as an expression of a true local immunity, though we shall in the meantime confine 
ourselves to manifestations of resistance within the tissues. « 

A heightened local resistance of this kind may or may not be associated with 
a significant increase in the resistance of the body as a whole ; moreover, it may 
depend on a local variation in the response of a generalized defence mechanism ; 
or upon the reaction of special tissues or types of cell in the area under considera- 
tion. There has been a tendency to confuse the issue of local versus general 
immunity by an inadequate definition of the problem to be solved. The concept 
of a local immunity as such has been imperfectly separated from hypotheses regard- 
ing the mechanisms on which it depends. In some cases the term has been used 
as though it implied a tissue or cellular immunity, not conditioned by humoral 
factors. In others there has been a failure to distinguish clearly between specific 
and non-specific effects. It will simplify discussion if we consider the available 
evidence from each point of view in turn. 

What evidence is therefor the existence of a local as opposed to a general immunity ? 

As long ago as 1887 Meierowitsch (1888) noted that rabbits which had recovered 
from an experimental attack of erysipelas were resistant to subsequent inoculations 
of the causative streptococcus during periods up to 2 months. This observation was 
confirmed by many later workers, and Gromakowsky (1895) noted that a-Tiimala 
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wMch liad become resistant to a local cutaneous inoculation did not always with- 
stand an intraperitoneal inoculation. 

This phenomenon was studied in much greater detail by Cobbett and .Melsome (1895, 
1898). They concluded, on the basis of a considerable senes of experiments, that an 
attack of erysipelas in the rabbit completely protects the area of skin affected against a 
subsequent inoculation of the specific streptococcus; ; while on the rest of the body it 
confers an immunity which is usually less marked and is sometimes entirely absent. They 
noted also that, when streptococci were inoculated into the skin of a rabbit’s ear after the 
subsidence in that ear of an attack of erysipelas, an inflammatory reaction quickly apx>eared 
but subsided before the typical erysipelatous lesion had made any appreciable protire&s in 
a control rabbit. This rapid but transitory inflammatory reaction was most marked in 
ears that had been locally immunized, less marked in ears that shared in a general protec- 
tion. Gay and Rhodes (1922) concluded from a study of the same problem that a rabbit 
which had recovered from an attack of erysipelas was completely protected against sub- 
sequent intracutaneous injections of the causative streptococcus, irrespective of its exact 
locality, for a period of at least 3 months. They were miable to obtain a similar immunity 
by the intracutaneous injection of cultures killed by- heat or by alcohol. Immunity 
against intracutaneous inoculation was not associated with immunity against intra- 
venous inoculation ; while immunization by the intravenous route was found to afford 
more protection against subsequent intravenous inoculation than against intracutaneous 
inoculation. Rivers (1925) carried out a series of experiments in which rabbits were 
given repeated intracutaneous injections of Hving haemolytic streptococci derived from 
a case of erysipelas. He noted that the reactions following successive injections showed 
a progressive decrease in severity. After several such injections the sera of the rabbits 
were tested for the presence of protective antibodies. The serum to be tested was 
mixed vith a suspension of living streptococci and injected into the skin of a normal 
rabbit ; at another site in the same animal another injection was made consisting of 
a mixture of the same streptococcal suspension and normal serum. The sera from the 
immunized rabbits had a marked protective action, normal serum had none. The 
studies of Amoss and Bliss (1927) bring out further points of interest. Like other ob- 
servers they found that an area of skin which had been involved in an erysipelatous 
reaction was definitely more resistant to a subsequent injection of the causative strepto- 
coccus, and that if the injections were repeated the degree of resistance progressively 
increased. They noted that the primary lesion in the skin of the rabbit’s flank tended 
to spread ventrally from the site of inoculation in the direction of the lymph flow ; and they 
found that when the area involved in the primary reaction and the skin in its immediate 
neighbourhood were tested by subsequent intradermal inoculations the area of increased 
resistance extended ventrally beyond the area of primary reaction, but not anteriorly, 
posteriorly or dorsally. At this period no increased resistance could be demonstrated in 
the skin of the opposite flank. After prolonged immunization the skin at a distance from 
the site of inoculation might show increased resistance, hut this generalized skin immunity 
was associated with a humoral immunity, evidenced by the appearance of specific antibodies 
in the blood. 

Taking these observations as a whol6 it would appear that a local immunity 
to heemolytic streptococci may exist in the absence of a general immumty, and 
that, when repeated local injections lead to a general immunizing response, the level 
of immunity may, for a time at least, be higher in the immediate neighbourhood 
of the site of inoculation than m the tissues generally. It may be noted that the 
severe inflammatory reaction associated with an attack of erysipelas is more effective 
in inducing a local immunity than is the relatively trivial reaction that follows the 
injection of a killed suspension of streptococci ; and that there is evidence that the 
tissues become allergic during the immunizing infection. 
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Although, experimental erysipelas provides the best-documented example of a local as 
opposed to a general immunity, many analogous observations have been recorded in 
relation to other infections. Cooper { 1926), for instance, states that rabbits may be im- 
munized against the injection of virulent pneumococci into the buccal mucosa by repeated 
injections, into the same tissue, of a killed pneumococcal vaccine, but not by injections 
of the same vaccine given subcutaneously or intradermally. Other examples of a similar 
kind will be noted in the succeeding paragraphs. 

There are also many experimental observations in relation to virus diseases (see Chapter 
55) which suggest that a local immunity plays an important part in determining the 
reaction of the body as a whole. 

We need not doubt that a local immunity exists, in the sense that one area of 
the tissues is more resistant than another to the introduction into it of a living 
bacterium or virus. The problem at issue is whether these localized differences 
in resistance can be accounted for by local variations in the effectiveness of the 
mechanisms we have considered in previous chapters, or whether some essentially 
different mechanism is involved. 

Is the distribution of a local immunity confined to a particidar type of cell or tissue 
affecting that type of cell or tissue wherever it occurs in the body, or is this dis- 
tribution determined by the site of inoculation, affecting all cells or tissues in the 
immediate neighbourhood of that site ? 

We may particularize our question in regard to the phenomena considered in 
the preceding section by inquiring whether it is the skin, as such and apart from 
other tissues, that is rendered resistant by the intracutaneous injection of living 
haemolytic streptococci, or whether the effect is limited to the area of the initial 
erysipelatous reaction, affecting in that area all the cells or tissues involved in the 
inflammatory process. 

The evidence is somewhat conflicting. The observations of Gay and Ehodes 
appear to favour the view that the skin as such irrespective of its nearness or 
remoteness to the site of the primary inflammatory reaction is rendered resistant 
by a localized experimental erysipelas. The findings of most other workers suggest 
that the distribution of resistance is, in the first instance, confined to the area 
affected by the erysipelatous reaction, though other areas of skin share in the more 
general immunity that may be induced by repeated injections of streptococci. 
It should be noted, as Amoss and Bliss showed, that outside the area of erysipelatous 
reaction, the skin showing the greatest increase in immunity was that lying in the 
path of drainage through the underl3dng lymphatic plexus. The point is of some 
importance in deciding whether the increased immunity displayed by the skin 
as a whole results from immunization of the skin as an organ, or is only an especially 
marked manifestation of a general immunity, 

Landsteiner and Chase (1939) record some experiments which are relevant to the 
issue. They were able to sensitize the entire skin of a guinea-pig to poison ivy by local 
application of an extract to one area of it. Isolation of the area of application, by remov- 
ing an annular piece of skin so as to leave an island, did not impair sensitization even 
though the whole thickness of the skin was thus removed. When the underlying lym- 
phatic plexus, and consequently the only pathway for the ready absorption of the extract 
into the body as a whole was severed, general sensitization did not foUow application 
of the extract. 
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The question posed leads naturally to the one that follows it, and data relevant 
to its solution will he considered under this and other heads. 

Does the local immunity as such, and apart from an associated Immoral i^nmunity, 
confer an increased resistance on the body as a whole ? 

It will be convenient to commence our discussion of this question by setting 
out, in their baldest terms, the views that have been put forward bv Besredha 
( 1919 , 1920 , 1921 ). 


He notes that many, if not all, pathogenic bacteria show a marked tendency to specific 
localization in particular tissues of the body. Thus the typhoid, paratyphoid and dysentery 
bacilli cause intestinal infection, while the anthrax bacillus commorily causes infection 
of the sMn. He would, however, carry this argument much further than those who regard 
such frequency distributions as the expression of a modal type of infection, determined 
by a variety of interacting factors and often departed from in particular instances. He 
believes, for instance, that the localization is in no w’ay dependent on the route by w'hich 
the bacteria enter the body. By whatever path typhoid, paratyphoid or dysentery bacilli 
gain access to the tissues they pass to the intestines, and there produce their distinctive 
lesions. Similarly, for a fatal anthrax infection to result, the anthrax bacillus, however 
introduced, must reach the skin. 

As a logical corollary, a naturally immune or an actively immunized animal ow'es its 
increased resistance to the local immunity possessed by the particular tissues which are, 
in susceptible animals, specifically liable to attack. If these susceptible tissues are rendered 
immune then the whole animal is immune, because the specific localization w'hich is an 
essential feature of bacterial infection can no longer occur. Thus, in the last analysis, 
general immunity is simply the expression of effective local immunity. The various 
antigen-antibody reactions that have been observed are, in reality, of altogether minor 
importance. 

These conclusions are clearly revolutionary and provocative ; and like all provocative 
conclusions based on experimental study they have acted as a stimulus to further research. 
Taken as they stand, it seems hardly necessary to do more than confront them with the 
evidence set out in the preceding chapters in order to demonstrate that they cannot be 
accepted as an adequate picture of the facts. Whether a localized immunity in Besredka’s 
sense plays any part in resistance to bacterial infection is another matter. 

Taking the case of experimental typhoid, paratyphoid or dysentery infection in rabbits, 
Besredka lays emphasis on the point that these animals can be effectively immunized 
by feeding with dead or living cultures. When dead bacterial cells are used for immuniza- 
tion, it is sometimes necessary to administer in addition a small dose of bile, which causes 
minimal lesions of the mucous membrane. The fact that an increased resistance can 
be induced in this way does not, however, afford any evidence in favour of the conception 
of a specific induced immunity of the intestinal mucosa. We have seen (p. 1117) that the 
administration of dead or living bacteria by the mouth is often followed by the passage 
of bacterial antigens from the intestines to the tissues and this, in its turn, by the usual 
antibody-forming response. The argument on which Besredka lays most stress in this 
particular instanc e is the following. He states that when dysentery bacilli are administered 
to rabbits by the mouth agglutinins may appear in the blood after the first administration, 
but they soon disappear, and do not reappear after any subsequent administration, He 
records analogous observations in the case of rabbits immunized by the oral administration 
of typhoid baoiUi after preliminary treatment with bile ; and, in both cases, he interprets 
the early disappearance of agglutinins, their failure to reappear after subsequent administra- 
tion of bacteria per os, and the increasing resistance to infection by any route, to the 
establishment of a local immunity of the intestinal mucosa, which presents an impenetrable 
barrier to the passage of bacteria from the intestines to the tissues, and at the same time 
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prevents tke essential selective localization of the bacilli should they gain access to the tissues 
by some other route. The few experiments recorded by Besredka seem quite inadequate 
to form a basis for such an important and far-reaching conclusion ; and, as Otten 
and Kirschner (1927) have pointed out, the crucial observation of the disappearance of 
antibodies from the blood during a series of repeated administrations of vaccine per os 
finds no adequate confirmation in the results obtained by other workers. 

Turning to the case of anthrax, controversy has centred round Besredka’ s contention 
that the skin alone is susceptible to this infection. Balteano (1922) states that he has 
confirmed Besredka’s findings. Plotz (1924) carried out a series of experiments in which 
cultures of B. anthracis were enclosed in thin-waUed glass bottles and introduced into 
the subcutaneous tissue of rabbits. The wounds were allowed to heal and at various 
periods thereafter the bulbs were broken in situ and the contained culture was allowed to 
escape into the surrounding tissues. The majority of such animals survived, and Plotz 
concludes that the rabbit can resist a large subcutaneous inoculation of B. anthracis, 
provided that the bacilli do not come into contact with any wound of the skin. 

Other investigators have, however, recorded quite different results. Sobernheim and 
Murat a (1924) estimated the minimal lethal dose of a culture of B. anthracis when adminis- 
tered by different routes. They found that about 1/10,000 of a loopful would produce 
death when introduced intraperitoneally or intravenously, about 1/100,000 of a loopfui 
when introduced subcutaneously or intracutaneously and about 1/1,000,000 of a loopful 
when injected intramuscularly. 

It is obviously difficult to avoid infecting the skin when making injections into any 
subjacent tissue, and this objection has been urged against those who have recorded 
successful infection by some route other than the intracutaneous ; but Besredka’ s assump- 
tion can hardly be reconciled vith the observation that a smaller dose of bacilli is required 
to produce a fatal infection when the inoculation is made into the muscles than when 
it is made directly into the skin. Similarly, Basset (1925) was unable to demonstrate 
any superiority of the intracutaneous as compared with the subcutaneous or intramuscular 
route. MuUer (1925) has recorded results which are directly opposed to those obtained 
by Plotz. He states that, several years before his paper was published, he had inoculated 
a pigeon’s egg with anthrax baciUi, sealed the opening, and introduced the egg into the 
peritoneal cavity of a rabbit. Five weeks later this animal died from anthrax. Unable 
to reconcile this result with Besredka’s views he carried out further experiments of the 
same type, but with a slightly different technique. Finding that anthrax bacilli would 
grow^ slowly through the pores of an candle, he placed cultures of the organism in such 
candles, sealed them carefully, and introduced them into the peritoneal cavities of nine 
rabbits. Seven of these animals died after intervals varying from 6 to 51 days. This 
long incubation period would appear to preclude an infection of the skin occurring at the 
time of the introduction of the candles. Burke and Barnes (1931) have utilized the bacteri- 
cidal action of gentian violet in an attempt to produce an initial subcutaneous infection 
with B. anthracis unassociated with any primary infection of the skin. A guinea-pig was 
injected with a young culture of B. anthracis by introducing the needle through the 
skin of the abdominal wall in one flank, and then passing it subcutaneously across the 
abdomen to the other flank, where the inoculum was deposited. The point of the needle 
was then withdrawn to just beneath the skin puncture, the syringe barrel was detached, 
another barrel containing a 1 per cent, solution of gentian violet was attached, and the 
dye was introduced into the puncture as the needle was withdrawn. The guinea-pig died 
in 56 to 72 hours. The characteristic gelatinous infiltration occurred at the point wffiere 
the inoculum bad been deposited, not at the point where the needle had been inserted. 
Cultures from the dye-stained area about the site of the skin puncture remained sterile. 
It seems fair to conclude that Besredka’s contention with regard to the unique susceptibility 
of the skin to anthrax has not been proved. Besredka and his colleagues ( Besredka 1924a, 
h, Besredka and Urbain 1924) have also attempted to immunize the skin against other 
bacteria. They applied filtrates from broth cultures of staphylococci or streptococci to 
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the shaved skin of rabbits, and tested the resistance of these areas of slviii to subs^-qaent 
infection with the homologous organisms. From their results they conclude that this 
procedure confers a high degree of local immunity. In later reports they, and other.'^, 
have recorded valuable curative properties in these filtered cultures — the so-called ariti- 
virus ” preparations — hut these observations do not bear directly on the problem at issue, 
and need not be further considered. 

We need not doubt that various procedures of this kind may raise the resistance of local 
areas of skin to subsequent infection ; but it by no means follows that this is associated 
with an increase in the resistance of the body as a whole. 

Thus, Hach, Borodaj and Meinyk (1928) state that staphylococci, after intra venous 
inoculation into rabbits, tend first (3-3} hours) to accumulate in tlie bpieeii, few remaiiniig 
in the blood and few being present in the skin. As the infection progresses toward^ its 
rapidly fatal issue the distribution changes ; the number of cocci in the spleen rajtrlly 
dimmish, the number present in the skin show an enormous increase. Multiple intra- 
dermal inoculations of a staphylococcal filtrate, precedmg the intravenous iiijeiitir.n. pre- 
vented this rapid accumulation of staphylococci in the skin (Haeli and Meinyk : 

but there was no effective immunity, the rabbits dying of typical acute staphylocoecai 
infection. 

Is local wwiunity specific or noyi-specfic ? 

We may now return to the more general question of the nature of the mech- 
anisms that determine those types of local immunity that ha\'e been shown to 
exist, and inquire particularly whether they are in the main specific or noii-specific. 

Cobbett and Melsome (1898) found that a local non-specific infianimatory 
reaction, such as that following the injection of mustard oil, would effectively 
protect the skin of a rabbit’s ear against subsequent attempts to produce experi- 
mental erysipelas. 

Amoss and Bliss (1927) noted that the localized resistance following an erysipelatous 
lesion was not sharply specific. It was effective against strains of haiiiiolytic streptococci 
antigenically dissimilar from the strain producing the mitial lesion, and to a less extent 
against Staphylococcus aureus. Rivers and TiUett (1925), studying the properties of the 
serum derived from the rabbits in which they had produced a localized antistreptococcai 
immunity, found that such immune serum injected into the skin 24 to 48 hours before the 
injection of living streptococci into the same site rendered this site relatively refractory to 
infection. Similar results w^ere, however, obtained by the injection of normal serum, or of 
ordmary nutrient broth, though the protection in this case was less effecti%^e and quite non- 
specific. Mallory and Marble (1925) prepared filtrates from cultures of staphylococci and 
streptococci. With these they infiltrated localized areas in the skin of a rabbit, and found 
that such treatment conferred a strictly localized but non-specific immunity lasting for 5-6 
weeks. This increased resistance was, however, little if any greater than that conferred by 
the infiltration of the skin with sterile broth. Analogous results have been recorded by Miller 
(1927), Freedlander and Toomey (1928), Hanger (1930), Toomey and Freedlaiider (1931), 
and Bridre and Bardach (1936). 

Freedlander and Toomey carried out a detailed histological study of the reactions 
induced in the cutaneous tissues by the application of compresses of sterile broth, and 
of the reactions that followed the subsequent injection of Staphylococcus aureus into these 
treated areas. They found that the application of the broth compresses to the abdominal 
wall of the guinea-pig, for a period of 48 hours, produced a localized oedema, a marked 
proliferation of histiocytes and a moderate exudation of polymorphonuclear and sinai! 
mononuclear cells. The cellular response to the subsequent injection of Staphylococcus 
aureus differed widely in treated and untreated animals. In the broth-prepared ammals 
there was an increase in the histiocytes and fibroblasts with a dense exudation of poly- 
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morphonu clear cells, which showed little tendency to degenerate. The histiocytes phago- 
cytosed the staphylococci at an early stage of the reaction, while the proliferating fibroblasts 
tended to wall off the lesion. In the control animals the oedema following the bacterial 
infection was more marked, there was little proliferation of histiocytes or fibroblasts, and 
the polyinorphonnclear cells, -which collected in considerable numbers during the earlier 
stages of the reaction, showed a marked tendency to undergo degeneration at a later 
period. The reaction was in general more severe and destructive and far less localized. 

It would seem justifiable to conclude that there is an important non-specific 
element in the local immunity that follows the injection into the skin of various 
reagents, or its treatment with compresses, etc., and that this non-specific increase 
in resistance is determined in large part by the mobilization of various phagocytic 
cells, and perhaps by changes in the local capillaries and lymphatics. 

Non-specific immunity of this type is by no means limited to the skin. 

Pfeiffer and Issaeff (1894) showed that the injection of such materials as broth, peptone 
solutions or urine into the peritoneum of the guinea-pig would so alter the local conditions 
that the animal became resistant to the intraperitoneal injection of living cholera vibrios 
in doses fatal to untreated control animals. It is not justifiable to regard this particular 
non-specific immunizing reaction as local, in the same sense as the cutaneous reactions 
considered above, since material injected into the peritoneum is rapidly transferred to the 
blood stream, and a generafized non-specific response of the type discussed in Chapter 52 
may well be concerned, in addition to any possible local effect. 

Gay and Morrison (1923) injected various substances intraperitoneally into rabbits, and 
injected living streptococci 24 hours later. They found that certain substances, such as 
meat-extract broth, afforded marked protection, while others, such as aleuronat, did not. 
They noted that the substances which conferred protection were those that produced 
exudates in which macrophages w^ere particularly numerous, while those that produced 
exudates containing numerous potymorphonuclear cells but few macrophages were far 
less effective. 

Oerskov and Kauffinann (1936) and Oerskov (1940) record examples in mice of an 
intraperitoneal immunity to Vi forms of Salm. typhi and to SJi. shigce that could be 
induced non-specifically by the injection of living or dead preparations of bacteria having 
no antigenic relationship to the infecting strain. Pliihpson (1937) has made an extensive 
study of the immunity to Sh, shigce induced in mice by vaccines of Salm. paratyphi JB. 
He found that a relatively high degree of non-specific immunity to intraperitoneal Sh. shigce 
%vas demonstrable 8 hours after an intraperitoneal dose of vaccine, and lasted 3-9 days. 
When two doses of vaccine were given at a 9-days’ interval, the immunity was demonstrable 
2 hours after the second dose, and lasted up to 21 days. Thus the period of induction 
of the immunity was shortened, and its duration lengthened, by the re-vacchaation. An 
intraperitoneal immunity of this degree, demonstrable 2 hours after the second dose of 
vaccine, could not be induced by intravenous vaccination and re-vaccination, nor by 
intravenous vaccination and intraperitoneal re-vaccination. Some immunity, however, 
followed intraperitoneal vaccination and intravenous re-vaccination, indicating that the 
stimulating effect of re-vaccination could be elicited in the peritoneum by blood-borne 
vaccine. Though the immunity was clearly non-specific, the stimulating effect of re- 
vaccination was in some way dependent on specific factors, for vaccination by one species 
of bacterium, and re-vaccination by an antigenicaUy unrelated bacterium, was not followed 
by any significant increase in immunity. 

Walsh and Cannon (1936) immunized rabbits against intranasal infection of the lungs 
with Type I pneumococci, by five or more daily instillations of formol-MUed Type I 
pneumococci. The immunity was specific, though it appeared before antibodies were 
demonstrable in the blood of the animals. Cannon and Walsh (1937) recorded experi- 
ments which point to the induction of a local, perhaps specific, immunity in the lung by 
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this procedure — an immunity apparently dependent on an increased resistance to the 
passage of the cocci from the alveoli into the tissues (see also Exchaquet 1936). Similar 
results were obtained by North and Anderson (1942) who found that intranasal E, pertussis 
vaccines were more effective than intraperitoneal vaccines for immunizing against intra- 
nasal H, pertussis. They concluded, however, that the superiority of the intranasal route 
was due to non-specific immunity, since the antibody response to \uccmation by either 
route was simfiar. Intranasal vaccines made of orgariisnis more or less related to 
H. pertussis — H. mfluenzce, H. parapertussis and H. hroyicliisepiicus — were also effective. 
No immunity resulted from instillation of staphylococci or pneumococci, but a Bacf. coli 
vaccine was highly effective. The efficacy of the Bacf. coli appeared to depend on its 
capacity to induce a histological reaction m the lung similar to that induced by H. pertn.^sls. 
Serologically speaking, the effect was non-specific. It is salutary to reflect that, had the 
test with BacL coli been omitted, the evidence would have been of the kind we are accus- 
tomed to regard as a reasonable indication of the specificity of a particular immuniziiig 
effect. 

It should be noted that the local changes associated vith inflammation are not always 
protective. They may even increase susceptibility. Thus Olitsky and Schlesinger (1941; 
enhanced the infectivity of herpes virus for mice by first inducing oedema at the inocula- 
tion site with hypertonic salt solutions. EuU inflammation induced by turpentine, on 
the other hand, was protective. 

It is clear, then, that there is an element, in some cases a strong element, of 
non-specificity in local immunity. Its existence by no means excludes the possi- 
bility that specific factors are also operative. On this point the evidence is scanty, 
though, as we have seen in Chapter 50, there are indications that specifi.c antibody 
formation occurs, not only in local lymph nodes, but in the skin also. The few 
experiments recorded on local antibody formation in the skin suggest that a con- 
spicuous local proliferation of cells is a necessary preliminary to the formation 
of detectable antibody. It is possible, however, that an inimunologically effective 
local response might take place in the absence of a gross proliferative lesion, and 
contribute to a specffic local immunity. 

Is local immunity necessarily associated with a cellular or tissue immunity in the 
strict sense ? 

There is, as has been pointed ont above, no necessary correlation between 
local immunity and cellular immunity in the sense here implied — an immunity 
which belongs to the cell as such apart from its immediate environment and, in 
particular, apart from any antibodies which may be present in the tissue fluids 
in its immediate neighbourhood. A cellular immunity might weU be widespread in 
its distribution, and effects. A local immunity may be due to a variety of factors 
other than an acquired resistance of particular cells. 

None of the observations outlined above necessitates the assumption that a 
cellular immunity is involved; but aU of them are quite compatible with its 
existence. 

In tbis relation we may recall certain facts in regard to the formation and 
distribution of antibodies, and the phenomenon of anapkylaxis and hypersensi- 
tiveness. The serum antibodies, wherever they are produced, are rapidly dis- 
tributed throughout the tissues, and are in part fixed by various tissue ceUs. We 
know almost nothing of the mechanism of this fixation, or of how the antibodies 
are distributed among the tissue cells. We do know, however, tkat a cell that has 
taken up its quota of a given antibody reacts specifically to the presence of the 
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corresponding antigen ; and tMs mechanism ^ould seem to be involved in those 
allergic reactions that are associated with infection and immunity. A cellular 
immunity of this type, and conditioned in this way, almost certainly occurs ; 
though we have, at the moment, no knowledge of what part it plays in the mech- 
anisms of immunity in general. 


SUMMARY 

The evidence available appears to justify the following conclusions. 

(1) By the injection of various materials into the tissues, and by certain analo- 
gous procedures, it is possible to induce an immunity which is confined to the 
neighbourhood of the treated area, and is not shared by the body as a whole. 

(2) This immunity appears to be distributed in accordance with the area in- 
volved in the original inflammatory reaction, not in accordance with the distribution 
throughout the affected part or throughout the body generally of one particular 
type of cell. There is good evidence of a localized immunity affecting an area of 
skin, or a particular serous sac. There is no adequate evidence of an immunity 
affecting the skin as a whole, or the intestinal mucosa as a whole, or serous surfaces 
as a whole, except as the expression of a general immunity. 

(3) It follows that we cannot accept the conclusion that a localized immunity 
of the latter type is an essential factor in a general immunity. Even had an in- 
duced skin immunity, or mucous membrane immunity, been shown to exist, our 
knowledge of the general defence mechanisms of the body would prevent us from 
regarding such a local increase in resistance as the essential factor in antibacterial 
immunity. 

(4) All the evidence suggests that non-specific factors are of primary import- 
ance in those instances of local immunity that have been submitted to experimental 
study. It would appear to be the initial inflammatory reaction as such, and the 
cellular changes which persist for some time after it has subsided, that determine 
the relative resistance of the treated area to subsequent experimental infections. 
In particular it would seem that any treatment which induces a local mobilization 
and concentration of histiocytes will confer on the treated area an increased resist- 
ance, which will last as long as the local cellular changes persist. There is some 
evidence that with the decline of the cellular change, the treated area remains 
for some time more responsive than normal to non-specific immunization. 

(5) When a localized area is repeatedly treated with a particular bacterium, 
a general immunity is often superimposed on the local immunity. There is nothing 
in the evidence at present available to suggest that such general immunity, in so 
far as it is specific, differs essentially from the specific antibacterial immunity 
that we have considered in earlier chapters. 

(6) The problem of the existence of a cellular, as opposed to a humoral, immunity 
is distinct from that of the existence of a local, as opposed to a general, immunity. 
There is nothing that compels us to assume the existence of a cellular immunity ; 
but it would accord we! with several experimental findings. If such a mechanism 
plays an essential part in immunity, it seems quite possible that it is conditioned 
by the fixation by various tissue ceils of specific antibodies, and is hence only a 
humoral immunity at one remove. 
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CHAPTEE 54 


THE INFLUENCE OF DIET, FATIGUE, CHANGES IN 
TEMPERATURE AND HUMIDITY, CHEMICAL AND 
CHEMOTHERAPEUTIC AGENTS AND OTHER 
FACTORS ON GENERAL OR LOCAL IMMUNITY 

The Influence o! Diet on Immunity 

It will be convenient to discuss first the effects produced by deficiency or excess 
of the accessory food factors, or vitamins. 

Many of the reports of the action of vitamins on the immune reactions in man 
and animals are contradictory, especially those of earlier workers in the field. 
Doubtless some of the contradictions are due to lack of knowledge of what consti- 
tutes a deficiency or an excess of a particular dietary factor, and to variations in 
the conditions of the experiments ; but one of the most hkely sources of error is 
the complexity of the vitamin preparations used. It is perhaps possible to say 
with conviction that a certain vitamin is in excess or deficient in a given diet, 
but the presence or absence of active amounts of other essential food substances 
is often problematical. In a few cases, as with Vitamin C, the difficulty may be 
overcome by comparing the effect of the synthetic vitamin with that of a prepara- 
tion from natural sources ; for though neither can with certainty be declared 
free of other vitamins, it is unlikely that the same contaminants will be present 
in both. In other eases we must rely on the chemical and biological evidence 
that the vitamin under test is a single substance free from contamination. The 
interpretation of vitamin work is often complicated by ignorance of the nutritional 
state of the animals under test. There may be, for example, a large difference 
betw'een the optimal vitamin content of the tissues, and the level at which signs 
of vitamin deficiency appear ; and of two apparently normal animals, one may 
have ample reserves of a vitamin, while the other will become clearly abnormal 
after only a short period of dietary deficiency. In these circumstances, discrepant 
results of experimental variations in vitamin intake are to be expected unless 
there is careful control of all the significant nutritional variables. 

Another source of error has been demonstrated, particularly with regard to 
the vitamins of the B complex : namely, the contribution of the microbial flora 
of the gut to the nutrition of the animal under test. The synthesis and destruction 
of ffitamins by intestinal bacteria is discussed in Chapter 90. We may note here 
that the intestinal flora may vary widely in its vitamin production, and that the 
bacterial vitamins may supplement, or even replace, the dietary supply of an 
essential vitamin. W e need not labour the complications introduced into nutritional 
experiments by the normal bacterial flora of the intestine. To take one instance, 
it will be evident that the addition or omission of a non-vitamin dietary con- 
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stituentj by inducing a gross variation in tlie intestinal flora, may profoundly 
alter a vitamin balance that is largely maintained by microbial activity in the 
intestinal canal ; and the consequences of the alteration may be attributed directly 
to the change in diet. 

Yariations in the Intake of Vitamin A —In 1909 Knapp described a curious 
condition of tbe eyes developing in rats fed on a deficient diet. This condition 
(xerophthalmia) is characterized by a thickening and drying of the superficial 
epithelial covering of the eye, patchy in distribution, and associated in its later 
stages with a subacute bacterial infection of the underlying tissues. Knapp did 
not ascribe these lesions to any speciflic dietary deficiency ; but we know now that 
the essential factor in its causation is lack of the fat-soluble Vitamin A, and Knapp’s 
protocols show that the diet he employed was, in fact, deficient in this constituent. 
Similar lesions have since been described by many other observers, not only in 
the rat but in other animals, such as the rabbit (Kelson and Lamb 1921), Boock 
and Trevan 1922) and the dog (Steenbock, Nelson and Hart 1921). Particularly 
interesting is the account of Bloch (1921, 1928) of the occurrence of numerous cases 
of xerophthalmia in Danish children during the 191L-18 war, when the supply of 
animal fats to the general population, and in particular to the dwellers in large 
towns, was greatly restricted. The increased susceptibility to bacterial infection 
that results from Vitamin A deficiency is, however, by no means limited to the 
superficial tissues of the eye. In describing the condition of the children in Copen- 
hagen Bloch remarks : “It is absolutely characteristic of these dystrophic children 
how little they are able to withstand infections, and how quickly they die of serious 
intercurrent fever.” The most important killing disease that developed among 
them was broncho-pneumonia. Blegvad (1923) records the following incidence 
of serious complicating infections among the cases of xerophthalmia — broncho- 
pneumonia 63, bronchitis 45, pyuria 42, otitis media 30. These clinical observa- 
tions are in entire accord with the results obtained in dietary experiments on 
animals. 

The liabihty of rats fed on a diet deficient in Vitamin A to develop intercurrent 
infections, such as glandular abscesses, suppurative arthritis, suppurative 
otitis, pyelonephritis and broncho-pneumonia, has been noted by many observers 
(Drummond 1919, Hess et al. 1921, Cramer 1923, 1924, 1927, Gross 1924, Wolbach 
and Howe 1925, Green and Mellanby 1928, 1930, Gudjonsson 1930). The more 
precise knowledge that has accrued within recent years in regard to the chemical 
nature of certain of the vitamins has made it possible to demonstrate clearly that 
the fat-soluble vitamin concerned is A, not D (see Goldblatt and Benischek 1927, 
Green and Mellanby 1928) ; and to establish, in this respect as in others, the func- 
tional similarity of Vitamin A and carotene (Green and Mellanby 1930). 

These observations on the increased frequency of spontaneous infections have 
been confirmed and extended by testing the resistance of animals kept on an 
A-deficient diet to experimental infection (Workman 19236, Hotta 1928, Eeiter 
1929, Lassen 1930, 1931, 1932, McClung and Winters 1932, Greene 1933, Robertson 
1934). Lassen’s studies are of particular interest, since the course of infection in 
the avitaminotic and control animals was followed in considerable detail. Rats 
were reared on a diet lacking Vitamin A, and were then infected, together with 
control rats of the same age fed on a complete diet, by administering living cultures 
of SgItu* ty phi'- 7 }%uTiuWj hy th.e mouth, or by subcutaneous or intravenous iniections. 
The avitaminotic rats showed a significantly lower resistance than the normal 
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controls. In the experiments in which the bacilli were administered by the month, 
the course of the infection was studied by the technique employed by 0rskov, 
Jensen and Kobayashi (see p. 1046). The rats were killed at various intervals 
after infection and cultures taken from the intestines, Peyer’s patches, mesenteric 
glands, liver, spleen, lungs and heart’s blood. In the normal rats the infection 
tended to be limited to the Peyer’s patches and mesenteric glands, with some 
extension to the liver and spleen. In the avitaminotic rats it tended to become 
generalized, and to produce a fatal bactersemic infection. In the few experiments 
in which the bacilli were injected intravenously, the avitaminotic rats showed the 
same initial clearing of the blood stream as did the normal controls, but in the former 
this initial clearance was followed by a secondary bactersemia and a fatal general- 
ization of infection. 

By adding irradiated ergosterol to the Vitamin A-deficient diet and noting 
that this procedure did not prevent the fall in resistance to experimental infection, 
Lassen (1931) was able to show — as Green and Mellanby had done in the case of 
spontaneous infections — that the effect of removing all fat-soluble vitamins from 
the diet was due to the absence of Vitamin A. 

It may be noted, and this is a point of some importance, that Lassen found it 
necessary to induce a pronounced degree of avitaminosis before he could demon- 
strate a well-marked break in resistance. He states that a slight decrease in 
resistance occurs after 2 to 3|- weeks on a Vitamin A-free diet, at a time when 
the animal shows no clinical evidence of avitaminosis, but that the clear and sig- 
nificant fall in resistance sets in suddenly at a later stage, coincidentally with the 
appearance of xerophthalmia. 

The mechanism that underlies the decreased resistance of animals deprived of Vitamin 
A is as yet far from clear. Cramer (1923, 1924) has described atrophic changes in the 
intestinal mucosa of avitaminotic rats, and believes that the lesions facilitate the passage 
of bacteria from the intestines to the tissues. Wolbach and Howe (1925) record striking 
changes in the surface epithelium in certain situations, though they locate these lesions 
in the lining membranes of the nares, trachea, bronchi and genito -urinary tract, rather 
than in the intestine. These observations would suggest that the increased susceptibility 
to infection associated with A-avitaminosis may be due, in part at least, to a failure of 
the first-line defence mechanisms discussed in Chapter 45 ; but such a view is difficult 
to reconcile with other evidence on record. Thus Lassen (1931) found no difference in 
the rate at which bacteria passed from the intestine to the mesenteric glands via the Peyer’s 
patches and l 3 miph foUicles, as between normal and avitaminotic rats. It was in the 
subsequent course of events — the fatal generalization of infection as opposed to its successful 
localization — that the avitaminotic animals displayed their lack of effective resistance. 
Moreover (Hotta 1928, Beiter 1929, Lassen 1930, 1931, 1932) such animals are more 
susceptible than normal controls to the subcutaneous, intraperitoneal and intravenous 
injection of bacteria — in which the first line of defence is artificially ruptured — as well 
as to the administration of pathogenic bacteria by the mouth (see also Stryker and Janota 
1941). On the other hand, Sternberg and Pillsburg (1937) were unable to detect any 
lowering of the resistance of rats to intradermal infections with staphylococci and strepto- 
cocci, as the result of Vitamin A deficiency. 

It would seem, therefore, that there must be some defect in the defence mechanisms 
of the tissues — ^in the efficient functioning of the reticulo-endothelial system itself, or in 
the conditioning or accessory action of the humoral antibodies — but of the nature of that 
defect we have as yet no Imowledge. It may be noted in this connection that most workers 
have failed to find any ‘ satisfactory evidence that deprivation of Vitamin A — or indeed 
of any other vitamin — reduces the efficiency of antibody production in response to a 
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specific stimulus (see Zilva 1919, Werkman 1923^,?;, Werkman, Xelson and Fulmer 1924, 
Cramer and Kingsbury 1924, Simola and Bmnius 1933!, tiioiigii Greene '1933; reerird> an 
apparently significant decrease in the ability of A-aTitammotic reJjbits to produce 
hsemolysins for sheep’s red cells and Jusatz (lOSGrpi a depression in rabbits botli of the 
bactericidal power of the blood and of the formation of precipitins for sor-nn aftor 

prolonged feeding on a diet free from vitamins A and D. Lassen ‘1931, 1932,, that 

the sharp difference in resistance between normal and avitaminotic r/ils canijot he demon- 
strated when both groups have been previously immurdztm by the iiijcctirn of a iieat- 
kiiled vaccine, which indicates that the antibod\^-producing mechanism is still funetiuiiirm' 
with effect. Boynton and Bradford (1931) tested the resistance of rats to rirtihcml infec- 
tion with a bacillus of the Friedlander group, and found that it uus lowr red by ViraiiJn A 
deficiency even before signs of avitaminosis had developed. 

With progressive deficiency Gellhom and Dunn (1937) observed a itrojrc.-sive fill in 
the phagoc 3 dic index of rat-blood, which was reversed when Vitamin A was rc'tortd t-i 
the diet. The association of this effect vdth deficiency is dubious, since tli ,3 jHficitnt 
rats suffered from spontaneously acquired infection, which may itself have afibeted the 
phagocytic index. The significance of lysozyme in defence against infection is not cltmr 
(see Chapter 45) but it may be noted that in deficient rabbits SuUivaii and MaiiviLle (1937) 
found a retention of lysozyme in the intestinal tissues, and a diminution in the mucous 
secretions. 

Observations have been recorded suggesting that the deprivation of Vitamin A renders 
animals more susceptible to the injection of bacterial toxins, as well as to the invasive 
action of Hving bacterial cells (Werkman, Baldwin and Kelson 1924, Schubert 1928). 
Torrance (1936), however, in a careful study of the Vitamin A content of the liver in 
guinea-pigs, found no association between vitamin level and susceptibility to diplitheria 
or tetanus toxin (see also Chalier and Jeune 1938). 

It is possible that the whole effect of Vitamin A deficiency is indirect. Klijler. « Uiggcn- 
heim and Henig (1945) found, in accordance with a number of other observe rs, that 
ance of rats and mice to infection — ^in their cas(* with Sahn. ti/pM-niuriuf^i — was not 
significantly lowered hy a partial Vitamin A deficiency, but only by a complete avita- 
minosis. Avitaminosis was, however, invariably associated with dechning weight in the 
experimental animals. In other words, the decline in resistance appeared to be due 
to starvation, a conjecture supported by the fact that rats whose food intake was restricted 
to the same amount as that eaten by avitaminotic rats, w'hile the Vitamin A intake was 
normal, were as susceptible as the avitaminotic animals to the salmonella infection. 

We have been concerned so far with a comparison between animals fed on a 
normal diet and those deprived of Vitamin A. The former have clearly an advant- 
age ; but it is by no means a necessary corollary that an excess of Vitamin A will 
raise the resistance above normal level. 

There are as yet no adequate experimental or field data on which a sound 
opinion on this further problem can he based. It is intiinsicaily a difficult one, 
since it really resolves itself into comparisons of resistance over a wide range of 
different levels of Vitamin A intake. The amount that is required for normal 
growth may fall short — even if not far short — of the amount required for optimal 
resistance. 

Among other experiments that have a bearing on this point are those of Webster 
and Pritchett (1924) on the influence of diet on susceptibility to experimental infection 
with 8alm. typU-murium, They compared the resistance of mice fed on the ordinary diet 
of the Rockefeller Institute— a daily ration of bread, soaked in fresh, pasteurized. Grade B 
milk, supplemented by two weekly feedings of an oatmeal and buckwheat mixture and one 
weekly feeding of dry biscuit — ^with that of mice fed on a modified McCollum diet containing 
wheat flour, casein, milk powder, butter fat and salts. Mice kept on these diets were tested 
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in groups of 10-36 animals, by tbe injection through a stomach tube of 2-5 million Balm. 
i}j pill- murium. The results indicated that the mice fed on the McCollum diet were signific- 
antly more resistant than those fed on the ordinary laboratory di©+-. Pritchett (1927) 
records a more numerous series of experiments along similar lines, in which an attempt 
was made to assess the influence of the different constituents of the McCollum diet. The 
increased resistance of the mice fed on this diet was in general confirmed ; but the effects 
produced by varying its constitution were not easy to interpret. For instance, the entire 
withdrawal of butter fat — the only source of Vitamin A — left the mice more resistant than 
the mice on the ordinary laboratory diet, though less resistant than those on the full 
McCollum diet- On the other hand the addition of butter fat to the normal laboratory 
diet was followed, in four of seven trials, by a low’ering of mortality as compared with 
the control group ; and a similar result was obtained by the addition of cod-liver oil. 
In a later series of experiments on the effect of diet on the epidemic spread of mouse typhoid 
Webster (1930) records results from which he concludes that the substitution of the 
McCollum diet for the ordinary laboratory diet increases the resistance of mice to contact 
infection. 

In another series of observations along similar lines (Topley, Greenwood and Wilson 
1931) different results were obtained. Mice fed on a basal diet of whole-wheat flour, 
casein, butter and a salt mixture show^ed no advantage over mice fed on a diet of whole 
oats, milk and water as regards their ability to resist infection during an experimental 
epidemic of Balm, typhi-murium infection. The addition of an excess of fat, butter or lard, 
or of a Vitamin- A concentrate to this diet appeared to react unfavourably on the mice 
at risk. The unfavourable action of these artificial diets was not mamfest when the mice 
were infected by intraperitoneal inoculation. Under these conditions there was a suggestion 
that the mice fed on the usual laboratory diet of oats, milk and water were slightly less 
resistant than the other groups, but the differences observed were quite insignificant. 
In order to avoid the possible complication introduced by the excess of fat in the vitamin- 
rich diets, other experimental epidemics were initiated in which the vitamin content of 
the normal laboratory diet was increased by the addition of a ration of carrot or of cabbage. 
The mice receiving carrots appeared to be at a disadvantage as compared with those on 
the normal diet ; the addition of cabbage produced no significant change in mortality. 
It may be noted that Lassen (1931) records that a considerable excess of shark- liver oil 
in the diet caused a slight decrease in the resistance of rats to experimental paratyphoid 
infection. 

These experiments are considered here because some of them at least have a bearing 
on the effect of an excess of Vitamin A over the amount required to maintain growth and 
apparent well-being ; but it would in truth be unwise to lay much stress on their signific- 
ance, since it is clear that the diets employed varied in many ways besides their differences 
in Vitamin A content. It does, however, seem fair to conclude that no adequate experi- 
mental evidence has yet been produced that an excess of Vitamin A over the level required 
to prevent all overt signs of avitaminosis induces an increased resistance to bacterial 
infection. 

Little evidence is available with regard to the effect of increasing the amount 
of Vitamin A supplied to human subjects. The collection of such evidence clearly 
demands special conditions. The infections associated with child-birth afford 
opportunities for such a trial, and are of particular interest because of the obvious 
possibility that pregnancy may make a large call on the vitamin reserves. Mellanby, 
Green and their colleagues (Green et al. 1931) record a trial in which 275 women 
received a Vitamin-A concentrate by mouth during the last month of pregnancy, 
the incidence of varying degrees of morbidity among this group during the puer- 
perium being compared with the corresponding figures for a control group of 275 
women not so treated. In every comparison the treated group fared better than 
the untreated. Thus 19*2 per cent, of the treated women suffered from pyrexia, 
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as against 30-9 per cent, of tke untreated ; wliile for severe pyrexia the figures were 
1*5 per cent, and 3-6 per cent, respectively. The evidence so far as it goes clearly 
suggests that the administration of 'Vitamin A in large amounts has some propliv- 
lactic value against the risk of puerperal infection. 

There is no obvious reason for supposing that the adminL^t ration of of Viliimlii A 

would exert a beneficial effect on an already established infection ; and rnr*st of the 
evidence available is in accord with the a priori probabilities. Mellanby and Creeri i 1929 
reported a few eases from which they concluded that a therapeutic effect was exerted in 
puerperal fever ; but the studies of Thomas (1931) on a far larger aeries of puerperal 
showed no benefit, either in mild or serious infections. Orenstein ; 1932, failed to find any 
evidence that the administration of a highly potent preparation of Mtainiii A lias a bene- 
ficial effect on cases of pneumonia occurring among the native ivorkers on tiit‘ Rand liimes. 
Over a 1-year period alternate cases were treated wdth this pn parath^i. Of 373 treated 
cases 10T3 per cent, died ; of 389 untreated cases 10-28 per cent. died. 

Variations in the Intake of Vitamin B. — The Vitamin B complex ineiiidc.> defined 
vitamins like Vitamin Bi, or thiamin, Avhich is relatively heat-labile, and the heat- 
stable Ba comj)lex, W'hich includes nicotinic acid, ribofiavin, pyridoxin, panto- 
thenic acid, biotin, and other substances. It would appear both from clinical 
records and from experimental studies that a deficiency in the intake of Vitamin Bj, 
— the antineuritic vitamin — has no effect on resistance to infection at all com- 
parable to that produced by a lack of Vitamin A. In the earlier records there 
are suggestions that B-avitaminosis is associated w'ith a minor increase in sus- 
ceptibility to infection, but the evidence is of very doubtful significance (see Werk- 
man 1923a, b, Werknian, Baldwin and Nelson 1924, Lassen 1929, 1931, 1932, 
Robertson 1934). 

The effect of a prolonged suboptimal intake of the vitamin B complex was studied 
in rats by Drummond and others (1938). The deficient rats had feebler reproductive 
powers, were shorter-lived, and post mortem show'ed a significantly higher incidence of 
gastro -intestinal lesions, than those in a control group on a full diet. Nevertheless, they 
suffered from no epidemics, and the incidence of bronchiectasis, the only infective disease 
to which the rats were prone, and of sporadic pneumonia and abscesses, was the same 
in deficient and control groups. Rose and Rose (1936) compared the course of artificial 
Staph, aureus bactersemia in 8 normal and 8 B^-deficient dogs. The deficient dogs lost 
weight more rapidly, and suffered a more prolonged bacteraemia, but there was no significant 
difference in the recovery rates in the two groups. They foimd no depression of resistance 
to Cl. welchii toxin in deficient dogs (Rose, Rose and Kolmer 1936). Janota and Back 
(1939) record that the anaemia, leucopoenia, gingivitis, oedema and diarrhoea which follow 
Bg deficiency in monkeys, is associated with the spontaneous appearance of Sh. fiexncri 
in the stools. Rats fed on B-deficient (Lamb 1935) or thiamin-deficient diets (Badger, 
Masunanga and Wolf 1940) exhibit a decreased resistance to rat leprosy. WooUey and 
Sebrell (1942) maintained mice on thiamin- and riboflavin-deficient diets for 2-3 w^eeks, 
and found a diminished resistance to intranasal infection with Type I pneumococci. 
Robinson and Siegel (1944), using comparatively small numbers of animals, studied the 
effect of restricted B vitamin intake on rats injected intratracheally with a mixture of 
mucin and Type I pneumococci. Compared with rats on a defibaed, synthetic ” diet 
containing adequate amounts of known. B vitamins, neither riboflavin- nor pantothenic 
acid-deficient rats were less resistant ; thiamin deficiency, and to a less significant degree, 
pyridoxin deficiency, lowered the resistance. Rats on a normal stock diet, it should 
be noted, were as susceptible as thiamin-deficient rats. 

Among virus diseases the effect of deficiency varies. Cowdry, Lucas and Neff (193o) 
found no diminution of resistance to injection with herpes virus in Bj^- and Ba'dcficxent 
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rats. Kuczynski (1937) increased the survival rate of normal mice injected with yellow 
fever virus from about 20 per cent, to about 75 per cent, by increasing the dietary thiamin. 
It is doubtful whether these effects are specific. For example, Sabin (1941) has shown 
that though thiamin or B-complex deficiency delays the normal acquisition by mice of 
an adult resistance to encephalitis induced by the virus of vesicular stomatitis, a similar 
delay occurs when food is restricted, and the dietary B vitamins are adequate. In this 
connection we may note that Cottingham and Mills (1943) found a lowered phagocytic 
activity in the blood of rats which were deficient in thiamin, riboflavin, pyridoxin, panto- 
thenic acid or Vitamin G only when the deficiency in each case was sufficient to retard 
the growth of the animals. 

Experimental poliomyelitis provides an example of a disease in which vitamin deficiency 
is apparently beneficial. Compared with normal mice, the incubation period, and the 
incidence of mortality and of paralysis among thiamin-deficient animals, are low (Rasmussen 
et al. 1943, 1944, Foster et al. 1944). Restriction of diet intake produces a similar but 
slightly less marked increase in resistance. Sprunt (1942) also records that under- 
nourished rabbits are less susceptible than fuUy-nourished rabbits to vaccinia virus, and 
poults out that viruses, which are highly adapted intracellular parasites, may be peculiar 
m requiring the full health of the host’s susceptible cells for their proliferation. This 
peculiarity is not, however, confined to virus infections, for pantothenic acid deficiency is 
reported to be associated with an increased resistance to experimental infection with 
Type I pneumococci (West et al. 1944). 

We cannot doubt that variations in the intake of B vitamins influence the 
course of infection by bacteria and viruses, though we cannot predict what the 
effect will be in any one tjrpe of infection ; nor is it always possible to say the 
decrease in resistance is a specific vitamin effect. It should be noted that thiamin 
and riboflavin deficiency decreases resistance in rats to worm infection (Watt 
1944) and biotin deficiency the resistance of birds to malaria (Trager 1943). 

In man, riboflavin deficiency is associated with breakdown. Assuring and sometimes 
infection of the tissues at the angles of the mouth and in the naso-labial folds ; and 
nicotinic acid deficiency (Sebrell and Butler 1939) with acute ulcerative stomatitis, in the 
lesions of which Vincent’s organisms (see Chapter 80) may be found. A similar associa- 
tion of stomatitis, gingivitis and periodontal suppuration, with deficiencies of both the 
Bo complex and Vitamm C, is reported in monkeys (Topping and Fraser 1939, Chapman 
and Harris 1941). There is little evidence to suggest that these infections are more than 
a secjondary invasion of the superficial lesions associated with the vitamin deficiency. 

Variations in the Intake of Vitamm C. — The evidence with regard to the effect 
of Vitamin 0 on resistance is peculiarly confusing and discrepant. 

On the clinical side Hess (1920) stresses the frequency of infective complications 
in scurvy, while Bloch (1928) states that scorbutic children show no tendency to infection 
in any w^ay comparable to that displayed by children suffering from xerophthalmia (see 
also Robertson 1934). 

Fox and his colleagues (1940) found no difference in sickness rates of adult negroes 
receiving adequate Vitamin 0 and of those on a vitamin-deficient diet. Vogl (1937) 
reported that Vitamm 0 prevented the development of post-operative pneumonia, and 
that it hastened the convalescence of pneumonic patients (see also Sexmewald 1938 
Szirmai 1940). Beneficial results have been claimed also in the treatment of whooping 
cough (Ormerod and Unkauf 1937), though Gairdner (1938) in a carefully controlled test 
found no difference between untreated and vitamin-treated children. Bamberger and 
Zen (1936), Dieckhoff and Schuler (1938) and Szirmai (1940) also claim beneficial results 
in diphtheria. In most cases, however, the number of uncontrofled factors in these tests 
is large, and conclusions as to the specific action of the vitamin must be drawn with 
circumspection. 
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Glasebrook and Tlioinson (1942) provide one of the clear-cut iiidicatioiis of a 

specific Vitamin C effect. They studied two groiipi. of boy^, one deficient in, tlie other 
saturated with, Vitamin G. They could find no differciiLC in the ineidfinee of cojiiiiioii 
colds or tonsillitis in the two , groups, luit netfd that ds^ii.nuit pilent^ vith tunsiliiiis 
staj-ed in hospital 16-7 days on the average, a< anainst In u <la\s hr tia -aturated. patn iih. 
During the period of observation there were 17 ca>es of pn^mmoma and 10 ea^^es of acute 
rheumatic fever among 1,100 deficient hoys, and none ammiii 33b satuivited. Tiie a>si sda- 
tion of infection with low vitamin levels in animals or man is not in itself uood evidence 
that the one is a direct result of the other, for m the infective ^tate, rsx)*'cially when it 
is accompanied by fever, there is a decrease of the vitamm in the ; indeed, mfeetlmi 

may precipitate scurvy in persons suffering from hv^povitaniiiiosis h-ee Abba>y n/. 1937, 
Harris et al. 1937, Fox 1943). The point is well illustrated in the attempts of Ihiiehurt 
and his colleagues to reproduce the lesions of rheumatic fever in guincvi-pigs. lliey found 
(1934) infection of scorbutic guinea-pigs with hieniolytic ,strcpto( occi resulted in catuin 
cardiac lesions which did not appear in scorbutic animals, or in ucjrmai animals lufcctMi 
with the streptococci. Moreover, in patients with rheumatic fever, the vitaniin 
were unusually low (1936). McBroom and his colleagues (i937p on the other hand, 
observed the lesions in uninfected scorbutic guinea-jiigs, provided that the scurvy was 
severe enough, and suggested that Hinehart's lesions were due to sev'ere scurvy, pre- 
cipitated in a non-specific manner by the superadded infection. 

As regards spontaneous infections in guinea-pigs suffering from exx>eriiiientai scurvy, 
Hamburger and Goldschmidt (1922-23), Grant (1926, 1930) and Schmidt-Weylaiid and 
Kdltzsch (1927) state that they are very common. On the other hand, Holst and Froiieh 
(1912) state that they are uncommon. The observations of Glenny and Alien { 1921 1 on the 
occurrence of epidemic infection among a stock of guinea-pigs on a vitainin-deficient diet, 
and its suppression by the addition of a ration of green stuff, may x}eiiiaps be taken 
as relevant evidence, though we clearly cannot assume that C-avutdimiiosis vv'as the 
determining factor. 

As regards the resistance of scorbutic gumea-xiigs to experimental infection, Findkiy 
(1923), Werkman, Nelson and Fulmer (1924), Grant (1926) and Sehmidt-Weyland and 
Koltzsch (1927) record a slight increase in suscep)tibility. Findlay would ascribe this to 
the degenerative changes and feeble leucoblastic reaction seen in the bone-marrow of guinea- 
pigs suffering from chronic scurvy. Werkman, Nelson and Fulmer stress the association 
between lowered resistance and lowered body temperature. 

The observations of Zinsser and Castaneda (1931) on the increased susceptibility of 
guinea-pigs and rats on a vitamin- deficient diet to experimental typhus infection may be 
referred to here. It is probable that the guinea-pigs were suffering from some degree of 
C-avitaminosis ; but the fact that rats, w^hich are generally regarded as being relatively 
insensitive to the deprivation of this vitamin, showed the same decrease in resistance 
makes it difficult to assess the significance of these results. 

McCullough (1938) records an increased susceptibility to infection by F. necropkonis 
in deficient guinea-pigs, which only became evident when the scurvy was sev'ere ; the 
administration of Vitamin C was followed by prompt recovery. In man, major deficiency 
is associated with a retardation of fibroblastic activity and of wound healing (see Hunt 
1941, Bourne 1942, 1944), and the possible association of vitamm deficiency and an inade- 
quate cellular response to infection is evident in the observations of Meyer and Meyer 
(1944) on experimental Staph, aureus infection of guinea-pigs. In normal animals the 
abscesses produced were hard and circumscribed ; those in scorbutic animals soft and 
with indefinite edges. The difference appeared to be due in the main to the extremely 
poor fibroblastic response in the scorbutic animals with a consequent failure in “ sealing 
off” the abscess from healthy tissues. 

Both bacteria and bacterial exotoxins are susceptible to the action of Vitamin C in vitro. 
The growth of diphtheria bacilli, streptococci, pneumococci, staphylococci, salmonete 
and H. pertussis is inhibited (von Gagyi 1936, Busing 1939, Meyer 1939, Otani 1939). 
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Small amoiiiits of diplitiieria toxin are inactivated by Vitamin G (Harde and Philippe 
1934, Greenwald and Harde 1935, Jungeblut and Zwemer 1935, King and Menten 1935, 
Widenbaner and Saretz 1936, Yokoyama 1938, Jungeblut 1941, Willison 1943). Jungeblut 
noted that the detoxication was increased in the presence of Cu ions. Petberick and 
Singer (1943) record a similar detoxication of GL welchii a-toxin, and of diphtheria and 
staphylococcal toxins, by Vitamin G in the presence of Fe, Gu, and Zn ions. 

These observations have led to a number of tests on the protective effect of excess 
\^itaiuin C against diphtheria intoxication. The evidence for a protective action of the 
vitamin is confficting. Neither Greenwald andHarde (1935), Widenbauer and Saretz (1936), 
Berger (1937) nor Zilva (1937) could detect any protective action in gninea-pigs ; nor could 
Pakter and Schick (1938) detect any differences in the ScMck-reactivity of normal children 
and children given massive doses of Vitamin C. Jungeblut and Zwemer (1935), King and 
Menten (1935), Lyman andKing (1936) Yano (1938) and Jungeblut (1941), on the other hand, 
report that excess of the vitamin, given an hour or so before the toxin, will protect against 
1~2 m.l.d. The protective effect w^as, however, inconstant. It appears that severe degrees 
of diphtheria intoxication reduce the vitamin content of the tissues (Torrance 1940 ; see 
also Lyman and King 1936). Vitamin C has little action on staphylococcal toxin (Mercier 
1938) or that of Cl. welchii (Souto and Lima 1938), but inactivates the toxins of Cl. tetani, 
(Jungeblut 1937c, Kligler el aL 1938), CL oedematiens^ CL septicum and GL histolyticum 
(Souto and Lima 1938). Souto and Lima claim that the vitamin has a prophylactic action 
in the animal against all four gas-gangrene toxins. Among the viruses we may note that 
Vitamin G inactivates herpes virus (Holden and Rosnick 1936) and apparently increases 
the resistance of rabbits to dermal infection with the virus (Holden and Molloy 1937). 
It also inactivates vaccinia virus (KMgler and Bernkopf 1937). Jungeblut (1937a, b) 
has reported a marked diminution in the paralysis and death rates of poliomyelitic monkeys 
when treated with Vitamin C (see Chapter 87), but neither Toomey (1937) nor Sabin 
(1939) could confirm this result. 

The in vitro action of vitamin C on infective agents and toxins can in most cases be 
ascribed to its considerable powders as a reducing agent. It seems unlikely that it could 
be given to the infected animal in sufficient quantities to produce in the tissues reducing 
intensities comparable with those in the test-tube, and w^e must ascribe any indubitable 
in vivo effect to a more complex action. 

The same conflict of evidence holds with regard to the immunological con- 
sequences either of excess or deficiency of Vitamin G. 

Lesne and Dreyfus (1911) and Zolog (1924) claimed that in guinea-pigs deficiency was 
associated with diminished sensitivity to anaphjdactic shock. Gohen (1938) was unable 
to confirm these findings (see also Sartori 1925, v. Niekerk 1937). Several observers report 
a prophylactic effect of excess Vitamin G in guinea-pigs, both in the whole animal, and 
in isolated sensitized tissues (Lemke 1936, Solomonica 1936, Ungar, Parrot and Levillain 
1937). Hochwald and Schwartz (1937), Raffel and Madison (1938) and Storck (1939) 
were unable to confirm these findings, and Dragstedt (Dragstedt et al. 1938) failed to find 
any effect of Vitamin G on hypersensitive dogs. Similarly with antibody formation ,* 
Jusatz (19366) and Madison and Manwaring (1937) record enhancement of precipitin 
response in rabbits, and Raffel and Madison (1938) in guinea-pigs given excess Vitamin C. 
Hochwald and Schwartz (1937) found no enhancement in guinea-pigs immunized with 
horse serum, and Madison, Fish and Frick (1938) no effect on the response to bacterial 
antigens. (For a discussion of the relation between Vitamin C and serum complement, 
see Chapter 7.) 

Variations ia the Intake o! Vitamin D The similar behaviour of Vitamin A 
and the anti-rachitic vitamin as regards their fat-solubility makes many of the 
earlier observations on the effect of a Vitamin D-deficient diet of doubtful 
significance. 
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Certain of the experimental studies that we have summarized al>(ive show that the 
addition of Vitamin D to a diet from which the fat-soluble vitamins have been rerooved docfc 
not prevent the lowering of resistance : indeed there ih a suggehiion in some c>f them ' see 
Lassen 1931) that the addition of irradiated ergosterol increases the susceptibilitv of the 
animals receiving it. In other experiments Lassen founri that rats on a rajIiifoL^erJc 
diet not entirely iackmg in \itamin A showed no appreciahle loworiii^ of their resistance 
to experimental infection per os, even when the macroscopic and histological evidence 
of rickets was clear and unmistakable ; and Lreund f 1932| was unable to denionstratc^ anv 
significant difference in the resistance of rats and mice maiiitaiiicd r»n m^nna!. Vitamin 
D-free or Vitamin D-excess diets. As we have noted abovis a ^-imultaiieoLis defirVirw 
of Vitamins A and D W'as found by Jusatz (1930«) to reduce tht^ buLtericidai tiif* 

blood. Toomey (1937) protected monkeys against iiitcstiiiaily. but not intim-erebraliy, 
injected poliomyelitis virus by treatment with Vitamin I), but r.ot with A dial C, or tlie 
B complex. Sabin and his colleagues (1941), on the other hand, f 4 ind that normal and 
rachitic monkeys tvere equally susceptible to the virus. By feeding puppit'S fr^r 30~r)0 ria\c< 
on a diet containing excess of yeast and carotene, Frohring (1937) claiined to have increased 
their resistance to dog distemper so that none of them developed the difeea>e wIfcu exposed 
in a distemper ward. The administration of a high vitamin diet apiparentiy reduce ‘d tiic 
mortality in dogs that had contracted the disease. Seheuiieit and Petzold \1937) were 
miable to modify the susceptibility of puppies to experimental distemper by a diet rich 
ill irradiated yeast, or to modify the severity of the disease by C()d-liver od (ti* Vitamin B 
therapy. However, when the yeast diet wms given to jiregnant bitches, and iiiaiiitaiiiefl 
dming w’eaning, the resistance of the jiuppies was increased. 

If we attempt to assess the significance of the data at present available with 
regard to the influence of variations in vitamin intake on resi^^tance to infection, 
we shall probably conclude (1) that there is good evidence that gross deficiency 
of Vitamin A is accompanied by a reduction of resistance ; (2! that it. is doubtful 
whether the addition of any extra source of Vitamin A to an ordinary unrestricted 
human or animal diet is likely to lead to any significant increase in resistance, 
save, possibly, in the special conditions of pregnancy, but that this question must 
await the answer of properly controlled trials carried out on an adequate scale ; 
(3) that the evidence with regard to the effect of Vitamin C deficiency is so divergent 
that no sound conclusion is possible at the moment, though there are definite 
suggestions that animals such as the guinea-pig, that are peculiarly susceptible 
to the deprivation of this vitamin, are rendered more susceptible to infection when 
it is withheld ; (4) that certain members of the B complex are associated with 
the factors that determine resistance and susceptibility ; and (5) there is at present 
no satisfactory evidence that Vitamin I) is associated with these factors. 

The relation of resistance to infection and other members of the rapidly expand- 
ing class of accessory food factors has as yet hardly been explored in any precise 
manner, but the future will undoubtedly reveal significant relationships. (For 
more detailed general reviews of the literature see Lassen 1931, Clausen 1934, 
and Robertson 1934.) 

The Influence of Other Dietary Factors on Resistance. 

The variations in dietary factors which we review under this heading must 
not be understood to exclude variations in the vitamins. In many cases, the 
content' of recognized vitamins in the diets is not itself known, and, in other cases, 
where they axe known, effects that we wish to ascribe to certain energy-producing 
food materials may in fact he due to traces of unrecognized vitamins present in 
the diet. We may fiLrst summarize observations which seem to provide an uneqiii- 
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vocal experimental demonstration of an increase in resistance due to a cLange 
111 diet, tliongli the mechanism involved is, as yet, quite obscure. 

Roliertson and Dojde (1936) maintained thi*ee groups of rats on a basic diet of salts, 
corn starch, vegetable fat, and vitamms in the form of cod-liver and wheat-germoils. Casein, 
wheat gluten and soya bean were added, respectively, to the diet in each group and the 
resistance of the animals was tested by intraperitoneal injection of Salm. enteritidis. The 
survival rates were 86 per cent, in the casein-fed animals, and between 30 and 40 per cent, 
in the two other groups. 

Watson (1937) made a systematic study of the resistance of mice to infection with 
Salm. iypJii-muritim, and obtained significant results during the comparison of two diets, 
which differed in that 50 per cent, of the oatmeal suppHed in one diet was, in the other, 
replaced by dried milk. In each case the diets were otherwise adequate and vitamins 
were supphed in the form of yeastrel and cod-hver oil. In repeated tests, carried out 
on statistically adequate groups of mice, it was found, with few exceptions, that the 
mice fed on the diet containing dried milk were significantly more resistant to the intra- 
peritoneal injection of a toxic fraction isolated from Salm. typhi-murium. They were 
also more resistant to the administration by the mouth of living cultures of Salm. typhi- 
murium. They were not significantly more resistant to the intraperitoneal mjection of 
hving bacilli. The resistance to the injection of the toxin, and to the oral administration 
of moderately virulent cultures, was fully developed only in mice that had been fed since 
birth on the diet containing dried milk. It was detectable in mice that received the 
diet for three weeks before the test inoculation, but was in this case barely sigmficant. 
The comparison was extended (Watson, Wilson and Topley 1938) to mice exposed to 
contact infection with Salm. typhi-murium. A significantly lower epidemic mortahty 
occurred in the groups whose diets included the dried milk. The better diet apparently 
reduced the risk both of manifest, and of latent infection. 

Church (1939) records results substantially in agreement with these using Salm. enteri- 
tidis as the infecting agent ; he made the interesting observation that dietetic effects were 
far more readily produced in young mice if the mothers were also subjected to the diet 
from a few weeks prior to mating. Indeed, the only changes found to exert a significant 
effect when instituted first in the weaned mouse occurred as the result of a 75 per cent, 
decrease in the total mineral constituents or an 80 per cent, decrease in calcium content. 

Eeference to the protocols recorded by Webster and Pritchett (1924), by 
Pritchett (1927), and by Topley, Greenwood and Wilson (1931) will show that 
Watson's results were entirely compatible with the view that the milk powder 
ill the diet was the component that determined the increased resistance of the 
mice recehing it, though this possibility was not in fact envisaged or discussed. 
How the effect is exerted it is not, as yet, possible to say. It seems, perhaps, 
more likely to be due to the effect on metabolism of a well-balanced diet, than to 
traces of any accessory substance in the dried milk ; and it would appear that the 
tissue changes on which increased resistance depends take some time to develop. 

Turning to studies that have so far yielded less definite and clear-cut results 
we may first consider certain surveys of a quite general kind, in which an attempt 
has been made to establish preliminary correlations that will serve to define problems 
rather than to solve them. 

In this category fall the studies of Orr and Gilks (1931) on the health of two African 
tribes — the Masai and the Kikuyu^ — and related studies (Orr, MacLeod and Mackie 1931) 
on the effect of nutritional variations on the resistance of sheep. The Masai, particularly 
the males, live mainly on a diet of milk, meat and raw blood. The Kikuyu live almost 
entirely on cereals, roots and fruits. Apart from a marked difference in physique — the 
adult male Masai is 5 inches taller, 23 lb. heavier and 50 per cent, stronger than the Kikuyu 
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tkere appears to be a significant difference in the frequeiicy of etrt.iin types of infeetive 
disease ; though the facilities for obtaining statistical data amcna native tribces are not of 
the kind that allow the collection of entirely convincing evidence. W'lth thiN reservation, 
it would seem that pulmonary infections (broriehitis, pjneum(?iiia and idithlsis'i and trojaeal 
ulcer ar-e far more frequent among the Ivihuvoi than among the while the latter are 

more prone to arthritis, presumably of an infective type This difierenee in subceptiluiity 
to particular kinds of infection is associated with a low calcium cuiiteiit of the blv'>.jd in the 
Kikuyu (9-4 mgm. per 100 ml. as agamst 11-4 mgm. among a small sample of European^ in 
Kenya and 10-10 5 mgm. among Europeans in generalh Sampler of blood add not 
be obtained on account of a tribal tabu. In the exiierimeiits on sheep, v Ideh were rarrad 
out in Scotland, animals were allowed to graze on different types of ]>asture, or fed on 
different diets in pens, and studies were made of the blood calcium, blood phosjjhorus. 
and (as an index of immunity /aide de mieux) of certain of the natural agglutinating or lytic 
antibodies. The results, as one wrould expect, are by no means euj-y to interpret ; hut 
there appears to he a definite correlation between ample jjasturage. a high eaieiiim and low 
phosphorus content of the blood, and general well-being, and there is a sugmirsticn that 
these conditions are associated with active lytic properties of the seriiiu. ■while the agglu- 
tinins in certain experiments appear to have varied inversely a.s the Ivsiiis. In later 
experiments (Mackie et at. 1932) a shght indication was obtained that the animals on the 
poor pasture were more susceptible than controls to the iritraderma! injection of the toxin 
of the lamb dysentery bacillus. 

It is noteworthy that experimental depletion of the serum proteins in dogs, by repeated 
bleedings and replacement of wEole blood by erythrocytes alone, or experimental hypo- 
proteinaemia and anasmia together, is associated wnth a high incidence of endocarditis, 
pneumonia and septicaemia (Kobscheit-Robbins, IMiUer and Whipple 1943 j. [Mills and 
Cottingham (1943) found a marked decrease in the phagocytic activity of blood leucocytes 
in rats on a protein-deficient diet, and suggested that increased susceptibility to infection 
in these circumstances might be the result of depressed phagocytic powers. 

Tke possibility tkat variations in the intake of miiieYtil salts may have an 
infinence on resistance kas been explored by various experimental workers (Zih'a 
1919, Lange 1925, 1927«, 6, Pritekett 1927, Hotta 1928, Kligler and Geiger 1928, 
Mayer and Sulzberger 1931, Sulzberger and Mayer 1931), but, excepting tke results 
of Ckurck (1939) noted above, tke evidence is kigkly confusing. We can, at tke 
moment, do little more than suspend Judgment, and note tkat a question kas been 
asked, but not answered. 

We may pass to tke effect of a general deficiency of food, apart from qualitative 
ckanges. We are kere in little better case, so far as experimental evidence is 
concerned. Hotta (1928) records a definite decrease in tke resistance of mice kept 
on a starvation diet, wkile Lassen (1931) finds only a trivial decrease in resistance 
of rats suffering from a relative but weU-marked inanition for a period of 17 weeks 
(see also Muller and Simons 1919, Bieling 1925, Bickert 1931). 

Apart altogether from their effect on tke defence mechanisms of the tissues, there can 
be no question tkat variations in diet alter tke local conditions in tke gastro-intestinal 
tract. We know (see Rettger and Ckeplin 1921, Dudgeon 1926) tkat the ingestion of certain 
food-stnffs produces characteristic ckanges in the gastro-intestinal flora; and Arnold ( 1926, 
1927a, &, 1929) has stressed the importance of various food materials in deranging or main- 
taining the efficacy of the gastro-duodenal bactericidal mechanism, particularly in infants. 
He suggests that such results as those recorded by Webster and Pritchett (1924) and 
Pritchett (1927) may be due in part to effects of this kind. 

We may note here an association between infection and hypersensitiveness 
to diet, wkick may prove to be of some importance in the study of resistance. 
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Coca (1941) lias observed in man a syndrome that he ascribes to food allergy, 
and finds that the incidence of the ‘'common cold” is higher among allergic 
than among non-allergic human beings. Brown and others (1943) have confirmed 
Ms observations. 

The Influence of Fatigue on Resistance 

In spite of the abundant clinical experience that establishes beyond question 
the conclusion that bodily rest is an important factor in the treatment of any 
infective disease, the experimental evidence with regard to the effect of fatigue 
on resistance to infection is more than a little puzzling. 

Spaeth and his colleagues (Oppenheimer and Spaeth 1922, NichoUs and Spaeth 1922, 
Spaeth 1925) have published a series of observations carried out on rats and guinea-pigs, 
from which they conclude that the resistance of these animals to tetanus toxm, and to 
experimental infection with the pneumococcus, is increased as the result of the fatigue 
induced by making the animals run for a long period in a revolving cage. Bailey (1925) 
working with rabbits subjected to intratracheal inoculation with pneumococci either 
before or after exercise, found that severe exhaustion increased their susceptibility to 
infection. There were indications that repeated intermittent exposures to the fatiguing 
process rendered the animals refractory to the depressant effect of fatigue. Friedberger 
and others (1981) have injected rats and guinea-pigs intraperitoneally with El Tor vibrios 
and have compared the fate of resting animals with that of others fatigued before, or after, 
or both before and after, the inoculation. There was no significant difference in mortality 
among the different groups. In the same series of experiments these authors studied the 
effect of fatigue on antibody production. The results were entirely negative. Such 
observations must clearly be interpreted conservatively, and without uncritical generaliza- 
tion. They emphasize the stability of the defence mechanisms of the tissues under a variety 
of different stresses ; but they do nothmg to lessen the significance of our common experi- 
ence that fatigue is harmful in established infections, and it would be very unwise to 
conclude from them that fatigue has no influence on the liability to contract an infection 
under natural conditions. 

More illuminating are the experiments recorded by Boycott and Price- Jones (1926). 
It may be noted that the infection they studied — that produced by Salm, enteritidis in 
the rat — is a natural disease of that animal, and therefore far more analogous in its patho- 
genesis to natural human infections than are the experimental conditions selected for 
study by the workers referred to above. When rats were infected with Salm. enteritidis 
by subcutaneous or intraperitoneal inoculation, fatigue induced before the inoculation, or 
during the first few days after it, appeared to have very little effect on the subsequent 
mortality rate. But 'when the rats were infected by feeding and then fatigued on several 
occasions during the subsequent few days the results were quite different. Twenty-seven 
rats w'ere treated in this way and of these 13 died. Twenty control rats were fed on the 
same cultures, but were not subsequently fatigued ; of these none died. The animals that 
survived the whole period of observation were submitted to necropsy, and it was found, 
in conformity with the findings recorded by many other observers, that the majority of them 
were still harbouring Salm. enteritidis in the spleen. There is an obvious suggestion 
that fatigue has a significant effect in activating a latent infection and favouring its fatal 
generalization. 

The Effect of Variations in Temperature, Humidity and Other Physical Conditions 

of the Environment 

The evidence available under this head is concerned mainly with the effect 
of these environmental factors on the first-line defence mechanisms of the kind 
considered in Chapter 45. Arnold and his colleagues (Arnold 19276, 1928, 1929, 
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Arnold and Brody 192/) have studied in considerable detail the effect of high 
temperature, especially when associated with high humidity, on the gastro-duodenal 
bactericidal mechanism of the dog. They find that such conditions dre associated 
with a decrease in gastric secretion, a consequent fall in the acidity of the sa^tric 
and duodenal contents, and an increased passage of bacteria from the stomach or 
duodenum to the ceecum. 

There are in the literature many other records of expenmeitts on the Alecl of Uenper.i- 
ture and humidity on resistance to infection (see 1923, Kiiaier ai Olitzki I1J3L 

Robertson and Weld 1932, Nishikawa 1935), but the mimla'rs of animah in tiio amn- 
parabie groups are so small, and the effects of these two factored so djlliouli to dis- 
entangle, that the significance of the results reported cannot be assessed. 

Hill and Muecke (1913) have shown that the mucosa of the human no, become'^ t ureal 
with blood and covered with a thick, mucous secretion when subjects are expo-ed to a 
warm, moist atmosphere, and that when such subjects pass immediately tt) a e old atiao- 
sphere the mucosa pales quickly as the result of a constriction of the vessels, but rem-un^ 
swollen and cedematous for a considerable period. Mudd and his coUeague& - 1921/ 
found that chiilmg of the body surface is associated with a marked fail ot temperature 
in the nasal and post-nasal cavities, and that the return to the normal temperature in 
these situations is at first rapid, but then veiy slow, w hen the body surfaca* is a jaio warmed. 
There is, then, good evidence of significant changes in the jihysiologieal c'nnditicms of the 
nose and nasopharynx in response to changes in temjieralure and Imniidity, and it may 
well be that some of these changes are associated with a lowering of the local resistance^ ; 
but such a correlation will clearly be very difficult to establish by any statistical survey 
of naturally occurring infections, and w’e have as yet no experimentul data bearing direct!}' 
on this point. Nungester and Klepser (193S) demonstrated that ex\ »osiire to told increased 
the aspiration of mucous material into the lungs of vliite rat^ ; that iiondnfectix e dosc^s 
of pneumococci would infect the lungs of rats vhen introduced together \uth nun in ; and 
that though chilling by itself did not lower the resistance of rats to intraperitoneal ]nieumu- 
cocci, it greatly increased the incidence of pneumonia in rats inoculated iiitraiiasall}' u ith 
mixtures of pneumococci and mucin. They concluded that chilling, ))y inert asnig the 
aspiration of mucous secretions from the upper respiratory tract, might favour the occur- 
rence of pneumonia. 

Though they are not concerned with the direct effect of cold, we may note the experi- 
ments of Locke (1937) who observed that the more rapidly rabbits recovered their bod}’ 
temperature after artificial chilling, the greater was their resistance to subsequent intra- 
venous and intradermal infection with pneumococci. Here the chilling was employed as an 
independent test of the physiological response of the animals to an adverse environment. 
Duerschner, Muschenheim and their colleagues (Hardy et al. 1943, Duerschner et aL 1943, 
Muschenheim et al. 1943) have recently reported upon the effect of severe cMlling in 
experimental tuberculosis and in pneumococcal infections. Rabbits and guinea-pigs were 
held under anaesthesia for 6 to 24 hours at 4°-8*" G., twice weekly for several weeks. The 
treatment had no effect on the development of tuberculosis in guinea-pigs, though there 
was a marked delay in the appearance of skin sensitivity to tuberculin. The response 
of chilled and normal rabbits to an intradermal lethal dose of virulent pneumococci was 
similar, except that the local lesions were smaller in the chilled animals. \^'hen less virulent 
pneumococci were injected, chilling resulted in inhibition of the local lesion, and a fatal 
bactersemia. The rapid invasion of the blood stream did not appear to be solely due to 
the absence of a local response, for in other experiments, chilling was found to reduce 
the minimal lethal dose even of intravenously injected pneumococci. 

Among other physical agencies mention may be made of the possible effect of 
ultra-violet irradiation of the body surface since this procedure has been advocated 
as a means of increasing resistance to infection. We have noted (p, 1175) that 
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Colebrook, Eidenow and Hill (192d) have demonstrated a temporary increase in 
the bactericidal power of the blood as the result of exposure to ultra-violet rays, 
and a similar effect after exposure to dark heat, or to the blistering of the skin 
with a mustard nlaster. The general experience of the beneficial effect of sun- 
light as enjoyed under optimal natural conditions, combined with such observations 
as the above, made it natural to inquire whether any isolated constituent of the 
solar radiation, and particularly the rays of short wave-length, would produce a 
significant increase in resistance to intection. Some favourable views have been 
recorded (Maughan and Smiley 1928, 1929, Hill and Laurie 1931) ; but the balance 
of evidence appears to be very definitely against the view that exposure to such 
rays has any significant effect. 

Barenberg and Lewis (1928) report entirely negative results in a small group of infants. 
Colebrook, D. (1929), ina very careful and detailed study carried out on school children of 
5-7 years of age, compared the frequency of infection (1) in a group of 101 children irradiated 
3 times a week with light from a carbon arc lamp with a high output of ultra-violet rays, (2) 
in a group of 94 children irradiated under the same conditions except that light of wave- 
length shorter than 3,200 A.U. was cut off by a glass screen, and (3) in a group of 92 
children who received no irradiation. Over the period of observation — August 1927 to 
March 1928 — the number of colds per 100 child-weeks’ exposure to risk was 20-2 in the group 
irradiated without screening, 18-7 in the group irradiated with the screened lamp, and 18*6 
in the control group. The average duration of each cold was 7*5, 7*5 and 7*1 days respec- 
tively. The incidence of measles among those exposed to risk and not previously attacked 
— a small group — showed no significant difference between the treated and untreated : 
the attack rates were 80*0 per cent, in those irradiated without screening, 70*6 per cent, 
in those irradiated but screened, and 68*2 per cent, in the unirradiated controls. In the 
case of whooping cough the attack rates were 8*8 per cent., 7*7 per cent, and 8*6 per 
cent. In no case did the irradiated group show any benefit. A later report by Doull, 
Hardy, Clark and Herman ( 1931) is entirely confirmatory. It deals with a careful study of 
the frequency of colds among irradiated and unirradiated groups of volunteer students, 
or members of the staff, at Johns Hopkins University. Every statistical precaution 
was taken in planning the trial and in assessing its results. These were unequivocal. 
Among 169 persons in the irradiated group, the attack rate during the period September 29, 
1929 to May 31, 1930 was 78*6 per 1,000 student- weeks ; among 184 persons in the unirradi- 
ated control group it was 71*9. Whatever test was employed — duration of colds, the 
presence of fever, the presence of cough or sputum — or whatever allowance was made for 
previous history or differences in physical conditions, the result was the same : the irradiated 
group showed no advantage. 

The experimental data available are, so far as they go, in accord with field 
observations. Chapman and Hardy (1931) were unable to obtain any evidence 
that irradiation increases the resistance of rabbits to the subcutaneous injection 
of Pasteurella lepiseptica. Hill, Greenwood and Topley (1930) found that irradia- 
tion conferred no benefit on mice submitted to contact infection with Pasteurella 
muriseptica. 

Antibody Formation. — It is convenient at this point to mention recent work on the 
modification of antibody response. We have already cited a few examples of dietary 
influences on this function. ScagHone (1938) concluded from a study of rabbits and 
young children that Vitamin A favoured the agglutinin response to T.A.B. vaccines. 
Schmeckebier (1943) reports an increase of diphtheria antitoxin in the blood of women 
given Vitamins A and I). General dietary deficiencies can also modify antibody response. 
Thus Hartley (1943) found that the substitution of mangolds for cabbage in a basal diet 
consisting of cabbage, bran and hay, reduced the response of stock guinea-pigs to diphtheria 
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toxoid (see also Schmidt and Fjord-Nielsen 1934). Cannon. Chase and Teissier a943, 
compared the a,gglutinin response to Salm, iijpU in normal rabbits and rabbits rendered 
hypoproteinsemic by partial starvation and by contiiiuoas removal of blood plosnia and 
found that the titres of the normal animals at ab<jut 8 da vs were 3 to 5 times vrertter. 

The antibody response in cold-blooded ammals like the fish is more .st hijh 

than at low temperatures (see Cushing 1942). Ivopeloff and liis oio-erved 

changes in sheep-cell hemolysin production in rats after section of the thorar-ie spinal 
cord at a high level, but were able to control the variations by maintarlning the anlmnh 
at a constant temperature. Eats kept with their body temjierature o'" C. Icduw norm.ii 
responded poorly to the antigen; raising the temperature to normal was f-d tiy a 

rise in hemolysin within 36 hours (KopeloiF and Stanton 1942, Stanton ci aL 1942b 
Hartley, Evans and Hartley (1943) mvestigated the effect of chiilmg, restricted diet, and 
infection with CL welchii, on the secondary response of guinea-piirs to diphtheria toxoid. 
The experiments were undertaken to estimate the probable effect of adver-^* -onditi-eii^ 
of the battlefield on the response of wounded soldiers to boosting ” doses of tetanus and 
other toxoids (see Chapter 77). Neither a restricted diet, nor daity exposure to tem- 
peratures of 2° 0. appeared to affect the magnitude of the response to the stiniiiLiting 
dose of toxoid. There was, however, some evidence that the clostridial infection bad 
depressed the response. 

EUingson and Clark (1942) report a series of experiments to test the response of various 
defence mechanisms to temperatures greater than normal. In rabbits the artificial 
induction of a severe fever (41*5^ C.) slightly reduced the antibody response during im- 
munization with various antigens. It also produced a slight acceleration of the rate of 
disappearance, and presumably, of destruction of antibodies in the blood stream. Phairo- 
cytosis of Staph, aureus by human and guinea-pig leucocytes was only shglitly depre&.-ed 
at 42° C. ; and in rabbits injected intradermally with, lethal doses of virulent piicuiiiococci, 
the maintenance of artificial fever until the infection itself reached the febrile stage made 
no significant alteration in death rate, survival time or degree of bacterseioia. 

Seasonal Variations in Resistance 

Seasonal variations in the frequency of particular infective diseases are a 
commonplace of epidemiology. How far such variations are dependent on fluc- 
tuations in the average resistance of the host species, how far on environmental 
factors that increase the opportunities for the spread of infection, and how far on 
factors the nature of which we cannot even guess, are problems to which we can 
as yet give no answer. 

Observations are on record from which the conclusion has been drawn that seasonal 
changes in the efficacy of the normal defence mechanisms do in fact occur (see Pritchett 
1925, 1926, Glenny and Waddington 1928, Blake and Okeli 1929, Mayer and Sulzberger 
1931, Sulzberger and Mayer 1931, Orr, MacLeod and Mackie 1931), Wilson (1930) has 
noted synchronous fluctuations in the mortalities following the injection of three different 
strains of Salm. typhi-murium into mice during a sixteen months’ period, each strain being 
tested on 15 occasions. It appeared impossible to relate these synchronous changes in 
mortality to any common factor acting on the three bacterial strains, and it seemed difficult 
to escape from the view that they must have been due to synchronous transient fluctuations 
in the resistance of the mice, but these fluctuations showed no definite seasonal distribution. 

Even if the occurrence of seasonal variations in resistance were clearly estab- 
iisLed, it would be an exceedingly difficult task to disentangle tlie various factors 
involved ; and without such disentanglement there could be little hope of inteffigent 
interference. The vitamin content of foodstuffs, and many other dietetic variables, 
^re subject to seasonal influences ; the condition of the nasal mucosa and the 
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efficiency of tbe gastro-duodenal bactericidal mecbanism are^ as we have seen, 
affected by cbanges in temperature and in humidity ; and there is little doubt 
that many other types of physiological response, of which as yet we know little or 
nothing from the immunological Yiewpoint, may be subject to influences of a 
similar kind. Until our knowledge of the relative significance of these factors, 
working in isolation, is much more accurate and detailed than it is at present we 
can hardly hope to construct a useful working chart of the total effect of the environ- 
mental changes associated with the changing seasons. 

The Effect o! Certain Chemical Substances in Favouring Bacterial Infection 

We may include in this chapter a brief survey of a series of observations that 
have, during recent years, focussed attention on certain chemical substances that 
play a significant part in the local pathogenesis of infective lesions. It is becoming 
increasingly clear that some of these factors exert an important influence on the 
frequency and severity of naturally occurring infections, particularly in indus- 
trialized communities. 

As a first example we may cite the observations of Bullock (Gye) and Cramer (1919) on 
the effect of calcium salts in certain anaerobic infections, and the more recent studies of 
Fildes (Fildes 1927, 1929a, fc, Knight and Fildes 1930, Campbell and Fildes 1931). Bullock 
and Cramer found that ionizable salts of calcium, inoculated together with the washed 
spores of CL welchii, of CL tetani or of certain other anaerobes, led to the development of 
the corresponding infections in their most typical and fatal forms, while the washed spores 
alone showed no tendency to develop in the tissues after inoculation. The chlorides of 
sodium, potassium, ammonium, strontium or manganese had no such effect. They were 
unable to determine the exact mechanism by which this effect, to which they gave the 
name Icataphylaxis, was brought about ; though they were able to show that it was not due 
to an absence of leucocytes from the lesions, nor to a lack of phagocytic activity on the part 
of the cells that collected at the site of inoculation. Fildes (1927), attacking the particular 
problem of experimental tetanus in the guinea-pig, studied the vegetation of spores in the 
normal testicle, after ligation of the blood vessels. He found that the injection of tetanus 
spores into the ligated testicle was followed by a rapidly fatal toxaemia, indicating rapid 
vegetation in the tissues. Comparison of sections from ligated and unhgated testicles, at 
various intervals after the injection of the spores, showed that active vegetation had 
occurred in the ligated testicle at a period when emigration of leucocytes was at its earliest 
stage in the unhgated testicle, and therefore before any significant degree of phagocytosis 
could in any case have occurred. He concluded that there must be some definite stimulus 
to vegetation in tissues cut off from their blood supply, either by figation of vessels or by 
the vascular injury following the injection of calcium salts, and suggested that this stimulus 
was probably the result of the diminished oxygen tension, although Bullock and Cramer had 
tentatively rejected this view. Later (Fildes 19296) he carried out a detailed study of the 
oxidation-reduction potential of the tissue fluids under different conditions using suitable 
indicator dyes. He found that oxidized methylene blue injected into the subcutaneous 
tissues of the living guinea-pig is not reduced, while reduced methylene blue is rapidly 
oxidized. In the dead animal the oxidized methylene blue undergoes a slight reduction, 
while the reduced methylene blue is not oxidized. Analogous results were obtained with 
thionin and mth indophenol I. The general conclusion may be drawn that, in the sub- 
cutaneous tissues of the living guinea-pig the oxidation-reduction potential (Eh) at the 
prevailing pH of about 7*0 is in the neighbourhood of + 0-12 volt, while, as shown in a 
previous communication (Fildes 1929a), tetanus spores wiU not germinate readily at a 
potential more oxidizing than -f 0*01 volt at this pH (see also Knight and Fildes 1930). 
In further experiments it was shown that the injection of solutions of calcium chloride 
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led to tlie production of localized areas of oxygen deficiency, witii an Eli oii tlie negative 
(reducing) side of tliat of methylene blue, thus pn^viding f^onditioiis suil able for the cermiiia- 
tion of tetanus spores. Campbell and Fildes « 1931) btudied the effect of other methods of 
varying the oxygen pressure of the tissues. Guinea -pigs were maintained in atmospheres 
containing different partial pressures of oxygen itiO per cent , 20 pcT cent, and 7 per cent.', 
and in air containing 0-15 per cent, of carbon monoxide. Control experiments showed the 
corresponding pressures of oxygen in the subcutaneous ti^sues (in mio. Hg; tci be apprcixi- 
mately 26, 20, 5 and 6. When animals subjected to the^o atmospheres vrere inje-'Ued 
intramuscularly with a mixture of tetanus spores and aleuronat the animals maintained ii. 
atmospheric air (20 per cent, oxygen) showed a mortality of 45 per cent., those maintained 
in an atmosphere of 60 per cent, oxygen a mortality of 6 per cent., those contained in 7 per 
cent, oxygen, or in air containing 0*15 per cent. CO, a mortality of 75 per cent. Tlieso 
results clearly support the view that the oxygen pressure of the tissues eoritr< 4.s the* gerndna- 
tion of the tetanus spores. 

Bullock (Gye) and Cramer (1919) noted that the local defence rupture produced by 
the injection of calcium salts favoured infection with streptococci, as vreil as with anacruhie 
bacilli. The nature of the effect has been studied in more detail by Kettle ( 1927;, Here 
again there is no evidence of any diminished emigration of leucocytes, or lessened phagocytic 
activity,a nd the main effect of the calcium, as revealed by histological examination of the 
lesions, is a striking increase in the rate of bacterial multi jilicatiun. A.s Kettle points out, 
the streptococcal-calcium lesions in the mouse bear a close re.semblance to the rapidly 
spreading streptococcal cellulitis that occurs in man. It “would appear that the char- 
acteristic exudative lesion that is caused by the calcium salt provides peculiarly favourable 
cultural conditions for streptococci, as it does for anaerobic bacilli ; though it dues not, of 
course, follow that the two effects are determined by identical clieinical or physical 
factors. 

Calcium is not the only substance which produces defence rupture. That silica 
has an injurious effect on the lungs and that there is an association between siiicosi.s 
and tuberculosis has been known for some 30 years, and Gardner (1920) has shown 
experimentally that a dust contaiuing a high percentage of silica has a significant 
effect on pulmonary tuberculosis in the guinea-pig. The factors concerned in this 
enhancement of tuberculous infections by silica have been studied in detail by 
Kettle (see Gye and Kettle 1922, Kettle 1924, 1926, 1927, 1930, 1932). 

The majority of these experiments have been carried out on mice. These animals are 
normally far more resistant to tuberculosis than is the guinea-pig ; and the selective action 
of silica can be readily demonstrated by subcutaneous injection of the material under test 
followed by an intravenous injection of living tubercle bacilli. Silica, or silica- containing 
material, is injected at one spot, some other substance to act as a control at another- 
If the control substance is an irritant, such as calcium chloride or turpentine, the bacilli 
that are injected intravenously appear in both the silica and control lesions, but it is in the 
silica lesion that they show the most active proliferation. The hypothesis of a specific 
action by the silica is clearly supported by the fact that the more extensive calcium lesion 
provides far less favourable conditions for the growth of the tubercle bacillus ; and by 
the results of careful comparative tests on a large number of industrial dusts (Kettle 
1932), which show that it is the presence of silica, or of a silicate, that determines the 
characteristic effect. Crystalline silica, unlike colloidal or amorphous silica, is very slowly 
dissolved in the tissues, and only when dissolved does it exert its injurious action. Silica 
crystals coated with oxide of iron are not dissolved in the tissues, and they remain inert 
and harmless. 

The pathogenesis of the lung lesions of silicosis, and the association of this condition 
with tuberculosis, have been studied in numerous experiments in which dusts have been 
brought in contact with the lung tissue of guinea-pigs or rabbits, either by repeated or 
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prolonged inlialation, or by tbe direct injection of a suspension of tbe dust into tlie trachea 
(Kettle 1930). 

An interesting experiment is recorded by Gardner (1930). Guinea-pigs were infected, 
by inhalation, with a strain of tubercle bacillus of unusually low virulence, which normally 
produces in these animals a retrogressive type of tuberculosis confined to the lungs and 
bronchial glands. The infection is practically never fatal. When animals so infected were 
exposed for 8 hours a day to quartz dust an entirely different picture was produced. After 
3 to 5 months the bacilli in the lungs began to proliferate actively. The infection spread to 
all parts of the lungs and to the abdominal viscera, producing large and progressive lesions. 
The bacilli had not become more virulent, since cultures isolated from the dusted animals 
produced the usual type of retrogressive tuberculosis when administered to normal undusted 
guinea-pigs. Vorwald and Delahant (1938) record not only that tuberculosis in the guinea- 
pig and rat develops with greater vigour in animals treated with silica, but that the 
immunizing effect of heat-khled tubercle bacHli is inhibited by the simultaneous injection 
of silica. 

Until recently it had been generally assumed that the silica, and the lesions it 
produced, sensitized the tissues to tuberculous infection. The silica, that is to 
say, had been regarded as the primary active agent. Kettle (1934) has shown 
that this view needs considerable modification. 

Different groups of guinea-pigs were injected intratracheally with a suspension of silica 
alone, a suspension of avirulent tubercle bacilli alone, and a mixture of silica and avirulent 
tubercle bacilli. The dust alone produced a catarrhal reaction, but relatively little fibrosis, 
and nothing resembling the characteristic nodular silicosis of man. The avirulent tubercle 
bacilh alone produced relatively little tissue reaction. The mixture of silica and tubercle 
bacilli produced a characteristic nodular tuberculo-silicosis, closely similar to the human 
disease. It would seem that the typical silicotic lesions are induced not by silica acting 
on a normal lung but by the joint action of silica and some bacterial infective agent ; and 
Kettle suggests that the natural human disease should be known as infective silicosis. 

Experimental studies of the kind outlined above open up wide fields for further 
exploration, and we may reasonably hope to obtain light on many problems by 
studying the ways in which infections may be modified as the result of the local 
or general action of various chemical agents. Two contributions along these lines 
may be noted. 

Findlay (1928) has attempted to test the tentative hypothesis that the localization 
of pathogenic bacteria, or of filtrable viruses, at the site of localized tissue injury might 
be the result of the liberation of histamine, or of histamine-like substances, from the 
injured tissues, leading to a localized dilatation of the capillaries and an increased per- 
meability of the capillary endothelium. Animals of a susceptible species were inoculated 
intravenously with an infective agent — the virus of fowl-pox, or of vaccinia, or of the 
Kous sarcoma, Stajoh. aureus. Sir. hcemolyticus, or the pneumococcus — and histamine acid 
phosphate in a 0-5 per cent, solution was then injected into a site suitable for the observation 
of any lesion, the same amount of phosphate-buffer solution being inoculated into a corre- 
spondmg site on the opposite side of the body to serve as a control. In each of the experi- 
ments the lesions appearing at the site of the histamine injections were significantly more 
frequent and more severe than those appearing at the site of injection of the phosphate- 
buffer solution. The latter were indeed infrequent in occurrence and minimal in degree. 

Rosher (1931) has studied the effect of the growth-promoting factors (X and V) on 
experimental infection with K. influenzm in mice. When a suspension of influenza bacilli 
in ordinary nutrient broth was used for intraperitoneal inoculation, 26 per cent, of 45 
strains killed one or more of five mice. When 0-05 ml. of Fildes’ solution (containing both 
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growtli factors) was added to tlie inoculum, 71 per cent, of these strains kilied one or more 
mice. 

Effect of Mucin on Bacterial Infection. — ^Nungester and his colh^acrue? ^932, 1036, 
noted an exaltation of pathogenicity of pneumocucci and streptococci when injec-tfd 
intraperitoneally with a suspension of gastric mucin. ]Miicin proved to lio pertiouhirlv 
effective with bacteria which, hke meningococci and gonococci, are not iiatiiivillv patlioifei]!!* 
to laboratory animals, and w'hich were lethal only m doses m which the total amount cd' 
bacterial toxins introduced in the infecting dose, not inultnsjication aiid spread of tic" 
bacteria, was primarily responsible for the death of the animals 1933, I^Oiler and 

Castles 1936, Cohen 1936). A similar exaltation of pathogenicity was observt^d in //. 
influenzcE (rothergill et al. 1937), Salm. typhi (Buttle ft nl 1037 j, H. pniusM< i Sihv-rthui iie 
1938), typhoid haciHi (Rake 1935) and Staph, a^re^s (Andersrai and (dag 11439; but nut 
in Myco. phlei, ‘‘ B. anthraooides'' Myco. smegmatis, Str. chMans or Barf, rnll Aral^rseii 
and Oag 1939). Substances like agar, starch and gelatin have a similar thou ah Ics.- markf d 
effect (Miller and Castles 1936; for negative results with a variety of substaiice^, 
Anderson and Oag 1939). The exaltation of pathogenicity produced by the mucin was not 
accompanied by any demonstrable change in the virulence of the bacteria, but was clearly 
due to some action on the defence mechanisms of the animal. The efficacy of the iniiciii has 
been variously reported as due to its viscosity and power to inhibit intraphagocytie digestion 
of the bacteria (Nungester et al. 1936) ; to its power to injure the defensive cells and inhibit 
phagocytosis (Miller and Castles 1936) ; to its interference with sensitization of the Iiacteria 
by antibody (Keefer and Spink 1938). Anderson and Oag (1939) and l^IeLeoil (1941) 
concluded that viscosity alone was not a determining factor, since other more viscous 
substances were inactive. Activity depended more on the chemical state of the niuclii, 
particularly in the “ protein ” fraction. According to McLeod, who worked with meningo- 
coccal infections, if mucin is to be effective it must be present in adequate amount, and 
be slowly absorbed from the peritoneal cavity ; it promotes infection tnaiiily by per- 
mitting the survival and growdh of the organism in the peritoneal cavity, but to some 
extent inhibits the bactericidal action of serum, as well as intraphagocytie digesti<»n, and, 
if present in granular form, mechanically interferes with the phagocytosis of the bacteria. 
It may be noted that the viscous, undegraded Group A blood substance isolated from 
gastric mucin by Morgan and King (1943) behaves like gastric mucin in this respect, and 
that both viscosity and the powder to enhance pathogenicity are lost with the chemical 
degradation of tliis substance. 

We may conclude this section with reference to benzene and alcohol, two substances 
that have been employed, experimentally to assess the relative importance of the local 
inflammatory response and of specific antibodies in the defence agaiust infection. In 
the rabbit, poisoning with benzene reduces or inhibits the local inflammatory response 
of the skin ; there is little hyperaemia, little exudation, and little or no mobilization of 
leucocytes. More generally, there is an inhibition of leucocyte formation in the bone 
marrow, and a blood leucopsenia. In poisoned animals wdth no specific immunity, infective 
organisms (e.g. pneumococci or streptococci) spread rapidly from the site of intradermai 
injection, and more readily pi^oduce fatal generalized infection. Benzene does not appar- 
ently interfere with antibody formation, and specific antibodies, whether actively or 
passively acquired, will to some extent check the spread of bacteria from the local lesion 
in the absence of leucocytes (Camp and Baumgartner 1915, Hektoen 1916, Rich and 
McKee 1934, 1939, Schnitzer and Goddard 1943, Schnitzer 1943). Alcohol poisoning also 
inhibits the normal mflammatory response to local infection. Pickreli (1938) concluded 
from a study of actively immunized rabbits that the alcohol directly inhibited the reactivity 
of the capillaries to irritants, thereby preventing a mobilization of leucocytes at the site 
of a subcutaneous infection with Type I pneumococci. The presence of antibodies in the 
local mflammatory site was not conspicuously protective in the absence of leucocytes. 
Lushbaugh (1943) confirmed PickreU’s results in the main, but could not produce a com- 
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plete suppression of the inflammatory response to intradermally injected pneumococci. 
Thus the phagocytic response was greatest in the immune, normal rabbit, less in the 
immune alcoholic, and least in the non-immune alcoholic rabbit. Antibody to some 
extent protected the alcoholic rabbits, presumably by checking the local infection long 
enough for the sluggish tissue defences to mobilize. 

Nungester and Klepser (1938) demonstrated an increased susceptibility to intranasally 
injected pneumococci in rats acutely intoxicated with alcohol. They found that the 
leucocytes of the intoxicated rats had lost their positive chemiotaxis to pneumococci. 
They concluded, however, that in addition to a generalized depression of the defence 
mechanisms, the increased susceptibility was probably due in part to the anaesthesia 
induced by the alcohol, which permitted a readier inhalation of infective material into 
the lung. 

The Influence of Hormones on Resistance to Infection. 

There is little doubt that resistance does vary with different states of hormonal 
balance in the aniinahbody, but the data are for the most part too confused to 
yield any clear picture of the hormonal effect. The hormonal variations that have 
received greatest attention in connection with resistance to infection are those 
of the sex hormones. It is not our purpose to review the literature of sex incidence 
and mortality in infective disease, nor to consider the variations in resistance that 
accompany puberty, menstruation, pregnancy and sexual senility ; but to give 
some examples from recent experimental work illustrating the kind of hormonal 
effects that have been observed. 

Schiitze, Gorer and Finlayson (1936) record a definite, hut inconstantly observed- 
superiority of female mice over male mice in their resistance to infection with Salm. enteric 
tidis and Salm. tyjphi-munum ; but a male superiority in resistance to infection with 
Past, muriseptica. Watson, Wilson and Topley (1938) also noted that female mice were 
more resistant than males to the epidemic spread of infection with Salm. typM-murium. 
There are a few experimental studies of the effect of the female sex hormones on resistance. 
Rosahn, Hu and Pearce (1936) found that male rabbits were less resistant to vaccinia 
infection than female, and non-pregnant females less resistant than pregnant females. 
Jungeblut and his colleagues report that poliomyelitis viras was inactivated in vitro by 
a preparation from the urine of pregnant mares and by the serum of the same animals. 
They were unable to obtain any clear evidence of protection by various hormones in 
experimental pohomyehtis of the monkey (Jungeblut, Meyer and Engle 1934, Jungeblut 
and Engle 1934). Aycock (1936) records that cestrin protected 6 of 6 castrated female 
monkeys against an otherwise fatal dose of poliomyelitis virus, an effect he attributed in 
part to the thickening and proliferation of the site of injection — the nasal mucosa — under 
the influence of the hormone. A similar effect may he responsible for the curative action 
of cestrin in gonorrhoeal vaginitis in children. The cells of the immature vaginal mucosa 
are poor in glycogen ; with the onset of puberty, or with the administration of cestrin, 
they become rich in glycogen, and superficial keratinization occurs. In the oestrin-treated 
child with vaginitis, the pH of the vaginal contents shifts from about 7-0 to 4*5~6*0, the 
pus cells and gonococci disappear, and only epithelial cells and Doderlein’s bacilH are found 
(Lewis 1933, Nabarro and Signy 1935, Lewis and Adler 1936 ; and for later references, 
see Burpee et al 1939). Apart from the sexual effects of the cestrin, the treatment is on 
the whole successful. The elimination of the gonococci is attributed in part to the greater 
resistance of the “ mature ” keratinized epithelium, and, more generally, to the acidity 
of the vaginal contents, which is probably the result of lactic acid production by Boder- 
lein’s bacillus from the cellular glycogen (see Chapter 90). 

In spite of the body of evidence pointing to a modification of the course of syphilis 
by pregnancy, Kemp (1937) was unable to modify experimental syphilis in rabbits by 
the administration of oestrogenic hormones. Moderate degrees of protection against 



S ULPH0XA3IIBBS 


1211 


pneumococcal infection were reported by von Haam and Eosenfeld (1942; in white mice 
of both, sexes given injections of cestrone or of testosterone projiionate several da vs 
previously. 

The work of Sprunt and his colleagues provides an interes^tino: example, not only of 
a hormone effect on resistance, but a relatively simple fexplanatioii of how the etn^ct is 
produced. He observed that the cestrogemc hormone, u lien mjecb'd for a pern #d of 3 
into castrated rabbits, decreased the spread of intradermaliy injeetes! indk itik, and 
increased the resistance of the animals to intradermal vaccinia virus. Psemioprec'nint 
females showed the same phenomenon (Sprunt, McDearmaii and Ha per 193'^, SprnnT 
and McDearman 1940a, 6). The effect appeared to be the reverse of that produced by 
the Duran-Heynals spreading factor (see Chapter 44) which, when iiijt oteri vlrli 
doses of vaccinia virus, increases the degree of skin infection in proportion to incrcwsr 
in the lateral spread of infective fluids from the injection site. J^pmnt T94I i later showed 
that the interstitial fluid in rabbits was increased by the administration of the hen none, 
and that the excess fluid in the tissues was responsible both for the failure of vaccinia 
virus to infect, and of india ink to spread in the sldn. More recently Taylor vindi Sprunt 
(1943) have reproduced these two effects in rabbits treated by a course of iiitrap»eritorieal 
injections of h 3 rpotonic salt solution. 

It is clear that we may in the future expect detailed and fruitful analysis of 
the relations of hormones and revsistaiice. At present these few examples will 
serve to show the reality of the relation, and some of the wmys in which the horuional 
effect may possibly be brought about. 

The Enhancement o! Resistance to Infection by Snlphonamides, 

The full discussion in Chapter 6 of the mode of action of siilplionainides on 
bacteria makes it clear that, of all the hypotheses of the curative action of the^e 
drugs, the hypothesis of a direct, iyi vivo antibacterial action has the fir>t claim 
on our attention. It is in fact widely held that the sulphonamides enable the body 
defences to eliminate infection by exerting a lethal or bacteriostatic action on the 
invading organism, or by making it in some way more susceptible to the natural 
antibacterial defences of the tissues ; direct action on the tissues is confined to 
the toxic effects of overdosage of the drug, and in some cases an interaction of 
drugs and tissues'-to yield a different antibacterial substance, as in the breakdown 
of sulphonamido-crysoidin (Prontosil) to yield active sulphanilamide. The hypo- 
thesis is generally acceptable on the grounds that (a) the in vitro and in vivo activity 
of the various sulphonamides are broadly the same, and (6) that the activity of a 
given sulphonamide varies with the species and often with the strain of the infecting 
organism. If sulphonamides directly stimulated the body defences, we should 
expect a greater similarity of action in various infections than is actually the case. 
The recorded discrepancies between in vivo and in vitro activity of any one drug 
and a given bacterium (see, for example, Buttle et al. 1937, Gley and Girard 1937) 
do not necessarily invalidate the hypothesis, for it is seldom possible to make a 
precise comparison of the concentrations of drugs and drug-antagonizers, and of 
bacteria, in the test-tube and the tissues, or to assess the contribution made by 
the tissues to the antibacterial effect. 

Various in vivo sulphonamide effects on the invading bacteria have been postulated. 
Capsular degeneration of pneumococci and streptococci was observed by Levaditi and his 
colleagues (1935a, 1939), by Telling and Oliver (1938) and by Whitby (1938), though Long 
and Bliss (1937a), Gay and Clark (1937) and Lyons and Mangiaracine (1938) did not observe 
it in streptococci, nor Bleming (19386) in pneumococci. Capsular degeneration, it should 
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experimental GL welchii and CL sejpticum infection, and no synergy in combined drug 
and antitoxin treatment. 

To summarize, tbe main action of the sulphonamides appears to be directly 
antibacterial, thereby diminishing the degree of damage produced in the tissues 
by the infecting bacteria and permitting the more effective action of the natural 
mechanisms of defence against infection ; there is no good evidence of a direct 
stimulation of the tissue response. Antibody response is modified in so far as 
the amount or nature of the antigenic stimulus of the invading organisms is altered 
by the drug ; and in certain circumstances, where the tissue responses play a large 
part in the elimination of infection, the presence of specific antibody appears to 
enhance the therapeutic effect of the sulphonamides. 

The Enhancement o! Resistance to Infection by other Substances. 

As far as the facts are available, the arguments we have briefly sketched in favour 
of a purely antibacterial action of the sulphonamides in vivo, hold also for the 
in vivo action of the sulphones and other synthetic chemotherapeutic substances, 
and for penicillin (see p. 184) and other natural antibacterial agents. We cannot 
exclude the possibility that some of the active substances may prove to be direct 
stimulants of the tissue defences. It is to be noted, however, that a direct stimu- 
lation of this kind is unlikely to be found commonly among substances which, 
in the current methods of chemotherapeutic research, are selected primarily for 
their in vitro antibacterial properties. 

We may note here three recorded examples of protective action by substances not 
usually regarded as chemotherapeutic. 

Wohlfeil (1937) reports that the injection of large prophylactic doses of ferrous salts 
will protect guinea-pigs against a lethal dose of virulent C. diphtherice. Treatment after 
infection prolonged the life of the animals, but did not prevent their ultimate death. The 
effect was apparently associated with the heavy metallic ion, since sodium and magnesium 
salts were inactive. The ferrous salts also improved the immune response of guinea-pigs 
to toxoid and to living bacteria (Wohlfeil and Becker 1938). It seems probable that this 
effect is analogous to the adjuvant action of other substances in antibody formation, 
discussed on p. 1115. 

The addition of stable emulsions of oil in water to bacterial exotoxins (Walsh and 
Trazer 1934, Myers 1934, Oerskov and Schmidt 1935) and to cobra venom (Frazer and 
Stewart 1938) renders them non- toxic on injection into susceptible animals. The detoxi- 
cation is apparently due to absorption of the toxin at the oil- water interface (Frazer 1936). 
Frazer and Stew^art (1940) noted that mixtures of emulsion and cobra venom were harm- 
less when injected intravenously, but lethal intraperitoneally. It appeared that the 
emulsion was unstable in the peritoneal cavity, and the venom-interface complex was 
disrupted with hberation of the toxin, while in the blood stream the serum proteins main- 
tained the stability of the emulsion. It is not yet clear how far the emulsions will protect 
against or modify established intoxication in the animal. 

Finally, simple chemicals may be used to protect susceptible tissues against the entry 
of an infecting agent. Armstrong (1935, 1936, 1937, Armstrong and Harrison 1936) 
reported that the nasal instillation of alum or picric acid protected mice against intranasal 
infection with the St. Louis encephalitis virus, and monkeys against intranasal infection 
with poliomyelitis virus. Schultz and Gebhardt (1937) found that zinc sulphate was 
similarly effective against poHomyehtis. The rationale of these procedures is the direct 
modification of the olfactory area so that it is insusceptible to penetration, or infection, 
by the virus. The insusceptibility, however, appears to be achieved at the expense of 
considerable damage to the nasal mucosa (Schultz and Gebhardt 1942, see also Chapter 87). 
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Tlae Role of the Bacteriophage in Infection and Resistance 

This is, perhaps, as convenient a place as any to samiiiarlze the available 
evidence with regard to the role played hy the ])actenophage, or rather by bacrerio- 
phages, in infection and resistance. In Chapter 1 1 we discussed thr- nature of theve 
lytic agents, and concluded that the balance of evidence wa< defiutely in favour 
of the view that they are filtrahle viruses, parasitic uii, or symbiotic with, wirieius 
species or strains of bacteria. The relationship between the various tvpfj> of Tdiaue 
and the bacteria that are sensitive to their action is often highly specific ; and this 
specificity seems to be determined, in many cases at least, by the new lire of the 
antigenic components that are situated at the bacterial surface. 

The existence of living viruses, specifically attacking various ititlioacnic Itactcria, 
offered an obvious possibility that they might be employed in the pre\ enricen or 
cure of infective disease. That they can, in fact, be so employed, and are higlily 
effective, has been claimed by d'Hereile (1926) ; and several observers have reji-jrted 
favourable results in field trials of cholera phage as a prophylactic in India 
Morrison 1932). There are also various observations in the literature with reacird 
to the use of phages as therapeutic reagents in huiiian infections (see Krueger and 
Scribner 1941) ; but these are discrepant, and not of the kind that provide us with 
the evidence we need, though on the occasions wdien large-scale ob^er wit ions are 
made with as great a care as the circumstances permit, the results are not encourag 
ing (see Boyd and Portnoy 1944). Moreover, aside from a theoretical letliiil action 
of the phage on the infecting bacteria, it is possible that the phage filtrates are 
beneficial because they act as spjeeific vaccines, since they contain the antigeiis 
of lysed bacteria ; as stimulants of a non-specific iinirmidty : or as opsunins (-ee* 
Krueger and Scribner 1941), In this last connection we may note that MacXeai, 
McRae and Colmers (1938) demonstrated a marked opsonic effect wKeii optimal 
quantities of specific phage were mixed with Staph, aureus and added to human 
blood. Until some years ago there was on the experimental side little evidence 
that phage had an in vivo antibacterial action, excepting a few observations sug- 
gesting that phages injected into an animal simultaneously with such organisms 
as Salm. typJii or Bact. coli, had a slight protective action (Wollman 1925, Arnold 
and Weiss 1926, Walker 1929). 

Thus there was a general failure to demonstrate any protective or curative action 
of phage filtrates against Balm, typhi-murium or Salm. enteritidis wKen tested in mice 
(Topley and Wilson 1925, Topley et al. 1925, Levy 1925, Wollman 1925, Richet and Haudu- 
roy 1925, Bronfenbrenner and Korb 1925-26, Ebert and Peretz 1929, Greenw^ood et al. 
1936). Similarly, phage filtrates had Httie or no protective or curative action in sal- 
monella infections in fowls (Pyle 1926), in experimental plague in rats (Compton 1928, 
1930, Doorenbos 1929), in hsemolytic streptococcal infections in rabbits (Clark and Clark 
1927) or in guinea-pigs (Colvin 1932), or in experimental anthrax in the mouse (Cowles and 
Hale 1931). Kor was there any experimental evidence that the presence in the intestines 
of mice of a phage acting on Salm. typhi-murium prevents the spread of natural contact 
infection with that organism (Topley and Wilson 1926, Topley et al 1925, Greenwood et al. 
1936). 

In 1937, Asheshov, Wilson and Topley provided clear-cut evidence of a pro- 
tective and to some extent a curative action of phage. A mixture of 1*5 X 10^ 
particles of a Vi phage, and 10® living virulent typhoid bacilli of the Yi type was 
held for 10 minutes in vitro, and proved innocuous on intraperitoneal injection into 
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mice. Tlie })rotective effect was specific, and depended on the presence of active 
Vi phage. Intravenous phage was also fully protective against intraperitoneal 
bacilli, when given at the same time ; it was protective when given two, but not 
four, hours after infection. 

These results have been confirmed by Fisk (1938), Yen and Chang (1941), Pio de Roda 
and Saqiieton (1941) and Ward (1943). Asheshov and his colleagues pointed out that the 
typhoid infection in their mice was a highly artificial disease, the lethal dose of bacilli 
being large and producing an acute toxseinic death. Ward overcame this objection to 
some extent by usmg mucin to enhance the virulence of the typhoid bacilli, so that 10-100 
organisms were lethal. Intravenous phage, 2 hours after infection, proved highly pro- 
tective against this type of infection. The protection did not appear to he due to stimu- 
lation of phagocytosis, nor to any immunizing power of the phage filtrate. There was 
some evidence that actual in %ivo lysis of the infecting bacteria occurred, and a marked 
increase of circulating phage occurred some hours after its injection. The healthy sur- 
vivors among the treated mice carried the typhoid bacilli for some weeks, but many of 
the organisms on isolation proved to be degraded variants without Vi antigen. That 
the protective action of phage is accompanied by its apparent multiplication in vivo is 
clear from the experiments of Rakieten and Raldeten (1943) and of Dubos and his colleagues 
(1943). The former protected 10-day-old chick embryos from a fatal infection with Sh, 
flexneri by a single dose of specific phage, and found an association between survival of 
the embryos and a demonstrable increase in their phage content. The latter injected 
Shiga dysentery phage into the peritoneal cavity of normal mice, and found that the 
phage content of the tissue rose to a maximum in 2 hours and then declined rapidly ; 
the phage content of the brain was much lower than that of the blood. When the phage 
was injected into mice inoculated intracerebrally with Sh, shigce, the phage content of 
the brain increased rapidly till it exceeded that of the blood, and reached a maximum 
in 12 hours. At the same time the mice were protected against an otherwise fatal menin- 
gitis. Oral phage afforded no protection. 

These results have been achieved by the administration of very large numbers 
of phage particles, and in special experimental circumstances. Their applicability 
to the therapy of natural infective disease is still to be determined, and the problem 
of the great discrepancy between the high in vitro and the low in vivo activity of 
a given phage is still unsolved. 

One possible reason for the failure of therapy is the development in the tissues 
of phage-iesistant variants of the infecting bacterium (see Chapter 11). In the 
experiments cited above, both Ward (1943) and Rakieten and Rakieten (1943) 
noted the presence in phage-treated tissues of variants that were presumably 
induced by the action of phage, but they appeared to have little virulence. On 
the other hand, strains of Salm. typhi-murium, isolated from mice that have died of 
infection in spite of the presence of phage in the tissues, have proved just as sensi- 
tive to that phage as the bacteria originally inoculated (Topley and Wilson 1925 
Topley et al. 1925, Greenwood et al. 1936). 

Blood, serum, bile, white cells, tissue debris can all inhibit lytic action of phage 
in vitro (see Evans 1933, Applebaum and Patterson 1936, Zaytzeff-Jern and Meleney 
1936). Little, however, is known of the mechanism of phage inhibition. It 
may be (see Zdansky 1924) that the cells or colloids of the body fluid exert in 
vivo an inhibiting effect on phage lysis similar to the inhibition exerted in vitro 
by high concentrations of gelatin or agar (Bail 1922, Doerr and Berger 1922, Otto 
and Munter 1923, Bronfenbrenner and Korb 1925). This suggestion is supported 
by the observation that hitherto the most hopeful results of bacteriophage therapy 
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have been obtained in cholera — a disease in which the infecting vibrios are multi- 
plying freely in the watery contents of the intestine. 

In any case, until we know more than we do of the factors that prevent any 
but high concentrations of phage from exerting any protective effect in the tissues, 
we cannot justifiably conclude that it is impossible so to adjust the conditions 
that a large part of the in vitro activity might be made available for tlierapv In 
the infected animal. 


SUMMARY 

(1) With regard to the effect on resistance of variations in diet, the one 
that stands out clearly is that a gross deficiency in the intake of Vitamin A. esperi- 
ally during the period of rapid bodily growth, is associated with a marked increase 
in susceptibility to infection. There are suggestions that C-avitaminosls, in amnmh 
peculiarly liable to this condition, may be associated with a similar break in resist- 
ance ; and that resistance can be to some extent restored by the administration 
the vitamin ; but the evidence is highly confusing. There is little eonsisteiit evi- 
dence that the in vitro antibacterial and antitoxic action of the vitamin is reilerted 
in a prophylactic action of excess vitamin against infection or iiitoxicatio!i. In 
certain cases resistance is altered by deficiency of one or other of the B vitamiiL', 
sometimes in the direction of increased susceptibility, and, in certain virile disea se>, 
in the direction of increased resistance. There is no good evidence that a deficitmcy 
of Vitamin D has any significant effect on resistance. There is little if any evidenre 
that an excess of Vitamin A, above the limit required to prevent the occiiiTeiu-e 
of detectable avitaminosis, has any prophylactic or therapeutic effect in 
disease, with the possible exception that some prophylactic effetd. may be exert t*d 
by the administration of Vitamin A during the late stages of pregnancy. 

(2) Our knowledge of the influence of other dietetic factors on resistance to 
infection is as yet too scanty to justify any general conclusions. Recent obser- 
vations show that certain food substances, like dried milk, when added to an 
otherwise adequate diet increase the resistance of mice to certain bacterial toxins, 
and certain bacterial infections ; and it seems clear that this is not a direct 
vitamin effect. Studies of this kind are, however, in their infancy. 

(3) In general, it is only the dietary deficiencies, whether of vitamins or food- 
stuffs, of a degree leading to manifest deterioration of the general bodily health, 
which are unequivocally associated with depression of resistance to infection, and 
inhibition of the cellular and antibody responses to the invading organisms. 

(4) The experimental evidence with regard to the influence of fatigue on resist- 
ance suggests that it is more important as a factor leading to the activation of a 
latent infection than as predisposing to infection ah initio. 

(5) The data with regard to the effect of variations in the physical environ- 
ment are scanty. It is certain that fluctuations in temperature and humidity 
affect the local conditions in the upper part of the respiratory tract, and it seems 
possible that the changes produced may in some cases lower the local resistance. 
There is evidence that similar environmental changes may derange the gastro- 
duodenal bactericidal mechanism. Prolonged exposure to cold appears to depress 
the defensive tissue responses to infection. There is no satisfactory evidence that 
irradiation with ultra-violet rays produces any significant increase in resistance 
to natural or experimental infection. 

s s 
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(6) Tiiere are suggestions that a seasonal variation may occur in the general 
resistance to infection. If this be the case, such fluctuations are probably dependent 
on variations considered in the previous sections ; but which factors are concerned 
or what their relative importance may be we cannot tell. 

(7) Evidence is accumulating with regard to the importance of certain chemical 
substances as agents favouring local infective processes. Thus ionizable calcium 
salts favour the germination of tetanus spores in the tissues, and this fact is of 
importance in aiding the natural pathogenesis of tetanus in wounds grossly con- 
taminated with soil. Silica favours the local proliferation of the tubercle bacillus 
in the tissues, and is an important predisposing cause to this infection in certain 
industrial populations. The mechanisms upon which these kataphylactic effects 
depend have been subjected to detailed study with results of considerable interest 
and importance. Chemotherapeutic agents like the sulphonamides, and natural 
antibacterial substances like penicillin, do not directly stimulate the defence 
mechanisms of the infected animal. Their action is predominantly if not exclusively 
antibacterial. Nevertheless, their total therapeutic effect depends to a substantial 
though varying degree upon the natural cellular and humoral antibacterial responses 
of the tissues. 

(8) Under controlled experimental conditions, bacteriophages have been shown 
to be both protective and curative in vivo. There is as yet little evidence of 
successful phage therapy of natural infections, except perhaps in cholera. 
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CHAPTER 55 


' IMMUNITY IN VIRUS DISEASES 

The virus diseases of mau and animals are described in Chapters 85 to 89, and 
that description includes the immunity reactions that occur in each particular 
infection. It is, however, even at the cost of some repetition, ijiesirable to sum- 
marize and discuss the available data with regard to immunity to virus diseases 
as a whole, as contrasted with immunity to bacterial infections. There was a 
tendency among earlier workers to differentiate somewhat sharply between 
immunity to these two classes of parasite ; and this differentiation involved, mainly 
by assumption, the mechanisms brought into play as well as the quality and dura- 
tion of the immunity induced. The problem that mainly concerns us here is 
the extent to which this differentiation is justified. Almost all experiments on 
the transmission of virus infections, and on immunity reactions in vivo or in 
vitro, have of necessity been carried out with tissue extracts or with other crude 
material containing host products as well as virus. Under these conditions the 
qualitative or quantitative analysis of such reactions is rendered very difficult, 
and for this reason the study of antiviral immunity has tended to lag behind that 
of antibacterial immunity at just those points in which the latter has become most 
precise. We have, however, learned enough of the mechanisms concerned to 
construct a useful working outline which can be filled in rapidly when our technical 
difficulties have been overcome, and which has already passed the sound empirical 
test of enabling us to interfere with considerable success in the natural propagation 
of infection. 

Antiviral Immunity as Observed under Natural Conditions. Latent Infections. 

The first fact that forces itself on our attention when we examine the natural 
history of virus diseases is the frequency with which an effective and lasting im- 
munity is afforded by a single attack (see Andrewes 1931). Smallpox, chicken- 
pox, measles, mumps, cattle plague, swine fever, and dog distemper — all these are 
common virus diseases, and all confer an immunity that, in the great majority of 
cases, appears to last throughout life. There are exceptions. Herpes simplex is 
one ; influenza and the common cold are others. Not long ago foot-and-mouth 
disease would have been placed in this non-mmuniziag or poorly immunizing 
class ; but we have had to reconsider our views in that regard, and perhaps the 
relations that have misled us in this instance have misled us in others also. It 
is weU to remember, as Bedson (1937) points out in his valuable review, that the 
mechanism of immunity probably varies with different types of viruses, as it does 
with different types of bacteria, and that generalizations about the similarity 
or difference of immunity in bacterial and virus diseases are apt to be misleading. 

Though, at one time, the idea was prevalent that infection with a pathogenic 
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.':ra5 invariably resulted in a frank case of the disease, diagnosable by ordinary 
clinical mexiiods, it lias become increasingly clear of late years that atypical, 
abortive, and latent infections are very common and play an important part in 
the genesis of naturally acquired immunity. Even in so highly contagious a disease 
as measles, there is evidence to show that not every susceptible child who is exposed 
to infection contracts the disease. 

Stocks (1928, 1930a, &), in a series of careful analyses of the relevant data, has shown 
that the morbidity figures for measles, for chicken-pox and for German measles are in- 
explicable except on the assumption of immunization in the absence of diagnosed disease, 
or of an effective inherited immunity. That the former factor is operative can be demon- 
strated by comparing, during any epidemic prevalence, the attack rate among children 
who have previously been intimately exposed to risk without contracting the disease with 
that among children who have previously been less intimately exposed. The natural history 
of these widely prevalent virus diseases, as developed by Stocks, presents striking analogies 
to the natural history of diphtheria or of scarlet fever. 

In other virus diseases the occurrence of atypical cases and of healthy carriers 
has obtained general recognition. Wickman (1907), for example, pointed out that 
it was impossible to account for the epidemiological behaviour of poliomyelitis 
without assuming the existence of latent and atypical infections ; and Stocks 
(1932), examining the available data of several outbreaks, calculates that the ratio 
of those deyeloping latent immunizing infections to those developing clinical 
attacks of the disease is probably of the order of 100 to 1 or more. 

In support of the epidemiological evidence is the finding that protective 
antibodies acting on the poliomyelitis virus are widely distributed among the 
population at large. 

Aycock and Klramer ( 1930a, 6, c), using the highly susceptible monkey as a test animal > 
determined the protective power of samples of serum obtained from convalescent cases 
and from normal persons. Some 90 per cent, of the former and just over 50 per cent, 
of the latter showed protective antibodies in the serum. Similar tests were later carried 
out on normal persons, giving no history of poliomyelitis, living in another area of the 
United States. Of 21 adults, 18 showed neutralizing antibodies in their blood. Brodie 
(1932) has recorded similar findings in Montreal. 

If we accept the view that the presence of such antibodies indicates previous contact 
with the virus of poliomyelitis we can hardly escape the corollary that mild atypical attacks, 
or a purely immunizing carrier infection, must be an exceedingly common event in this 
particular disease. Some observers, however, believe that protective substances occur 
in the serum of normal persons apart altogether from any specific stimulus (see Jungehlut 
and Engle 1932a, b, 1933, 1934, Jungehlut 1933, 1934). The problem is analogous to that 
of the origin of the natural antibacterial antibodies (see Chapter 49). 

In addition, there are now several reports of the isolation of poliomyelitis virus from 
the nasal secretions or faeces of healthy carriers (Flexner et al. 1913, Kling and Pettersson 
1914, Lepine et al. 1939, Kramer et al. 1939, Langmuir 1942). 

Yellow fever is another disease in which latent infections appear to be very 
common. Semm protection tests in South America and West Africa have shown 
that in endemic areas, where clinical cases are infrequent and sporadic,' a high 
proportion of the children show neutralizing bodies in their blood, indicating that 
the overt cases of disease give a quite erroneous picture of the real frequency of 
infection (Beeuwkes et al 1930, Eussell 1932, Hughes and Sawyer 1932, Soper et al 
1932, Mahaffy et al 1933, Beeuwkes and Mahaffy 1934). 

The degree of latency may be even more strikmg. 
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In lympliatic choriomeningitis of mice, for example, infection of every mouse in a 
particular stock occurs, either iii utcro or soon after birth, giving rise to few or no symp- 
toms, and remaining latent for the rest of the animal’s life. Antibodies are not usually 
developed, and the persistence of the virus can readily be demonstrated by inoculation 
of tissue extracts into mice of a non-infected stock (Traub 1936a, 6, 1938, 1939). In this 
instance an almost perfect equilibrium appears to be established between the virus and 
its host. 

In Virus III infection of rabbits, and in some of the mouse pneumonia virus infections, 
a similar state exists, but the presence of the virus can be brought to light by repeated 
passage through normal or infected animals, the virus ending by giving rise to character- 
istic disease in the host (see Andrewes 1939). 

So far, we have been considering latent infections in healthy persons or aiiiinals. 
Attention must now be drawn to the persistence of virus in convalescent patients 
who have suffered from a typical or atypical form of the disease in question. Here 
again the degree of latency varies to some extent. 

Herpes febriHs virus, for instance, often affects young children, giving rise to stomatitis. 
Such patients are liable to recurrent attacks throughout life of herpes labialis, particularly 
in association with colds, pneumonia, and certain fevers. The virus appears to He latent 
in the tissues betTveen attacks, and to flare up on receipt of the appropriate stimulus. 
Antibodies are demonstrable in the blood, but they have apparently little or no effect 
in preventing a relapse (Dodd et al. 1938, Burnet and Lush 1939a). In poliomyelitis 
and yellow fever, on the other hand, the persistence of the virus is associated, as a rule, 
with a solid immunity. The poliomyelitis vims has been isolated from convalescents 
several months after the disease ; and in j^ellow fever the probable persistence of the 
virus may be conjectured from the finding of antibodies in patients many years after 
an attack of the disease, even when no contact with the active agent has occurred in the 
meantime (see Bivers 1943). Psittacosis in experimentally infected mice, and infectious 
anaemia of horses, are tw^o other examples in which the virus seems to remain indefinitely 
in the tissues after it has given rise to an attack of the disease. In neither of these infections 
are neutralizing antibodies evident to any extent, and it is easy therefore to demonstrate 
the presence of the virus by inoculation of a tissue suspension or a drop of blood into 
a susceptible animal. 

There is strong reason to believe that in these and many other virus diseases 
the continuance of a solid immunity is dependent upon persistence of the virus 
in susceptible cells of the body. The transient nature of the immunity that develops 
towards virus diseases of the respiratory tract, such as the common cold and 
influenza, may perhaps be due to the desquamation of the surface cells of the 
mucosa, which cannot therefore afford a permanent home for the infecting viruses 
(Rivers 1943), 

The Mechanism of Virus Infections. 

It would appear that the general process or tissue invasion in virus diseases 
does not differ in any essential way from that described in the case of bacterial 
infections. There would seem, in many cases at least, to be the same sequence of 
local proliferation, blood-stream invasion and secondary foci of infection, each 
phase varying in prominence according to the virulence of the virus and the su&- . 
ceptibility or resistance of the host. 

Thus, Todd and White (1914) note that, when cattle are injected subcutaneously with 
a small dose of the virus of rinderpest, the blood usually remains non-infective for 72 hours, 
becoming infective coincidently with the onset of illness ; and Andrews and others (Heport 
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1931) note tliat tiie virus of foot-and-mouth disease does not appear in the blood of experi- 
mentally infected cattle until shortly before the commencement of the febrile reaction, 
though it may be present in high concentration some hours before the temperature begins 
to rise, or before vesicles appear. The virus then tends to persist in the blood throughout 
the febrile period, though the degree and persistence of blood-stream infection varies 
widely in different animals (see also Waldmann, Trautwein and Pyl 1931). In the case 
of yellow fever, Hudson and Philip (1929) record that monkeys bitten by infected mos- 
quitoes show the presence of virus in their blood 1 to 2 days after infection, and at about 
the same interval before the onset of fever. 

Vaccinia, as regards its obvious lesions, is commonly limited to the site of inoculation 
into the skin ; though the virus may be recovered from the blood after intradermal inocula- 
tion in the rabbit (Ohtawara 1922, Rivers and Tillett 1923, Gildemeister and Heuer 1927), 
and Gins and his colleagues (1929) have reported its presence in the nasal secretion of 
children after ordinary cutaneous vaccination. With highly potent strains of virus a 
generalized vaccinia may occur after dermal inoculation in the rabbit, with a widespread 
eruption, pocks on the lips and tongue, and lesions in the lungs, liver and other organs 
(Douglas, Smith and Price 1929). When such a virus is injected intravenously this severe, 
and sometimes fatal, generalization occurs with considerable frequency, and there is a 
rough proportionality between the dose of the virus administered and the degree of resultant 
generalization. When less potent viruses are injected intravenously there is frequently 
some degree of generalization, evidenced by an eruption of pocks on previously shaved areas 
of skin or on the mucosa (Calmette and Guerin 1901, Camus 1917-18, Levaditi and Mcolau 
1923). 

On the other hand, in the more strictly nervous diseases, such as rabies, there 
is no evidence to suggest that local proliferation or blood-stream invasion occurs ; 
the virus appears to gain access to the central nervous system by way of the axis 
cylinders, and to diffuse through the brain and cord entirely by nervous paths. 
There is no exact analogy to this behaviour in the diseases caused by bacteria, 
though the route of diffusion appears to be closely paralleled by tetanus toxin. 

Many viruses have naturally a strong selective affinity for certain tissues, 
such as the vaccinia virus for the cells of the epidermis and the poliomyelitis virus 
for the anterior horn cells of the cord. It is customary to speak of such viruses 
as dermotropic and neurotropic respectively. Others, such as the yellow fever 
virus, which affects particularly the liver, are sometimes spoken of as viscerotropic ; 
and others, such as the psittacosis virus, which affect tissues widely distributed 
throughout the body, as pantropic. All these terms are relative and are easily 
abused. In general, they are of more value when referring to the properties of 
different strains of the same virus than in comparing different viruses. By passage 
experiments and other means variants of a given strain may be developed that 
show considerable differences in their tissue localization and in their pathogenicity. 
Examples are the street virus and the fixed virus of rabies, and the viscerotropic 
and the neurotropio variants of the yellow fever virus. 

The Mstopathology of the virus diseases, though differing in some respects 
from that of most bacterial infections, does not differ so sharply and fundamentally 
as to require a separate generic description. There is only one characteristic peculiar 
to the viruses, namely their ability to form inclusion bodies in the cells they invade. 
Even this is essentially similar to the intracellular multiplication of such an organism 
as the leprosy bacillus, the resulting colonies differing in no material way from 
the virus colonies of which the cytoplasmic inclusion bodies are composed. The 
tissue lesions that are associated with virus infections — ^inflammatory, necrotic, 
degenerative, granulomatous and proliferative— are of the same kind as those that 
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follow infection witii one or other of the pathogenic bacteria ; and the stress of the 
reparative reaction appears to fall on the same cells of the reticulo-endothelial 
system (see Ledingham 1924, 1926a, h, 1927, Ledingham and Bariatt 1929 ). 

Of the ultimate mechanisms by which the filtrable viruses produce their harm- 
ful effects we as yet know little or nothing. We do not, for instance, know whether 
any of them produce soluble toxins with a characteristic pharmacological action, 
such as are produced by certain bacteria. Until our technique has developed to 
the point at which we can secure mass cultivation in vitro ^ in a cell -free medium, 
this problem is likely to remain unanswered. We can at the moment go no further 
than the statement that no instance has as yet obtruded itself upon our notice 
in which it seems necessary to assume the presence of a soluble toxin acting: at a 
distance from any focus of living virus. On the other hand, there is some evidence 
to suggest that endotoxins, similar to those contained in certain bacteria, may 
be produced by viruses. Eake and Jones (1944), for example, have found that 
the lymphogranuloma, meningopneumonitis, and mouse pneumoiiia viruses {^ee 
Chapter 85), when grown in the yolk sac of the developing chick embryo, may 
elaborate a thermolabile endotoxin, which is capable on intravenous inocuiatioii 
into mice of causing death in 4 to 24 hours. 

Antiviral Immunity. 

Before discussing the mechanism of antiviral immunity it will be convenient, 
to consider briefly the ways in which such immunity may be induced ; since it is 
held by many that, in this respect, there is a significant difference between the 
behaviour of the fi.ltrable viruses and bacterial cells. 

Active Antiviral Immunity. — As regards active immunity, w^e have seen that 
this is conferred under natural conditions by a typical attack of the disease, and 
probably by atypical attacks of varying severity or by a carrier infection. Artifi- 
cially it may be induced by the injection of a sublethal dose of living virulent virus 
(a dangerous and uncertain method, even when injections are made by an unusual 
route), by the injection of a virus that has changed its disease-producing characters, 
but not its antigenic structure, during adaptation to a different host-species — the 
classical example is the use of vaccinia to protect against variola — or by an initial 
injection of a fully attenuated virus followed by injections of less and less attenuated 
samples until the fully virulent virus is resisted — the classical example is the 
Pasteurian method of protection against rabies by the injection of rabbit-cord virus 
attenuated by drying. The question at issue is whether we can induce an effective 
antiviral immunity by the injection of killed vims alone, in the way that we can 
produce an antibacterial immunity by the injection of killed bacterial cells. The 
question really resolves itself into two others. Can we produce an effective resist- 
ance by the injection of virus-containing material so completely inactivated that 
it produces no detectable infection when injected in large doses into a fully suscep- 
tible animal ? If this is possible, may we assume that the inactivated %dms is 
actually dead ? 

We may answer the first question affirmatively, provided we qualify it by 
saying that the immunity produced by an inactivated virus is seldom of long 
duration, unless it is followed up by a later injection of active virus. 

Semple ( 1912) has sho^vn that the classical Pasteurian methods of rabies prophylaxis may 
be replaced by injections of rabbit-brain virus inactivated by treatment with 1 per cent, 
phenol. Boynton (1918, 1928) records successful immunization against cattle plague with 
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a phenolized vaccine, Curasson and Delpy (1926) and Baubney (1928) with a vaccine in- 
activated with formol. Ducloux and Cordier ( 1926) report successful immunization against 
sheep-pox with vaccines inactivated by formol or by ethanol. Bedson, Maitland and Bur- 
bury (1927) record the partial immunization of guinea-pigs against foot-and-mouth virus 
by the injection of formolized virus, and the complete immunization of a proportion of 
animals after prolonged treatment. Todd (19286), having failed to immunize fowls by the 
injection of heat-kiUed or formolized fowl plague virus, succeeded in producing an effective 
immunity by the injection of three doses of a phenolized vaccine. . Bedson (1931) produced 
a high degree of immunity in guinea-pigs against herpes by the injection of a formolized 
virus and records similar results with inactivated psittacosis virus (see Discussion 1932). 
Other examples will be found in vaccines against distemper. Rift VaUey fever, equine 
encephalomyelitis, and influenza. 

It would seem a fair conclusion that the injection of inactivated virus material 
almost always confers some degree of specific resistance, provided that a suitable 
method of inactivation is employed ; but that the resistance so conferred varies 
widely in effectiveness in different virus diseases. In some it is of a high order. 
In others it must be reinforced by injections of active virus ; and it is probable 
that such reinforcement always increases the solidity and duration of the resistant 
state. 

When we inquire whether an inactivated virus may be assumed to be a dead virus, 
we are on more difficult ground. There is general agreement that the application of 
violent, and therefore certain, methods of Idliing — such as heating to high temperatures 
for long periods — destroys the antigenic value of virus- containing material. Indeed, as 
we have seen above, inactivation by such a chemical agent as formol may remove the 
antigenic value of one virus but not of another. Such facts are, perhaps, in favour of 
the view that attenuation rather than death marks the limit beyond which we cannot 
pass if an effective antigenic stimulus is to be obtained ; but they are also explicable 
on the assumption that the lack of immunizing effect is due to some alteration in an im- 
portant antigenic constituent rather than to the killing of the virus. If all effective vaccines 
were attenuated, not killed, we might expect occasional infections with our treated vaccines. 
In some instances at least such accidents seem never to occur. Thus (see Harvey and 
McKendrick 1930), the testing of 500 samples of Semple’s phenolized rabies vaccine by 
the injection of 1 ml. intramuscularly into rabbits did not result in a single infection. 
Similarly, if a sjrmptomless infection occurred in an animal injected with an inactivated 
vaccine, it might be possible by passage from that animal through others to produce 
characteristic symptoms or lesions. Bedson ( 1931) notes that his formolized herpes vaccine 
produced no lesions when introduced into the plantar skin of guinea-pigs, nor was it possible 
by passage from animal to animal by this route to restore its activity. Even these results 
are not entirely convincing, since it might plausibly be maintained that the chemical 
treatment had affected the virulence of the virus without destroying its vitality. Failure 
to grow in tissue culture or in the developing chick embryo might be a more convincing 
test. Taking the evidence as a whole, however, we may agree with Bedson (1937) in 
regarding, for all practical purposes, such inactivated viruses as dead. But when we 
look more closely into our terms we are faced with the difficulty of defining “ living ” 
and “ non-living ” in relation to viruses. This is a question that need not detain us here ; 
it has already been discussed in Chapter 41 (see p. 967). 

Whatever the final verdict may be, it is the common practice at the moment to rely 
on the injection of living virus under the protection either of a partial active immunity 
induced by the previous injection of virus inactivated in some appropriate way, or of a 
temporary passive protection induced by the injection of serum from an immunized animal. 
The latter method is very commonly employed, and its practical exploitation has led to some 
interesting observations. These have been admirably summarized by Andrewes (1931). 
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Virus -serum mixtures incubated until infection can no longer be produced by any route 
seem to be useless as immunizing agents. To be effective they must be slightly under- 
neutralized. In this state they will produce immunity against some virus diseases, A 
more generally effective method is the so-called side-to-side inoculation — virus into one site, 
serum into another. Depending upon the ratio of antiserum to virus, this procedure 
may be followed by a mild and atypical infection or may produce no detectable general 
reaction. In some cases effective immunity is secured onty if the serum -virus ratio is within 
the range at which a generalized reaction occurs ; in others, such as dog distemper ( Laidlaw 
and Dunkin 1931), an excess of antiserum sufficient to suppress such a reaction does not 
prevent a successful immunizing response. Side-to-side immunization has been successfully 
employed in cattle plague (KoUe and Turner 1898, see also Carmichael 1928), swine fever 
(Dorset et al. 1919) and dog distemper (Laidlaw and Dunkin 1931). Theiler ( 1907 - 1909 ) 
records the successful immunization of horses and mules against African horse sickness by 
the simultaneous intravenous injection of virus and antiserum. 

Another effective method is to administer the antiserum after the virus. This involves 
a mild immunizing attack of the disease, and for this reason it will clearly never be a 
method of choice where times and conditions may be determined at wiU ; but it has an 
important application when exposure to risk of infection has already occurred, or is an 
imminent and unavoidable danger. By the administration of antiserum in adequate 
amount, and at the correct interval after exposure, it is possible to avoid a severe and 
typical attack, replacing it by a trivial infection that wnll confer a lasting immunity. The 
modern methods of measles prophylaxis (see Chapter 88) afford an excellent example of 
successful action along these lines. 

Passive Antiviral Immunity. — Turning to passive immunity, enough has already 
been said to indicate that antiviral sera are at least as effective in affording pro- 
tection against the komologous virus as is an antibacterial serum in protecting 
against the homologous bacterium. It may be noted that, while antibacterial sera 
are commonly prepared by the immunization of some conveniently large animal, 
usually the horse, it has become the practice to prepare antiviral sera by the 
immunization of an animal of the same species as those it is desired to protect. 
This is in part due to the fact that much of the work on virus diseases has been 
carried out within the province of veterinary medicine, and that the original 
observations on the protective power of immune sera were made with the blood 
obtained from convalescent animals, or from such animals after further treatment 
with large injections of active virus. These hyperimmimized animals, when of 
a conveniently large kind, provide a supply of Mghly effective antiserum. There 
are, moreover, many observations which suggest that homologous antisera may 
be more effective than those prepared in animals of another species. Thus an 
antidistemper serum prepared in the dog will protect both dogs and ferrets against 
distemper virus, but protection in the ferret is much less effective and less con- 
sistent than in the dog (Laidlaw and Dunkin 1931}. [Of. the efficacy of different 
antisera in passive anaphylaxis, p. 1140.] 

As in antibacterial immunity, the passive immunity so obtained is transient 
— too transient to be of any prophylactic value except under narrowly limited 
conditions that only occasionally occur in practice. 

There are observations on record — some of them contained in the papers already 
referred to — indicating that antiviral sera may have a definite if limited thera- 
peutic value, though there is reason to believe that once virus has gained access 
to the cell no circulating antibody, whether generated actively by the host or 
passively introduced, is able to neutralize it. 
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Tlie Meehaaisms of Aati¥ira! 

We know very little of wkat happens when a virus is introduced into the tissues 
of a resistant animah or when a relatively avirulent strain is injected into a relatively 
susceptible animal. We cannot, therefore, construct any detailed pictures of the 
kind outlined in Chapter 47 in the case of bacterial infections. 

Our ignorance on this point is due to technical difficulties rather than to lack of interest. 
In the case of bacterial infections we can, by staining and by cultivation, trace the dis- 
tribution of the parasites in the tissues with considerable accuracy. In virus diseases 
neither method is available in a form suitable for this purpose, and we are thrown back on 
the inoculation of a susceptible animal whenever we wish to demonstrate the presence of 
virus in a given tissue. If we desire our results to be quantitative — as we usually do — 
we are in further difficulties unless the virus produces a characteristic skin reaction. If it 
does, we can titrate it with some approach to accuracy. If it does not we have to rely on 
producing infection or death in an adequate sample of animals with each dose tested, and 
our task becomes formidable. Nor do our troubles end here. The material we inject 
contains not only virus, but products derived from the host ; and the possible effects of 
the latter cannot be neglected. The assumption that the result obtained by the injection 
of virus- containing material into a susceptible animal is determined by the virus alone is, 
as Ave shall see, quite unjustified. 

Such knowledge as we have has been gained mainly by experiments on normal 
animals. So far as it goes it suggests that the immediate clearing mechanism 
involved in freeing the blood stream and tissue fluids from virus is the same as that 
brought into play in the case of bacteria, and that, in a naturally immune animal, 
or in a relatively susceptible animal injected by a route that does not allow the 
virus to gain easy access to the tissues for which it has a special affinity, this clearing 
mechanism is capable of functioning very effectively. 

Thus Gins and Weber (1916) found, in conformity with the results of earlier workers, 
that vaccinia virus of ordinary potency disappeared rapidly from the blood stream after 
intravenous injection. When large amoimts of virus were injected, and the organs were- 
tested w ithin 5 hours, virus could usually be recovered from the spleen, less frequently from 
the liver, but never ffom the bone-marrow. Douglas, Smith and Price (1929) — ^who were, 
it wdll be remembered, working with a highly potent strain of virus — record four experi- 
ments in which various organs were tested for virus within a few days after an intravenous 
injection. In these the virus was recovered in each case from lungs and spleen, in 3 of 4 
cases from the liver, and in 3 of 4 cases from the bone-marrow ; but the fact that infection 
was in all cases widely generalized makes the significance of these findings doubtful. Of 
more interest are the relative frequencies of vaccinial lesions in the different organs and 
tissues. Of 36 rabbits injected intravenously the numbers showing lesions at different sites 
were as follows : skin 31, mucosa of lips or nose 26,**tongue 24, lungs 35, liver 24, spleen 24, 
adrenals 14, oesophagus 1, bladder 1, intestine 1, muscles 2, heart 1, pericardium 1, peri- 
toneum 3. Lesions were also relatively frequent in the testes among the males, and in the 
ovaries among the females. Thus we find the highest frequencies in those tissues for which 
vaccinia virus is known to have a special affinity and in those organs — lungs, liver, spleen 
and adrenals — ^wMch are primarily concerned in freeing the blood stream from inanimate 
foreign particles or from bacteria, 

Plexner and Amoss (1914) record that the injection of poliomyelitis virus into the 
veins of monkeys — a rout© that does not commonly lead to the production of the typical 
disease— is followed by the prompt deposition of the virus in the spleen and bone-marrow, 
but not in the kidneys. GaUoway (Eeport 1931) has recorded a few experiments in which 
the infectivity of various organs was determined 24-48 hours after the injection of foot- 
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aiid-moutii virus into the pad of the guinea-pig’s foot. The concentration of virus was 
highest in the blood, but the spleen, liver and lungs contained virus in detectable amount, 
while the mesenteric glands, ovary, testis and muscles did not. In dog distemper (haidlaw’ 
and Dunkin 1928a, 6), organs rich in reticulo- endothelial cells, such as the spleen, show* 
a high virus content. 

A review of the available data appears to justify the following conclusions. 
Where the vims concerned has an afidnity for some special tissue in which it causes 
its characteristic lesions, it will, naturally enough, be found in the greatest con- 
centration in those lesions or in their immediate neighbourhood- Thus we find 
vaccinia virus in the highest concentration in the lymph of the pustules, the vims 
of foot-and-mouth disease in the fluid of the vesicles, the virus of rabies, or of 
poliomyelitis, or of Borna disease, in the central nervous system, and so on ; but 
even in these diseases the other tissues in which the virus is most frequently present, 
if we except the blood, are those concerned in the normal clearing mechanism — 
the spleen, liver, lungs, bone-marrow or adrenals. In generalized infections, in 
which localization in the skin or nervous system is not a feature of the disease, the 
reticulo-endothelial tissues frequently show the highest vims content. 

The blood we must consider in rather more detail. That the virus may often 
be demonstrated in biood withdrawn during the febrile stage of illness, or even 
at other times, we have already seen ; but many of the results recorded, particularly 
in the later stages of experimental infections, have been curiously irregular. It 
would appear that these irregularities have been due in part to the fact that the 
virus is often present in the cellular elements — particularly in the leucocytes — 
rather than in the plasma, and that viricidal antibodies may appear in the plasma, 
while virus is present in the cells. 

As long ago as 1899 Kolle showed that the infective agent in the citrated blood of 
an animal suffering from cattle plague was readily removed by centrifugation. The 
supernatant plasma was non-infective ; the deposit, containing the blood cells, infective 
to a high degree. Todd and White (1914) studied this phenomenon in greater detail 
and showed that the virus w^as mainly associated with the leucocytes, and Schein (1917) 
and Daubney (1928) recorded similar findings. Buss (1906) (see also Landsteiiier and 
Buss 1906) found that the virus of fowl plague was present in greater amount in the cellular 
constituents of the blood than in the plasma, and Todd (1928a) has shown that the con- 
centration is highest in the leucocytic layer, though Boerr and Gold (1932) record experi- 
ments which they interpret as indicating an adsorption of the virus by the red ceils. 

Smith (1929) has studied this problem in some detail in experimental vaccinia in the 
rabbit. Comparing the infectivity of the whole biood, the plasma, and the washed deposit 
of cells during the early days of a generalized infection he found that the w^ashed cells 
were most infective, and the plasma non-infective. By fractional centrifugation it W’as 
possible to show that the red cells played no part in fixing the virus. The results suggested 
strongly that the leucocytes a^on^ were concerned, but the possible participation of the 
blood platelets could not be entirely excluded. At a later stage — and this is the 
immediately significant point — the washed cells might be infective while neither the whole 
blood nor the plasma produced any lesion in susceptible rabbits. After intradermai in- 
oculation of virus the washed cells might be found infective in animals whose whole blood 
gave consistently negative results. 

In further experiments it was found that specific antibodies made their appearance 
in the plasma of infected rabbits as early as the 3rd day after infection and thereafter 
rapidly increased in concentration. There was, therefore, a period during which the 
leucocytes contained active virus while the plasma contained protective antibodies. In- 
feotivity tests carried out with the whole blood during this period gave irregular and 
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often negative results, depending on the balance between virus and antibody. But if 
washed cells, freed from antibody, were used for the test inoculation, virus could regularly 
be demonstrated in the blood up to the 8th day after infection. Berry and Kitchen 
(see Russell 1932) in a case of yellow fever noted the simultaneous presence of virus and 
protective antibodies in the blood on the 4th and 5th days of disease. Such observations 
indicate clearly that caution should be exercised in assuming that any tissue extract or 
body fluid is necessarily free from Mving virus because it is non-infective. 

The data that enable us to compare the fate of a virus when injected into an 
immunized animal with its fate when injected into a normal animal of the same 
species are even more scanty. There is the clear and significant fact that the 
characteristic signs of infection do not occur, or are very greatly modified ; but 
beyond that fact we know relatively little. c. 

In the particular case of foot-and-mouth disease, Bedson, Maitland and Burbury (1927) 
have shown that three stages — not of course sharply demarcated from each other — can 
be recognized in the active immunization of the guinea-pig. In the first, the animal resists 
the intramuscular injection of a dose of virus that uniformly causes a generalized infection 
m controls, but responds to inoculation into the pad of the foot by developing a local vesicle 
followed by generahzed lesions. In the second the sohd resistance to intramuscular 
injection is associated with a heightened resistance to intradermal injection, so that the 
local vesicle is not followed by generalization. In the third and final stage the guinea-pig 
IS immune to the inoculation of the virus by any route. There is here a clear suggestion 
of an improved clearing mechardsm that, in the partially immunized animal, is able to pro- 
tect the sensitive tissues if these have not been directly infected at the time of inoculation. 
Analogous observations have been made during the period of fading immunity in cattle 
and pigs (Andrews and others ; Report 1931). Recent experiments by Galloway (Report 
1931) on the survival of foot-and-mouth virus after inoculation into the tissues of 
immunized animals are in general accord with this view. Virus injected into the mucous 
membrane of the tongue of immunized rabbits could not be recovered from the blood at any 
time from the 2nd to the 36th hour after inoculation. Similarly, virus inoculated into the 
tongue or pads of immunized guinea-pigs could never be recovered from the blood. It 
could be recovered from the local lesions from 30 minutes to 24 hours after injection, 
but not after 36 hours. 

Of particular interest is an isolated experiment recorded by Smith (1929). Vaccinia 
virus was injected intravenously into an immunized rabbit, and the washed blood cells 
were tested for infectivity after 30 minutes, 1, 2, 4, 6 and 8 hours. The cells were infective 
up to and including the 4th hour, after which they were non-infective. This rapid dis- 
appearance of virus from the blood of an immunized animal contrasts sharply with the 
course of events in a normal rabbit. 

The relative parts played by cells and by humoral antibodies in immunity 
to virus diseases form a subject on which opinion is still sharply divided. It must 
be understood that, when we use the term “ cells ” in relation to viruses, we are 
generally referring not to the reticulo-endothelial cells of the body, which are 
so active in antibacterial immunity, but to the particular cells invaded by the 
virus. The reticulo-endothelial system, as we have just seen, undoubtedly acts 
in conjunction with neutralizing antibodies to dispose of certain types of virus ; 
but when we speak of cellular immunity in virus diseases we have in mind an 
entirely different mechanism, namely the resistance of normally susceptible cells 
to invasion by active virus particles. We know that neutralizing antibodies, if 
mixed with virus before inoculation, or if injected into an animal before the virus, 
are capable under suitable conditions of preventing infection. Not all virus diseases 
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can be protected against in tMs way. In some diseases^ for example, sncii as psitta- 
cosis and lymphocytic choriomeningitis, potent neutralizing antisera are difficult 
to prepare. In others, such as poliomyelitis, though neutralization of virus in vitro 
is possible, injection of serum into a monkey or a cotton rat before inoculation with 
the virus has no protective effect. The reason for this is probably twofold. 
Firstly, the virus gains access to the nervous system from the site of injection 
without entering the blood stream ; and, secondly, the cerebrospinal fluid, which 
is the only fluid in contact with the nerve cells of the brain and cord, does not 
contain the blood globulins, since the choroid plexus is impermeable to the largti 
molecules of these substances (Perdrau 1938). Moreover, as has already been 
pointed out, even in virus infections in -which a strong neutralizing antibody can 
be obtained and in which the virus is not essentially neurotropic, the available 
evidence suggests that inactivation of the virus can occur only extracellulariy. 
Once the virus has penetrated the cell, it seems to he adequately shielded from the 
antibody. If, as in the prophylaxis of measles, the antibody reaches the majority 
of the susceptible cells before the virus, the virus may be neutralized either on 
the surface of the cell or in its immediate vicinity ; but if the serum is given too 
late, after the virus has penetrated the cells, it is almost or completely without 
effect. 

The protective effect of the ceU on viruses was studied by Perdrau and Todd (1936). 
They found that in suspensions free ffom living animal cells the viruses of fowl plague, 
herpes, vaccinia, and louping-ill were easily destroyed by photodynamic action (see 
Chapter 5). But in freshly prepared suspensions of living cells from infected animals 
they proved very much more resistant. This was not due simply to the presence of the 
cells, since it was shown that the increased resistance of the viruses did not become apparent 
for some time after the inoculation of the virus into the animal. Fowl plague virus, for 
example, inoculated intracerebrally into a fowl, remained susceptible for an houi’ ; vaccinia 
virus inoculated intratesticularly into a rabbit remained susceptible for about 10 hours ; 
and herpes virus inoculated by the same route remained susceptible for 18 hours. The 
latent period elapsing before the virus became resistant was interpreted as a measure of 
the time required by the virus to penetrate the ceU and thus obtain protection from the 
lethal action of the dye. It may be noted that protection was very difficult to establish 
when the virus was mixed with ceU suspensions in vitro, unless growing tissues, such as 
those of the chick embryo, were used. This suggests that penetration of the vii*us occurs 
most readily in cells which are either growing or actually dividing. 

We see, therefore, that in some diseases in which a second attack is known 
to be very uncommon neutralizing antibodies appear to play little or no part in 
the development or maintenance of immunity. Are we justified in assuming 
that in these instances immunity is purely cellular ? This is a difficult question 
to answer. As Bedson (1937) points out, the mere inability to demonstrate circu- 
lating antibody is not sufficient reason for postulating a tissue immunity. It has 
been abundantly demonstrated that in many virus diseases it is possible to protect 
a susceptible animal with a dose of serum so small as to render detection of anti- 
body in the circulation highly problematical. It is legitimate to assume, there- 
fore, that, even in the absence of demonstrable circulating antibody, a true humoral 
immunity may exist due to the inactivating effect on the virus of neutralizing 
antibody distributed around ox on the surface of the susceptible cells. hTor are 
we justified in concluding that humoral inunurnty may be ruled out, because no 
quantitative relationship appears to exist between the amount of circulating anti- 
body and the degree of immunity. 
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Webster (1938), for example, found that susceptible mice, inoculated subcutaneously 
or intraperitoneady with 15,000 intracerebral lethal doses of St. Louis encephaHtis virus, 
developed an. immunity in 4—7 days to the intracerebral or intranasal inoculation of 1 ,000 
to 1,000,000 lethal doses of virus. The immunity lasted for 4-6 weeks, then declined 
gradually till it disappeared after 8-12 weeks. While immunity was at a maximum, 
circulating antibodies were not detectable, though they appeared later when immunity 
was declining. Webster therefore regards this as an instance of tissue immunity in the 
absence of humoral immunity. Though this is perhaps the obvious interpretation, it is 
difficult to accept it without reserve, since we know too little about the distribution of the 
antibody in the tissues. It may be, as Bedson (1937) suggests in respect of poliomyelitis, 
that the antibody which appears in the circulation is a response to virus in tissues other than 
the central nervous system and bears little relation to that in the nervous tissue itself. 

Nevertheless, in diseases due to the more strictly neurotropic viruses, of which 
rabies and poliomyelitis may be quoted as examples, there is so far little or no 
evidence to suggest that immunity is in any way dependent on the action of 
humoral antibodies. One attack of the disease appears to confer an almost, 
though not quite, absolute protection against a second attack, but the mechanism 
by which this end is achieved is open to doubt. One interesting observation that 
may throw light on it is the so-called interference phenomenon, described by Hoskins 
(1935) and studied further by Findlay and MacCallum (1937).* It was found that 
monkeys inoculated with a pantropic strain of yellow fever virus died ; hut that 
if neurotropic virus, which is not normally fatal, was injected at the same time, 
the animals survived. Since the precocious development of antibodies seemed 
to be ruled out, the explanation offered is that the neurotropic variant occupied 
a proportion of the cells that would normally have been invaded by the pantropic 
virus and so prevented them from being infected by this fatal form of the virus. 
Immunity of this type, in which a cell already occupied by a virus,' is resistant to 
infection by other particles of the same or nearly related virus, may perhaps be 
referred to as pre-emptive immunity — a term suggested by Dr. C. H. Andrewes. 
We know that such an immunity occurs in plants, in which humoral antibodies 
have never yet been demonstrated ; and there is increasing evidence that it plays 
a part in the defence of the host against some of the animal virus infections. If 
this conception is ultimately proved to be correct, then the existence of a true 
cellular immunity will have been established. At present we must regard it as 
no more than a plausible guess. 

It may he noted that an apparently similar phenomenon has been observed 
by Delbriick and Luria (1942) in a study of two strains of bacteriophage, oc and y, 
active against Bact, coli. It was found that when sensitive bacteria were exposed 
simultaneously to the action of both bacteriophages, the y-phage completely sup- 
pressed the growth of the a-phage. It is suggested that, for the multiplication 
of bacteriophage within the cell a key-enzyme activating the necessary substrate 
is required, and that for some reason one strain of bacteriophage is more successful 
than another in competing for this enzyme. It was further shown by Luria and 
Delbriick (1942) that the interfering action of the y-phage, though destroyed by 
heat, was resistant to mild doses of ultra-violet rays sufficient to prevent active 
growth of the phage itself. The irradiated phage did not lyse the bacteria to which 
it became attached, but it did prevent their multiplication. These observations 
are of great interest, and point the way towards the possible use of ultra-violet 
irradiated vaccines in the prevention of virus diseases. 

For further references, see Mudd, S. (1944) J. Amer, med. Ass., 126, 632. 
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Phe Nature and Reactions of the Antiviral Antibodies* 

In discussing the role of the serum antibodies in antibacterial immunity, we 
ivere able to draw on our extensive knowledge of the ways in which antibodies and 
bacteria react in vitro. Our knowledge of the Dt vitro reactions of filtrable viruses 
and their specific antisera is as jet rudimentary ; but it will help us in the present 
discussion if we summarize the scanty evidence available, comparing it with that 
set out in Chapter 7. 

In the particular case of vaccinia virus, it has been shown that the serum of 
an immunized rabbit reacts in vitro with virus-containing material from the pocks 
of variola or vaccinia in man, giving complement fixation and, under suitable 
conditions, visible precipitation (Gordon 1925 , Burgess, Craigie and Tulloch 1929, 
Bedson and Bland 1929 , Craigie and Tulloch 1931 , Havens and Mayfield 1931), 
These reactions are specific — suspensions of material from the lesions of chicken- 
pox do not react with anti-vaccinial sera — and they confirm the antigenic similarity 
or identity of the viruses of vaccinia and variola. It will be noted that the anti- 
genic material employed is extremely crude. Vaccine lymph contains substances 
derived from the tissues of the calf and a number of non-pathogenic contaminating 
bacteria as well as the vaccinia virus itself, and antigenic substances of similar 
kinds are present in material derived from human skin lesions. 

It has been suggested that the reactions referred to above may be due to foreign 
contaminating bacterial antigens rather than to antigens derived from the virus ; 
but this criticism has been adequately met. 

Bedson and Bland (1929) showed that antivaccinial sera did not fix complement in 
the presence of bacteria derived from calf-lymph, nor did antisera prepared against those 
bacteria fix complement in the presence of the lymph (see also Havens and ^Mayfield 1931). 
Craigie and Tulloch (1931) record the failure of antisera prepared against the secondary 
bacterial infectors, found in vaccinia and variola crusts, to give visible fioceulation with 
crust extracts. They note, moreover, that antisera prepared by injecting rabbits Avith 
extracts of the bacteriologically sterile organs of an animal suffering from generalized 
experimental vaccinia give good flocculation with crust extracts, and that antisera prepared 
against dermal vaccine lymph give good flocculation with extracts of virus- containing 
organs. Similar observations have been recorded by Thompson, Hazen and Buchbiiider 
(1932). The conclusion that these reactions depend on antigens present in or derived from 
the virus itself is confirmed by the observation of Gilmore (1931) that antivaceinial sera 
prepared in the rabbit, or human serum derived from cases of variola minor, give specific 
complement fixation in the presence of vaccinia virus which has been propagated through 
17 to 24 successive subcultures in an appropriate tissue medium. 

Observations by Ledingham ( 1931 ) and by other workers have an important 
bearing on this problem. The tissues of animals infected with vaccinia may be 
shown by appropriate staining methods to contain minute granules, the Paschen 
bodies, which almost certainly represent the actual virus — such bodies may be 
demonstrated in tbis and other virus diseases as optically resolved images by the 
beautiful methods devised by Barnard ( 1919 , 1926 , 1932 , Barnard and Elford 1931- 
32 ). By differential centrifugation Ledingham has been able to prepare suspensions 
of these elementary bodies almost entirely freed from extraneous material, and 
finds that, in tbis state, they are specifically agglutinated by an antivaceinial serum, 

Craigie (1932) has recorded experiments which indicate that the flocculation that occurs 
in a mixture of vaccinia virus and antivaceinial serum is not wholly, or even mainly, an 
agglutination reaction ; but is due in large part to the interaction of a soluble specific 
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substance derived from tke virus with, a corresponding antibody in the serum. In the 
precipitate so formed the virus particles are entangled. The virus particles separated 
from the soluble substance are agglutinable by the serum, and absorption experiments 
suggest that the precipitation and agglutination reactions are dependent upon the same 
antigenic components. Turther observations by Craigie, Shedlovsky, Smadel and others 
(see Chapter 41) have now shown the existence of a soluble, so-called LS, antigen, con- 
taining heat-labile and heat-stable components, which reacts with specific antibody in 
complement-fixation and precipitation tests, but which apparently plays no part in the 
reaction with neutralLzing antibody. 

Smith (1932) has recorded experiments that indicate the close similarity between the 
filtrable substance described by Craigie and the bacterial haptens described in Chapter 7. 
Rabbits were injected intratesticularly with vaccinia virus, and autolysates were prepared 
from the infected testicular tissue. From these autolysates a soluble specific substance 
was obtained, which would withstand boiling, but not autoclaving. It gave a positive 
biuret test, positive reactions for arginine and tyrosine, negative reactions for tryptophan 
and cystine, and a positive Mofisch test for carbohydrate. It therefore contains both pro- 
tein and carbohydrate radicles. It shares with the bacterial haptens the capacity to give 
specific precipitation in vitro^ and the incapacity to stimulate antibody production in vivo. 

Douglas and Smith ( 1930) have studied the action of whole blood and of serum-leuco- 
cyte mixtures on vaccinia virus. They find that leucocytes take up the virus in vitro ; 
that immune is significantly more viricidal than normal blood ; and that normal cells in 
the presence of immune plasma appear to be more viricidal than immune cells in the 
presence of normal plasma. 

It happens that the greater part of the available data with regard to the in vitro antigen- 
antibody reactions of the filtrable viruses refers to the particular case of vaccinia ; but we 
shall probably not err in regarding this as an illustrative example of the behaviour of viruses 
in general. All the evidence that we have points in this direction. 

Thus Bedson and Bland (1929) have demonstrated specific complement fixation with 
herpes virus and an antiherpes serum, Ciuca (1929) with foot-and-mouth virus and the 
corresponding antiserum, Frobisher (1929) with yellow-fever virus and the sera of con- 
valescent men and monlreys, Laidlaw and Dunkin (1931) with the virus of dog distemper, 
and Broom and Fmdlay (1932) with the virus of Rift Valley fever and the sera of men, 
monkeys, sheep, rats and mice that have recovered from natural or experimental infection. 
Ledingham (1931) has demonstrated the agglutination of suspensions of the Borrel bodies 
of fowl-pox by the sera of fowls that have recovered from that infection, and Bedson (1932) 
has demonstrated agglutination and complement-fixation reactions between the elementary 
bodies of psittacosis virus and a specific antiserum. 

It would seem, then, safe to conclude that naturally infected men and experi- 
mentally infected animals produce specific antibodies to a filtrable virus, which 
react with that virus in vitro in the same specific way as an antibacterial serum 
reacts with the homologous bacterium, or with its products, though there is reason 
to believe that the antigen responsible for the in vitro agglutination, precipitation 
and complement-fixation tests may be different from that which combines with 
neutralizing antibody. 

Certain observations on the neutralization of a filtrable virus by an antiviral 
serum — as studied by inoculation tests in susceptible animals— have raised doubts 
as to whether the antigen-antibody reaction involved is entirely similar to that 
which occurs between a bacterium and the corresponding sensitizing antibody. 

Andxewes (19285) found that mixtures of vaccinia virus with antivaccinial serum 
might fail to give rise to lesions when injected intradennally, indicating effective neutraliza- 
tion, though they proved infective when injected intratesticularly, intracerebrally or 
intravenously. He found also that virus could be recovered from a neutral serum-virus 
mixture for periods as long as 24 hours by simple dilution, and that the specific neutralizing 
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antibodies could be recovered from the mixture by filtration tbrougb a candle that held 
back the virus. Todd (1928c) found that mixtures of fowl-plague virus and anti-fowl- 
plague serum, which were just neutral when undiluted, regained their infectivity on tenfold 
dilution wnth sahne. This dilution phenomenon was observable after 4 hours’ contact 
between virus and serum at 37° C., but not after 24 hours’ contact at 28° C. The effect 
of dilution at the earlier period was also evidenced by the fact that a mixture that was 
inactive when injected intramuscularly was infective when injected intravenously. Bedson 
(1928) records similar experiments with herpes virus and an antiherpes serum, and con- 
cludes that there is a slow union between the virus and the viricidal antibodies in vitro, 
the effect of dilution being limited to the period during which this union is incomplete. 
In later experiments (Bedson 1929) he demonstrated that collodion particles would adsorb 
the specific antibodies from an antiherpes serum, and that particles so treated wrouid 
adsorb herpes virus more readily than untreated particles, or than particles treated wnth 
normal serum. From this he concluded that the antigen must have united with the 
antibody. Andrewes (1930) re-examining the reaction between vaccinia virus and an 
antivaceinial serum in the light of these results found that it became less and less easy 
to recover active virus from serum-virus mixtures as the period of contact was prolonged, 
but that the time required for complete irreversible inactivation of the virus was of the 
order of 24 to 48 hours at 37° C., or 4 to 8 days at room temperature. Similar observations 
have been made by Shaffer and Enders (1939) and Burnet and Lush (19396) on the herpes 
virus. The observation of Smith (1930) that it is possible by the use of optimal amounts 
of absorbing material to absorb separately the antibodies acting on herpes and vaccinia 
virus from a mixture of antiherpes and antivaceinial serum indicates quite clearly that, 
under suitable conditions, an effective antigen-antibody union occurs ; though Sabin 
(1935) records experiments from w^hioh he draws quite different conclusions. 

It would seem probable that antibodies acting on the filtrable viruses form 
with them a union which is at first of a loose kind, easily dissociable on simple 
dilution, and which attains stability and firmness only after the lapse of a con- 
siderable period of time, probably as the result of some secondary change in the 
antigen-antibody complex. Closely analogous relations have been shown to hold 
between certain bacterial antigens and their antisera. 

On the other hand, differences from these antibodies have been noted. 

For example, in the neutralization of bacteriophage by antiserum, Andrewes and Elford 
(1933) found that wdthin limits the percentage reduction in the number of active particles 
was independent of the concentration of bacteriophage in the mixture. Keogh (1936), 
working with chorio -allantoic membrane cultures, has recorded similar findings in vaccinia. 
Thus, in one experiment, a 1 : 10 dilution of immune serum, wEen mixed in equal quantity 
with a virus suspension, produced a 99*3-99*5 per cent, reduction in the expected number 
of pocks, irrespective of whether the virus suspension was diluted 1 : 30, 1 : 90, 1 : 270, 
or 1 : 810. This percentage law is supposed to result from the circumstance that within 
a certain range of dilutions the virus particles are so widely separated that they do not 
compete with each other for the antibody molecules. A further similarity to phage- 
antiphage serum reactions was observed in the percentage neutralization of vaccinia virus. 
Neutralization in constant proportions did not occur. For instance, vrith one serum 
studied the pure serum inactivated 99*6 per cent, of virus, a 1 : 10 dilution 99*4 per cent., 
a 1 : 100 dilution 97 per cent., and a 1 ; 1,000 dilution 80 per cent. (See also Chapter 11.) 

How neutralizing antibodies act is still subject to discussion. 

From the work of Salaman (1937) it seems clear that the neutralizing antibody to 
vaccinia becomes fixed to the virus particles themselves. Absorption with elementary 
bodies, but not with the soluble specific substance that takes part in the complement- 
fixation and precipitation tests, removed the virus-neutralizing bodies from a serum. 



1210 


IMMUNITY IN VIRUS DISEASES 


The observations recorded above suggest that the neutralizing antibody does not lead 
directly to the death of the virus ; and the finding of virus and antibody together in the 
circulating blood or in growing tissue cultures in vaccinia (Smith 1929), cctromelia (Downie 
and McGaughey 1935), and psittacosis (Bedson 1937) is additional evidence in favour of 
this view. The experiments of Andrewes (1929a, h) on Virus III and of Rivers, Haagen 
and Muekenfuss (1929a, b) on vaccinia and herpes show that in tissue cultures the forma- 
tion of characteristic inclusion bodies can be prevented by the addition of immune serum 
to the cultures before the virus. This may be interpreted as meaning that the antibody 
interferes with the penetration of the cell by the virus, or that it so alters the virus as to 
prevent its multiplication when it reaches the interior of the cell. Whichever explana- 
tion is correct, it is knowm that the inactivating effect of antibody is increased by the 
presence of leucocytes, suggesting that, as *with bacteria, one of the main functions of 
neutralizing substances in the serum is to prepare the parasite for phagocytosis and sub- 
sequent intracellular destruction. 

As is the case with the antibodies acting on bacteria and their products, the 
antibodies in antiviral sera appear to be confined to the globulin fractions. 

Hartley (1914) concluded from the results obtained in the fractional precipitation of 
anti- cattle-plague serum that the antibodies were contained in the euglobulin. Maitland 
and Burbury (1927) found that the antibodies in the serum of guinea-pigs immunized 
against foot-and-moutb virus were associated with the serum globulin. Weyer, Park 
and Banzbaf (1929) concluded that the antibody of poliomyelitis antiserum was contained 
in the pseudoglobulin, while Morgan and Fairbrother (1930) found the euglobulin the most 
potent. Henseval (1919) found the antibodies of a vaccinial antiserum to be distributed 
throughout the serum proteins, but describes the euglobulin fraction as especially potent, 
Ledingham, Morgan and Petrie (1931) found antibody in both the euglobulin and pseudo- 
globulin fractions of an antivaccinial horse serum ; the highest concentration was in the 
euglobulin, but the greatest absolute amount was in the large pseudoglobulin fraction. 
Laidlaw and Dunkin (1931) found the antibody of distemper antiserum to be confined 
to the globulin fraction ; further study showed that the antibody was associated with 
a globulin fraction that was insoluble in water, but soluble in weak acids or alkalies and in 
water saturated with COg, thus behaving like the pneumococcal antibody described by 
Felton (1925, 1926, 1928). 

The Antigenic Structure of the Viruses. 

The antigenic structure of the viruses has already been discussed in Chapter 41, 
and we need do no more here than draw attention to the effect of antigenic varia- 
tion on the degree of lesnlting immunity. 

Just as there are different serological types of pneumococci, each type acting specifically 
so far as its more important immunity reactions are concerned, so different types of 
certain viruses are known which seem to behave in an analogous manner. At least 
three types of foot-and-mouth virus have been recognized, each of which produces the 
same clinical syndrome in susceptible animals but gives rise to immunity only against 
itself. Several immunologicaUy distinct types of the poliomyelitis virus have been 
demonstrated, which are so sharply defined that the serum of monkeys convalescent 
from one type will not protect against another, and convalescent monkeys immune to 
re-inoculation with the homologous type can be re-infected with a heterologous type. 
Other viruses in which antigenic variants occur are those of vesicular stomatitis, African 
horse sickness, influenza, and the encephalitis group of viruses. 

It is clear that the occurrence of multiple serological types should make us very 
cautious in accepting statements on the effectiveness of the immunity that follows 
a single attack of a particular wus disease. One attack of foot-and-mouth disease 
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does not always protect against a second, because the causal viruses in foot-and- 
mouth disease are not immmiologically identical. The occasional second attacks 
of poliomyelitis that have been recorded (for references see Tlexiier 1937, Howe 
and Bodian 1941) may well have been due to infection with a type of virus different 
from that responsible for the first attack. In influenza the transitory nature of the 
immunity is probably due to a different cause, since persons convalescent from 
infection with one type may be re-infected with the same type a few months later 
(Francis et at. 1944) ; though this does not make it less desirable to pav attention 
to the infecting type in the vaccine prophylaxis of any given outbreak of tlie 
disease. 

Allergy in Virus Diseases. 

The characteristic response to rcinoculation with vaccinia virus affords one of 
the classical examples of an allergic reaction. The typical sequence of events 
after a successful primary inoculation commences with an incubation period lasting 
about 3 days, followed by the appearance of papules at the sites of inoculation on 
about the 4th day. These develop into compound vesicles during the next 5 days, 
become definitely pustnlar about the 10th day, and heal by the well-known scabbing 
process between the 14th and 21st days. If a person who has been successfully 
vaccinated is again injected with calf lymph during the period of waning immunity, 
but before he has again become fully susceptible, the most noticeable feature in 
the local reaction is an acceleration of all stages. The papules appear earlier, 
sometimes within 24 hours ; and vesiculation and pustulation, when they occur, 
are in evidence at a far earlier period than after primary %mccination. Very fre- 
quently, however, the reaction ceases at the papular stage, and this may be so 
transitory as to be missed unless daily examinations are made. In any case, the 
induration round the papules or vesicles is usually far less marked after a secondary 
than after a primary vaccination, and the constitutional symptoms are slighter. 
We have, in fact, the typical allergic combination of accelerated response with 
localization of infection. It wonld appear (Andervont and Rosenau 1930) that 
vaccinia virus killed by heating to high temperatures is capable of producing the 
characteristic immediate reaction with papule formation in persons previously 
vaccinated ; while it has no effect in unvaccinated persons, nor does it produce an 
active immunity. There are, of course, many analogous observations in the case 
of bacterial allergy and hypersensitiveness. 

There is no reason to believe that other virus infections differ from vaccinia in their 
ability to induce the allergic state, though this aspect of antiviral immunity has not yet 
been studied in any detail. A few observations are on record. Thus, Andrewes (1928a) 
records an allergic reaction in rabbits infected with Virus III. Animals that had been 
solidly immunized showed a relatively small local lesion when reinoculated in the testes, 
but no nuclear inclusions were present in these lesions. Partially immunized rabbits 
developed more pronounced testicular lesions, as judged histologically, than did either 
normal or solidly immunized animals. These lesions, however, unlike those produced 
in normal rabbits, were usually free from nuclear inclusion bodies. 

Other Factors in Virns Infections. 

Our knowledge of the interplay of factors other than those we have referred to 
above is very scanty ; but so far as it goes it suggests no fundamental differences 
between the mechanisms involved in antiviral and antibacterial immunity. 

We have seen that the reticulo-endothclial cells are intimately concerned in the patho- 
genesis of the virus infections, and it seems altogether probable that they play an important 
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role in the production of antiviral antibodies. The time relations of the antibody response 
to virus infections would seem to be of the same general type as those that occur in bacterial 
infections, or in active immunization against a bacterial antigen (see Ciuca 1929, Ledingham 
1932). 

It will be remembered (Chapter 44) that Duran-Keynals (1929) described the enhance- 
ment by testicular extract of the skin lesions produced by vaccinia virus in the rabbit — 
a phenomenon which McClean (1930) showed to be due to a “ spreading factor,” later 
identified as hyaluronidase. There is, however, no evidence that the viruses resemble 
some of the bacteria in producing this substance ; so that as far as natural infections 
are concerned the importance of hyaluronidase would appear to be limited to the theoretical 
possibility of a mixed infection by a virus and a hyaluronidase-producing bacterium. 

A series of observations by M. Maitland (see Report 1928) on the factors determining 
the localization of the virus in experimental foot-and-mouth disease in the guinea-pig are of 
considerable interest. Seeking an explanation of the limitation of the vesicles to the mouth 
and the hairless part of the feet, she transferred strips of hairy skin to the soles of guinea- 
pigs’ feet and found that vesicles developed in the hairy skin so transferred, whether the 
virus was injected directly into it or introduced elsewhere in the body. She also showed 
that, when virus was inoculated intramuscularly, vesicles failed to appear on the sole of 
one hind foot, if that foot was protected by cotton-wool and a bandage. On the un- 
protected feet vesicles appeared as usual. Again, when the bottom of the cage was made 
of wire mesh, the pressure on the toes and anterior part of the feet resulted in the 
appearance of vesicles on these parts, though they are not the usual sites of vesicle formation. 

It may perhaps be noted that transmission of virus diseases from the mother to the 
foetus or to the new-born child is believed to be very uncommon. According to Levine, 
BuUowa and Scheinblum (1943), who have summarized the evidence, a few cases of infection 
in utero with varicella, measles, and smallpox have been recorded. Goodpasture (1942) 
has shown that the placental membrane is impermeable to a number of viruses. On the 
other hand, specific antibodies are known to reach the human foetus. This was first 
demonstrated by Fildes (1915) for syphilitic immune bodies, and has subsequently been 
proved to hold true for virus diseases such as measles, chicken-pox, poliomyelitis, and 
influenza (for references, see Levine et al, 1943). 

Useful reviews, which have been freely drawn on in the writing of this chapter, 
have been published by Bedson (1937), Burnet, Keogh and Lush (1937), Andrewes 
(1939), and Rivers (1943). 


SUMMARY 

It is perhaps a fair summary of the evidence presented in this chapter to suggest 
that it is compatible with the view that there is no essential difference between 
the mechanisms involved in antiviral and antibacterial immunity. In so far as 
immunity to virus infections is more effective than immunity to bacterial invasion, 
it seems possible that the difference is due rather to the greater limitations imposed 
on the virus by its habit of intracellular parasitism than to any special reaction on 
the part of the host. 
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CHAPTER 56 

HERD INFECTION AND HERD IMMUNITY 

In the preceding chapters we have taken as our host unit the individual man or 
animal It is clearly possible to work with a different unit— the herd. If we wish 
to study the epidemic spread of infection, and the factors that favour or prevent 
it, then it is with this larger unit that we must deal. 

The herd, like each of its members, has a characteristic structure ; and this 
structure, from our present point of view, includes not only the hosts belonging 
to the herd species, and their spatial relationships to one another, but the presence 
and distribution of alternative animal hosts and possible insect vectors of infection, 
as well as all those environmental factors that favour or inhibit the spread of in- 
fection from host to host. This herd structure, apart altogether from the suscep- 
tibility or resistance of the individual hosts, may play a decisive part in the immunity 
of the herd as such. A herd may be immune to a particular disease — in the logical 
sense that it will resist the introduction of infection from without— although each 
of its members is fully susceptible, and would fall an easy victim if he strayed to 
a herd with a structure that allowed an endemic prevalence of the disease in question. 
In this sense the English herd is immune to plague ; because the association of 
man, the rat and the flea is not now of a kind to allow spread along natural routes. 
It is probably immune to cholera, as the result of an adequate system of water 
purification. It is not— nor does it seem likely to become— immune to any of 
those diseases that are spread by droplet infection. It would take us altogether 
beyond our present scope to consider the known or problematical effects on herd 
resistance of such changes in environmental conditions ; but we may at least note 
that many of the most striking successes of preventive medicine have been attained 
by altering herd structure without inducing any increased resistance in its indi- 
vidual members. By attacking insect vectors of infection, such as the mosquito, 
by preventing the frequent passage of bacteria from one person’s intestine to 
another personas mouth by way of water and food, and by a general improvement 
in environmental conditions, we have succeeded in eliminating, or reducing to 
negligible proportions, diseases that formerly took a heavy toll of lives, and still 
take that toll in areas where such measures are not applied. 

The type of herd immunity with which we are here concerned is that in which 
this freedom from the spread of infection has not yet been attained, so that contact 
with the bacterial parasite is at least an occasional event in the normal experience 
of the host species. Under such conditions the course of events in any infected 
herd will be determined mainly by the distribution of the parasite and the dis- 
tribution of those kinds of specihe immunity that we have considered in earlier 
chapters. Intelligent interference with the course of events is impossible without 

a clear idea as to what is actually happening. 
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We maywrecognize, in tlieory, at least six categories of liosts among any infected 
herd. Four of tkese categories include individuals who are themselves infected, 

(1) the typical case, (2) the atypical case, (3) the latent infection, and (4) the healthy 
carrier ; while two categories are not themselves infected, or infective, (5) the 
uninfected immune and (6) the uninfected susceptible. The division between 

(2) , (3) and (4) is formal rather than actual — these conditions shade into each other 
by imperceptible degrees. It is doubtful whether the division between (3) and (4) 
is justifiable even for convenience of description, since many, perhaps most, of 
the class commonly described as healthy carriers are in reality suffering from a 
symptomless, and often negligible, infection. It may be noted that the individuals 
falling in categories (3) and (4) are in general, though in a very varying degree, 
resistant to further infection from without; so that the only fully susceptible 
hosts at risk are those in class 6. 

Fig. 268 may help the student to visualize the kind of distribution, both of 
infection and of immunity, that may be met with in infected herds under different 
epidemic conditions. No distinction has been made in the diagram between latent 
infections and healthy carriers. A few arrows have been introduced to indicate 
the direction of effective spread — effective in the sense of producing new cases of 
disease or in converting susceptibles to immunes. As we shall see, an epidemic of 
an infective disease is usually accompanied by an epidemic of symptomless 
immunization. 

In this figure, A may he taken as an example of an epidemic phase in an endemic- 
epidemic prevalence, that is, as representing the state of affairs during an outbreak 
of an infective disease from which the affected herd is never completely free, 
epidemics of varying severity recurring at more or less frequent intervals. B may 
be regarded as a later stage of A, or as a small epidemic wave occurring in a herd 
in which susceptibles are few, while carriers are frequent. 0 may be taken as 
representing the state of affairs during a severe epidemic occurring in a herd with 
little initial immunity. An extreme example of this catastrophic type of pre- 
valence has occasionally been afforded by the introduction of such a disease as 
measles into an isolated island community that has either never experienced the 
infection before, or has been free from it for many years. D may be regarded as 
representing a stage of relative quiescence between two outbreaks of the type 
depicted in A. It wiU be noted that the proportion of susceptibles is higher than 
in A or B, and with such a distribution as this a fresh outbreak of the A type is 
likely to occur. 

As an illustration of the types of distribution depicted in A, B and D, no better 
example could be selected than that of diphtheria. We are here dealing with a 
disease that is essentially a toxsemia ; and, as we have seen, an effective antitoxic 
immunity will in this case protect the host against clinically detectable infection 
In the Schick test we have a method which allows us to divide the members of any 
herd into susceptibles and immunes. Except in the case of very young children 
a negative reaction may be taken as an indication that an individual has something 
over 0-01 A.U. of antitoxin per ml. of circulating blood, and also that he wiU pro- 
duce further antitoxin brisHy and effectively in response to any entry of toxin 
into his tissues. We may, if we wish, obtain a more exact picture of the distribution 
of antitoxin, by collecting samples of blood and titrating them by a modified 
Homer technique (see Jensen 1933). By swabbing throats and noses, and testing 
the virulence of any morphologically typical diphtheria bacilli cultivated, we can 
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determine witli some approach to accuracy the distribution of the parasite among 
the hosts at risk ; and we are thus in a position to give a description of the course 
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of events in any particular community that is vastly more informative than we 
can at the moment supply for most other diseases. 

It has of course long been recognized that the diphtheria bacillus is not con- 
fined to those who are suffering from the clinical disease in its typical form. It is 
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frequently isolated from cases of mild sore throat associated with an epidemic of 
typical diphtheria, less frequently from healthy contacts, and still less frequently 
from non-contacts. 

Kober (1899) records the isolation of diphtheria bacilli from 70 per cent, of 139 contacts 
who were themselves suffering from mild sore throat, and from 8 per cent, of 123 contacts 
who had apparently normal throats. Closeness and continuity of contact, here as in 
other diseases, have a considerable influence on the carrier rate. The collected figures 
recorded in the Medical Research bounciFs monograph on diphtheria (see Monograph 1923) 
show a 15 per cent, carrier rate of virulent diphtheria bacilli among 610 contacts in barracks 
or hospital wards, a 7 per cent, carrier rate among 10,883 home contacts, and a 0-6 per cent, 
carrier rate among the general non-contact population. 

As a measure of the risk to which an ordinary urban population is submitted we may 
take the carrier rate of virulent diphtheria bacilli among children attending the elementary 
schools in and about London. During the third decade of the century it fluctuated between 
2*5 per cent, and 5 per cent, (see Dudley 1923, Forbes 1927). 

The events that follow the passage of virulent diphtheria bacilli from the throat 
of a case, or of a carrier, to the throat of a non-infected person will depend on the 
immunological condition of the recipient. If he is susceptible (Schick-positive) 
he will either respond by developing antitoxin and so becoming more resistant, 
and eventually Schick-negative, or else he will develop clinical diphtheria. Hence 
Schick-positive carriers of virulent diphtheria bacilli are very rare. They are not 
non-existent — they cannot be if we accept the view that the transition from the 
susceptible to the immune class is usually the result of latent infection — but we 
may take it that a person who is carrying virulent bacilli in sufficient number to 
be detectable by an ordinary swabbing is {a) immune (Schick-negative), or (&) under- 
going rapid immunization to the Schick-negative level, or (c) incubating the disease. 

If, then, we take the case of a relatively isolated community, such as a large 
boys’ school, and trace the spread of infection and the development of immunity 
during an epidemic of diphtheria, we shall observe the following sequence of events. 

At the start We may suppose that we have 50 to 70 per cent. Schick-negative 
immunes and 30 to 50 per cent. Schick-positive susceptibles. Among these boys 
there will be a certain number of carriers of virulent diphtheria bacilli, say 3 per 
cent. ; these will be immunes. 

When these bacilli spread to uninfected boys they may obtain lodgment either 
in a susceptible or in an immune ; and, depending on the dose of bacilli transferred, 
the exact degree of immunity of the recipient and many other factors of which we 
have as yet no knowledge, they may bring about any of the following transfor- 
mations. 

Frequently : 

{a) Schick-positive susceptible— > case (mild or severe). 

(h) Schick-positive susceptible — > Schick-negative immune 

(а) without detectable carrying, 

(б) with detectable carrying. 

(c) Schick-negative immune— Schick-negative immune carrier. 

Very rarely : 

(d) ScHck-positive susceptible— > Schick-positive carrier. 

(e) Schick-negative immune— > mild “ bacteriological ” case. 
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As an illustrative example of the findings that have actually been recorded in work 
of this kind, we may cite the illuminating studies of Dudley ( 1923, 1926, 1932; on diphtheria 
prevalence during a series of years m the Royal Sfaval School at Greenwich, a seliool of 
some 1,000 boys. 

Between January and May 1919~the period at vhioh Dudley’s record starts— there 
were 65 cases of diphtheria. From then onwards until May 1921 there were no cases. 
Between May and July of that year 20 cases were recorded, and in the Septomber-to- 
December term the outbreak reached epidemic proportions, with T7 oases. Between 
January and April 1922, 831 of the boys were Schick-tested. The results obtained are 
summarized in Table 84. 


TABLE 84 

Showing Relation between Sohiok Reaction and Previous Expebienxe among Buys 

TESTED January to April 1922. 


Previous Eesi deuce in School. 

Experienced 

j 

Experienced 

Per cent. Immune 

j 

1919 Epidemic. 

1921 Epidemic. 

( Sehich-iiegatu e j 

None (new boys) . . . i 

No 

No 

58 

6 months-2 years 

No 

Yes 

So 

Over 3 years 

Yes 

1 

Yes 

95 


The relation between experience and immunity is obvious. Moreover, the fluctuations 
in the immunity rate as plotted by terms of entrance wxre discontinuous. For entrants 
during the four terms September 1917 to September 1918 inclusive the percentage giving 
negative reactions in 1922 were 100 per cent., 92 per cent., 100 per cent, and 98 per cent, 
respectively. For the entrants during the period May 1919 to May 1921 inclusive the 
rates by terms of entrance were 82 per cent., 90 per cent., 82 per cent., S5 per cent., 
83 per cent., 82 per cent, and 86 per cent, as compared with the 58 per cent, in boys 
joining in January 1922. It would appear that there had been two waves of immuniza- 
tion in the school, coinciding with the waves of clinical infection. 

A sample swabbing of the school during the latter part of the 1921 epidemic showed 
28 carriers of diphtheria bacilli in addition to the 77 cases. During the period January to 
July 1922 the carrier rate for virulent diphtheria bacilli was 2-2 per cent., during September 
to December of the same year it rose to 4-5 per cent., and during this period cases 
of diphtheria were still occurring. But immunization of susceptibles w^as proceeding 
synchronously with the spread of clinically detectable infection. Of 88 boys who had given 
positive reactions on first testing 24 reacted negatively W'hen retested 3 months later. 
Similar findings are recorded for later years, with carrier rates of virulent diphtheria bacilli 
varying from 1*0 to 4*5 per cent., and with recurrent cases of diphtheria that never attained 
the epidemic frequency of September to December 1921. Thus of 35 Schick-positive 
entrants in March 1924, 13 had become negative within 4 months ; and 2 years^ residence 
in the school had increased the 58 per cent, immunity rate of the new boys entering in 
January 1922 to 84 per cent. It may be noted that this rapid immunization was confined 
to the boarders, forming the population of about 1,000 to which all the figures quoted 
above refer. There were at the school some 120 day boys, W'ho did not share in the 
continuous exposure to risk of infection experienced by the boarders. Among these the 
rate of immunization was relatively slow. Over a 4-months period only one of 24 
Schick-positive day boys became Schick-negative. 

The increasing ratio of carriers to cases as a herd becomes more and more immune is 
well illustrated by the case rates and carrier rates in one group of some 160 boys during 
the winter term of 1921 and the winter term of 1922. 


Case Eate. 

7 per cent. 
0*6 „ „ 


Carrier Eate. 
2 per cent. 
6 ,, ,, 


P.B. 


1921 

1922 




TT 
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In 1921 during a severe epidemic, following on a period in wkicli the school had been free 
from diphtheria for 2 years, the spread of virulent bacilli produced 3-5 cases to one carrier ; 
in the wmtev of 1922 after tiiis severe exposure, and in spite of the entrance of 43 new boys 
during the post-epidemic period, the spread of infection produced 10 carriers to one case. 

In judgin'^ the significance of such figures we must remember that the real carrier: case 
rate over any considerable interval of time is always higher than that given by comparing 
the recorded case rate with the recorded carrier rate over that period— a pouit stressed 
by Dudley (1932). All clinical cases of diphtheria will he recorded. A case rate of 
3 per cent, per annum in a particular community means that 3 persons in every hundred 
of those exposed to risk develop diphtheria during the year in question. But a carrier 
rate of 7 per cent, does not mean that 7 per cent, become carriers during the year ; it 
means that at any one swabbing of an adequate sample 7 persons in each hundi^ed are, 
on the average, found to be harbouring diphtheria bacilli. The total number of persons 
that become earners during the period in which the three cases of diphtheria occur will 
be much higher. Thus, over one yearly period, Dudley records an average carrier rate 
of 6-G per cent, with small fluctuations above or below this level ; but repeated swab- 
bing (7—8 times) of a large sample of boys showed that at least 40 per cent, were harbouring 
the diphtheria bacillus at one time or another during this period. 

The general significance of the picture presented by such studies as these is clear enough ; 
but we must remember that the two categories — immunes and susceptibles — that are 
divided from one another by simple Schick testing present a very incomplete picture of 
the graduations in resistance that actually exist in a herd at risk. Glenny (1925) defines 
five grades of immunity, which are set out in Table 85. These are, of course, not exhaus- 
tive ; nor are they sharply demarcated from one another (see also Parish and Wright 1938). 


TABLE 85 

Showing Varying Grades oe Resistance to Diphtheria. (After Glenny.) 



Group. 


1 

2 

3 

4 

5 

Schick test . 

_ 

4* 

-h 

+ 

4- 

Antitoxin in blood . 

> 1/30 A.U. 

< 1/30 A.U. 

0 

0 

0 

Earlier stimuli . 

Many 

Many 

Many 

Few 

None 

Response to further 






stimuli .... 

Rapid 

1 Rapid 

Rapid 

Slow 

Very slow 

1 Description . 

Immune 

Immune 

Potentially 

Sub- 

Fully 

i 

1 


j 

immune 

immune 

susceptible 


If we could elaborate our study of a population at risk by estimating at regular inter- 
vals the exact amount of antitoxin in each person’s circulating blood ; and if, dealing 
with a very large population, we could withdraw an adequate sample of persons at frequent 
intervals and determine the response of each Schick-positive person to small injections 
of toxoid, we should be able to build up a far more detailed picture of what was really 
happening. Adopting Glenny’ s classification, we should be able to detect the transforma- 
tion from the fully susceptible to the sub-immune, and thence through the Schick-positive 
immune to the fully developed Schick-negative immune, as well as transference from the 
Schick-positive to the Schick-negative class. 

Out rare Schick-positive carriers would he found in the immime or potentially immune 
sub-groups, and would rapidly pass into the Schick-negative class. We should almost 
certainly find that severe cases tended to arise from the fully susceptible S chick-positives, 
mild “ bacteriological ” cases from the sub-immunes or potentially immunes. 
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A point of great importance is the reaction of the Schick-immunes to the recep- 
m of virulent diphtheria bacilli. We know that they very rarely contract clinical 
phtheiia, and then only in a mild form. We know that many of them lieeome 
rriers. Is a point reached in natural immunization at which a person resists 
rrier infection as well as infection in the clinical sense ? Can we grade our Schiek- 
imunes as we grade our Schick-susceptibles, putting at the lower end of the scale 
Lose who have just attained to the Schick level of immunity, and at the upper end 
■ the scale those who are so resistant that virulent diphtheria bacilli are unable 
» gain lodgment in their throats ? If a human herd is rendered 100 per cent. 
3 hick-negative, either by natural immunization or by prophylactic inoculation, 
ill infection with the diphtheria bacillus be eliminated in the bacteriological sense, 
r will a freedom from clinical diphtheria be associated with a persistent carrier rate 
ot much below that of the population at large, and perhaps with carrier epidemics ? 
3 complete immunity, of the kind that would render a herd entirely free from in- 
3ction, likely to be attained by immunization of this kind, however far it is pushed ? 

These questions have been answered to some extent. In America and Canada, 
xtensive immunization of children has resulted in a significant reduction of clinical 
[iphtberia in the community treated, and in some cases the disappearance of the 
lisease (see Eussell 1943). The effect of immunization on the carrier rate appears 
.0 vary with the population. In small institutional communities, for example, 
mmunization may be followed by a decline of clinical diphtheria and a rise in the 
jarrier rate. In larger, more open communities, the increase in the number of 
Schick-immunes is not accompanied by an increase in the carrier rate (see, for 
3xample, Fitzgerald et al. 1938). These issues are fully discussed in Chapter 61, 
but we may note here, that in so far as we are dealing with a purely antitoxic 
immunity — and this is the case in our artificial Schick-immunes—we should not 
expect freedom from the carrier state unless successful lodgment in the throat 
depended on a local toxic effect. In so far as our natural Schick-immunes possess 
an antibacterial as well as an antitoxic immunity we must remember that the 
diphtheria bacillus is separable into many antigenically different types, though 
all types produce the same toxin (Durand 1918, 1920, Havens 1920, Smith 1923, 
Eagleton and Baxter 1923), so that we should expect any antibacterial immunity 
to be type-specific. Moreover, it is very doubtful whether the mechanisms dis- 
cussed in Chapter 47 would have any appreciable effect in preventing a localized 
tonsillar infection. 

Scarlet fever is another disease in which, by the aid of the Dick test and the 
examination of throat swabs for haemolytic streptococci, we can obtain information 
of the same general kind as that now available in the case of diphtheria ; but we 
have not yet any records comparable in detail and duration with those afforded 
by Dudley’s work at Greenwich. So far as our fragmentary records go they look 
like pieces of a very similar picture, with one essential difference. The production 
of the erythrogenic toxin forms a relatively small part of the pathogenic poten- 
tialities of heemolytic streptococci ; and an antitoxic immunity that will suffice 
to prevent the occurrence of the clinical syndrome that we label scarlet fever will 
not suffice to prevent the spread of tonsillitis, or of other clinically obvious strep- 
tococcal infections (see Okell 1932). For effective immunity against all the clinical 
manifestations of infection with hsemolytic streptococci we need an antibacterial 
as well as an antitoxic immunity ; and this antibacterial immunity will almost 
certainly be type-specific. 
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Turning to diseases in whicli antitoxic immunity, in the strict sense in which 
we are using that term, plays no apparent part, we are not in a position to give 
any adequate description of the course of events in a naturally infected herd. 
This is because we have no such simple tests as the Schick and Dick reactions by 
which to separate our immunes from our susceptibles. There are good reasons 
for believing that by an adequate survey, including a careful study of the 
distribution of the infecting organism and tests for the presence of specific anti- 
bodies in the blood of the hosts at risk, we could add greatly to our knowledge 
of what is happening during an endemic or epidemic prevalence. But we have 
not got that knowledge yet. 

Some things we do know. We know that in certain diseases, such as cere- 
brospinal meningitis, the ratio of carriers to cases is very high (see for instance 
Glover 1918), so that it seems probable that the immunes greatly outnumber the 
susceptibles. The same general relationship — a widespread carrier epidemic 
associated with relatively few clinical cases — seems to hold in certain virus diseases, 
such as poliomyelitis and encephalitis lethargica. 

In other diseases, such as typhoid fever, the ratio of carriers to cases is not so 
high (see Chapter 69). But we know that atypical cases of typhoid fever occur 
during an epidemic, and that many carriers of typhoid bacilli give no history of 
ever having suffered from a typhoid-like disease. It is a fairly safe assumption 
that an endemic or epidemic prevalence of typhoid fever is associated with the 
occurrence of sub-clinical immunizing infections. We know quite certainly that 
such a prevalence leaves behind it infected healthy carriers who may be a potent 
source of further spread. 


THE EXPERIMENTAL STUDY OF HERD INFECTION AND 

IMMUNITY 

It is clearly possible, by selecting a convenient host species and a parasite that 
spreads naturally among them, to submit problems of the kind we have considered 
above to direct experimental study — initiating an epidemic of a particular disease 
among our test population, and stud3ning the reactions of new entrants, of old 
members of the herd, or of migrants from one herd to another, by any available 
means (see Greenwood et at 1936), We can, under such conditions, observe the 
effects of any intentional interference we choose, splitting a herd into smaller 
units, reaggregating these units after any selected interval, varying the rate of 
immigration of susceptibles, actively immxmizing some or all of our animals by 
vaccines of different kinds administered by different routes, and so on as new 
problems suggest themselves for attack. In this way we gain enormously in an 
increased control over many of our unknown variables ; but we lose, in so far as 
we wish to argue from our experimental herds to happenings in the natural world 
outside our cages, by having to rely on analogies that are certainly incomplete, 
and may well be misleading. Because our control is still far from complete we 
must use large numbers of animals and make constant use of statistical methods 
in trying to assess the meaning of our results. We must, therefore, use a small, 
easily controlled and relatively inexpensive animal, and the mouse fulfils these 
requirements. Experiments of this kind have been carried out during a number 
of years, in England and in America, on mouse typhoid — caused by infection 
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with Balm. ^ typhi-^murium or less frequently with 8ahn. enter itidis-~~, on mouse 
pastenreliosis, and on a virus disease known as ectromelia* The American workers 
have also studied the spread of infection among rabbits and fowls housed in labor- 
atories, or maintained as breeding stock by dealers. It will be convenient to 
consider the data thus obtained in direct relation to the observations on human 
herds, noting carefully the points at which particular caution must l:ie exercised 
in applying the argument from analogy and in generalizing from an i>oiated 
experience. 

Is there, in the spread of mfection among mice, the same distrihutioii of typical ca?p.% 
atypical cases, latent infections and carriers, and the same natural immunization 
associated with natural mfection, that occurs among human herds ? 

In the particular case of mouse typhoid— -and almost certainly in other epidemic 
infections — it is quite certain that the great majority of the mice at risk are infected 
by the bacterial parasite at some period or other during a prolonged epidemic 
prevalence. 

In a particular experiment (Topley, Ayrton and Lewis 1924) 5 mice were fed on a 
culture of Balm, typhi-murium. As soon as they were found to be excreting the bacillus 
in their faeces, 20 normal mice were added, and thereafter 1 normal mouse was added to 
the cage each day for 115 days. The faeces of every mouse were examined on 6 days a 
week during the course of the experiment ; each mouse that died was examined baeteno- 
logically, and at the termination of the experiment all surviving mice 055 in number i 
were killed, cultures were taken from their spleens, and their blood was tested for agglu- 
tinins. The existence of non-fatal, and apparently mild or trivial, infections wms clearly 
demonstrated. Some mice that excreted Balm, typhi-murium on several occasions remained 
in apparent health during the whole period of their residence in the cage. IThen these 
were killed at the end of the experiment some gave negative spleen cultures and showed 
no agglutinins in their blood, others gave negative spleen cultures hut possessed agglutinins, 
others gave positive spleen cultures with or without agglutinins in the serum. Taking, 
as criteria of infection, death from the infective disease, excretion of the organism in the 
fseces, and the isolation of the organism, or the demonstration of agglutinins, in the surviving 
mice, it was found that of 128 mice which had resided in the cage for periods of 14 to 
115 days, 122 had become infected. Of these infected mice 46 were surviving in apparent 
health on the day when the experiment terminated, but 25 of them (54*3 per cent.) w^ere 
found to be harbouring Balm, typhi-murium in their spleens. The collected figures for eleven 
different epidemics of mouse typhoid, lasting from 60 to 117 days, show that of 267 surviving 
mice 190 (71*2 per cent.) were latently infected (Topley 1926). 

Similarly (Greenwood et al. 1936), the results obtained in experiments with the virus 
disease, ectromelia, indicated that some 80 per cent, of the mice entering the herd were 
infected with the virus within three weeks of entry. 

The way in which the bacterial parasites are distributed among the hosts at 
risk is then of the same general kind as obtains in natural epidemics in man, differing 
mainly in the fact that fewer hosts escape infection. Is there any evidence that 
the spread of infection results in immunization as well as, or in place of, the pro- 
duction of overt disease 1 That survivors from an epidemic are, on the average, 
more resistant than new-comers to an infected herd is certain ; for they live longer 
— usually much longer — ^when exposed to a subsequent wave of mortality (Topley 
1921, Amoss 1922). 

This increase in resistance with increasing herd experience under epidemic 
conditions can be studied in greater detail by constructing life tables for the mice 



1254 


HERD IMMUNITY 


submitted to risk of infection during a long-continued prevalence of sucli a disease 
as mouse typhoid. It is convenient in calculating the expectation of life to limit 
it to 60 days, regarding any mouse living for longer periods as dying on the 60th 
day, since the use of the unlimited expectation of life gives undue weight to the 
relatively few mice that live for much longer periods, and also because we have a 
normal standard of comparison for the shorter period, but none for the latter. 

Employing this value (qqE^) we find in a particular experiment, in which 3 normal mice 
were added to an infected herd each day from March 6th, 1921, to June 30th, 1923, that 
the limited expectation of life drops slightly (from 22*49 to 21 days) during the first week 
of herd life and then rises, at first slowly, but more steeply after the 15th day, until by 
the 33rd day it reaches the figure of 34*75 days. It fluctuates round this figure up to the 
100th day of herd residence ; after which the numbers of survivors arc too small to give 
a reliable average. In general then, we may say that a mouse that has survived about 30 
days’ exposure to risk will live more than half as long again as a new-comer to the cage 
(Greenwood and Topley 1925, Greenwood et al, 1936). 

We can ask the same question in another way, using a direct experimental comparison 
instead of a life table. In a particular experiment (Greenwood, Newbold, Topley and 
Wilson 1926) in which mouse pasteurellosis was the infection selected for study, two parallel 
epidemics (A and B) were initiated on November 11th, 1924, and were maintained by 
the addition of normal mice until December 1925. At regular intervals groups of mice 
that had survived for 10, 20, 30, 40, 50 days or more in Herd A were transferred 
to Herd B, and with them were added a numerically equal group of normal mice that had 
had no previous experience of pasteurellosis. Averaging the results, the figures shown 
in Table 86 were obtained: 

TABLE 86 


Length of Life in Herd A. j 

Expectation of Life in Herd B 
(co-®*)* 

Nil (normal entrants to B) 

22*37 ± 0*36 days 

10 days 

21*34 ± 1-10 „ 

20 

25*50 ± 1*13 „ 

30 

32*55 ± 1*28 „ 

40-45 days 

33*08 ± 1*52 „ 

! 50-60 „ 

37*39 ± 1*69 „ 


Here, again, survival through a testing period of 30 days or more added some 50 per 
cent, to a mouse’s expectation of life under severe epidemic conditions. 

But clearly we cannot, in the absence of further evidence, assume from such 
results that the mice have been actively immunized. We are dealing with fatal 
diseases, and natural selection has certainly been at work. In the mouse typhoid 
experiment, of every 1,000 mice living on day 0 (their day of entry to the herd) 
only 256 survived for 30 days. Death had by then removed some 75 per cent, 
of those at risk ; and, if no active immunization had occurred, the surviving 25 
per cent, would have a higher average resistance than new-comers to the herd, 
assuming only that the natural resistance of mice difiers inter se, and that this 
difference plays some significant part in determining survival during the filrst 
30 days — an assumption that may be very safely made. Webster and his col- 
leagues (see Webster 1923a, c, d, 1924a, b, 1926, Pritchett 1925, 1926) consider 
that this natural, inborn resistance is the dominant factor in determining death 
or survival during an epidemic. That it plays some part there can be no reason- 
able doubt, but there are reasons for doubting its dominance, and for believing 
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that active immunization is exerting an effect similar in kind, if less in degree, to 
that exerted in the spread of diphtheria in man. 

Tims {Greenwood et al. 1926, 1928, Newbold 1927), if the method of partial correlation 
is applied to the data for mouse typhoid and mouse pasteurellosis, and correlation co- 
efficients are calculated for : (A) length of after-life and length of previous exposure, keeping 
constant the death rate during previous exposure and the death rate during after-life and 
(B) length of after-life and death rate during previous exposure, keeping constant the 
length of previous exposure and the death rate during after-life, we get the figures set 
out in Table 87. 


TABLE 87 




Nature of Epidemic. 


Coefficient. 

Pasteurellosis. 

Pasteurellosis. 

Mouse Typhoid. 


(1) 

(2) 1 

A ' 

0-194 ± 0-016 

1 

0d50 ± 0*015 

0*307 ± 0*014 1 

B 

0-029 ± 0-017 

1 - 0*018 ± 0*016 

- 0*282 ± 0*014 


Coefficient A is positive and significant in all cases, indicating that the longer a mouse 
has survived within limits under constant conditions as regards death rate, the longer 
it will continue to survive under continued exposure to infection. Coefficient B is insignific- 
ant in the two pasteurellosis experiments, significant but negative in the mouse typhoid 
experiment, indicating that, with equal lengths of exposure to risk, the survivors from a 
period of high mortality have no significant advantage over the survivors from a period 
of lower mortality. This latter findmg clearly suggests that the elimination by death of 
the more susceptible mice is not a very important factor in raising the average resistance 
of the survivors, while the advantage derived from prolonged exposure at a constant death 
rate is compatible with the view that active immunization is important. The exact 
significance of these results is, however, uncertain. It is probable that some at least 
of the mice emerging from a period of high mortality will already be suffering from an 
infection which will cause their death in a few days or weeks, apart altogether from any 
subsequent risks, while it may be that fewer of the mice emerging from a more prolonged 
exposure to a lower rate of herd mortality are in this particular position. 

The probability that active immunization is an important factor is, perhaps, increased 
by the observation that, in the transfer experiment with pasteurellosis, mice that had 
lived in herd A only during periods of low death rates — less than one-third the average 
death rate for the whole epidemic period — still showed a marked advantage over normal 
mice on transference to herd B. The limited expectation of life of those normal immigrants 
that entered herd B on the same days as these particular groups of migrants from herd A 
was 20*9 0*4:9 days, for those migrants that had spent 50 days in herd A it was 34*6 4* 10 
days. 

It may be noted also that such evidence as is available (Topiey, Wilson and Lewis 
1925, Greenwood and Topiey 1925) indicates that the increased resistance gained by 
survival in an infected herd, or after experimental infection by feeding or inoculation, 
is specific in the ordinary bacteriological sense. A mouse that has survived infection with 
8alm, typhi-murium appears to be no more resistant than normal mice to infection with 
Pasteurella muriseptica* This, of course, accords well with epidemiological experience in 
general, hut not with the view that the determining factor in increasing the average resist- 
ance of a herd at risk is the selection by the sieve of death of those individuals possessing 
an innate non-specific resistance. If differences in innate resistance are of major importance 
it would appear that they must either be specific or must be differences of immunizabiiity 
rather than of immunity. 
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Whether or not active immunization is the main factor that determines the 
increased average resistance of surviving mice, the grade of antibacterial immunity 
produced can excite little enthusiasm. 

As stated above, the expectation of Hfe limited to 60 days was selected in these and 
subsequent experiments in part because there is an available standard of reference for 
this period (Greenwood, Topley and Wilson 1931?)). On October 4th, 1929, 20 normal 
mice were assembled in a cage of the same type as that used in all epidemic experiments. 
From then onwards until January 17th, 1930, daily additions of normal mice were made, 
and the herd was then observed until May 27th, 1930. The 329 mice of this experiment 
were living under exactly the same conditions as the infected herd, except that no infection 
was present at any time during the period of observation. Of these 329 mice 66 died. 
The limited expectation of life, as was to be expected, remained practically constant at all 
cage ages from day 0 to day 170 — the last day for which figures were available. The 
West figure was 56-69 days, the highest 59*27 days. The figure rose slowly from 
just under 57 days on the day of entry to over 68 days on the 40th day of cage life — presum- 
ably as the animosities of first acquaintance were replaced by the toleration of later herd 
life and fighting grew less frequent. Thereafter it hardly varied. 

Taking a figure of 58 as our normal natural 

immunization against mouse typhoid or mouse pasteurellosis can do — so long as 
surviving mice are exposed to a continuous risk of heavy infection — is to raise the 
expectation of life from a little under a half to a little over two-thirds of the normal 
figure. This is a very different picture from that presented by our study of diph- 
theria in man — even allowing for the fact that in the latter case we are dealing 
with a disease of relatively low fatality. Either mice differ in some fundamental 
way from men ; or the conditions in mouse cages differ fundamentally from those 
in schools and institutions — an obvions possibility ; or natural immunization against 
enteric infection or against pasteurellosis is less efficient than natural immunization 
against diphtheria or scarlet fever. Perhaps, though by no means certainly, this 
might be expanded to the conclusion that natnral antitoxic immunization is much 
more effective than natural antibacterial immunization. 

There is no known disease of mice that presents any close analogy with such 
toxsemic human infections as diphtheria and scarlet fever ; but the description 
by Marchal (1930) of a natural virus disease of mice — ectromelia — that gives rise 
to severe and fatal epidemics under experimental conditions has afforded an oppor- 
tunity for the study of natural immunization against a virus infection. The results 
obtained present a striking contrast to mouse typhoid or mouse pasteurellosis 
(Greenwood al. 1936). 

Adopting the same plan of starting an epidemic in a herd of mice and thereafter adding 
3 mice a day, two epidemics of this disease have been observed over a period of some 
18 months. Applying the ordinary life-table method it was found in one of these epidemics 
— the results in the other were entirely analogous — ^that the limited expectation of life 
entry to the infected herd was 30*71 days. It fell until the 7th day when it was 
25*39 days, this fail obviously depending on the average time taken to contract infection. 
From then onwards the value rose ; but instead of reaching a maximal value in some 
30 days at a figure fax below the normal expectation of life it continued to rise until, on the 
100th day after entry, it had reached the figure of 54*69 days, and thereafter fluctuated 
slightly above and below this value over a period of some 15 months. In other words, 
instead of experience and survival in the infected herd resulting, at the best, in an expecta- 
tion of life of some two-thirds of the normal span, those mice that lived through some 
3 months or more of the epidemic prevalence had an expectation of life little inferior to 
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til© normal value of 58 days, though, they continued to live in a herd in which the 
specific infection was causing a high and continuous death rate. 

A more prolonged experience of the same epidemic prevaieiiee has shown that 
waves of exceptionally high mortality occur duriiig which many of the nhl survivors 
succumb ; but this fact does not abolish the dgnificance of the marked difference 
in behaviour between a bacterial and a virus infection over epidemic periods that 
last through a large part of the lifetime of a normal mouse. It ^eems fairly clear 
thatj even under conditions of severe and continuous exnosure to infection, a 
mouse can develop a relatively effective immunitv to ecTromeiia. 

How far may the course of events m an infected herd he wodifed by ihr arhfrlal im- 
munization of some or all of the hosts at risk ? 

We shall discuss in later chapters the evidence with regard to the etlicacv of 
different kinds of prophylactic vaccination in human herds. So far as experi- 
mental epidemiology is concerned we can, at the moment, attempt an answer only 
in mouse typhoid and, with far scantier data, in ectromelia. 

It is quite certain that active immunization with a killed culture of Saht^. typhi- 
murium will increase the resistance of mice to that organism ; and although some 
of the earlier observations (Loeffler 1906 , Wolf 1908 , Yoshida 1909, Briickner 1910, 
Webster 1922 , Ornstein 1922 , Neufeld 1924 , Lange and Yoshioka 1924) suggest 
that the immunity obtained in this way is relatively poor and inconstant, repeated 
trials with considerable numbers of mice, and with carefully adjusted doses of 
vaccine and of living culture, indicate that a quite significant increase in resistance 
can regularly be obtained (Topley 1929 , Topley, Wilson and Lewis 1925). 

Thus, in one experiment, 50 mice were immunized by two intraperitoneal injections 
of 5 X 10® Balm, typhi-munum killed by formalin and heat. A week after the second 
injection these 50 immunized mice, together with 50 normal controls, were injected iiitra- 
peritoneally with 1,000 living Salm. iyphi-mnrium. The results are shown m Table 88 
This vaccine had, therefore, produced the following effects : a proportion of the immunized 
mice showed a partial but ineffective immunity in that they lived on the average far longer 
than the controls but succumbed to the disease during the period of observation ; 24 per 
cent, showed a more effective resistance by living in apparent health throughout the period 
of observation, but post-mortem examination showed that they were suffering from a 
latent infection ; 18 per cent, appeared to have been rendered completely immune to this 
dose of bacteria, in that they remained in apparent health for 28 days and showed no 
evidence of infection when killed and examined by spleen culture. These results may he 
taken as representative of a considerable number of similar experiments. 

TABLE 88 




Ko. Dead in 

28 Days. 

! Average Time 

No. Survivors ^ 


liTo. Inoculated. 

to Death of 

1 Mice that Died. 

with Positive 
Spleen Cultures. 

Normal .... 

50 

50 

j 5*0 days 

— 

Vaccinated . . 

50 

29 

i 18-3 „ 

1 

12 


We should not perhaps expect an immunity of this order to be very effective 

as a prophylactic measure in herds submitted to a continuous risk of infection, 
and actual trial confirms our lack of faith. 
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An epidemic of mouse typhoid was started on January 1st, 1928, and was continued 
until September 17th, 1929, by the addition of 3 normal mice a day (Greenwood, Topley 
and Wilson 1931a). Every 7th day 10 additional normal mice, and several groups, each 
of 10 mice, that had been immunized with different vaccines were added to the cage. 
The results, as they concern the relative efficacy of different antigenic components, have 
already been noted on p. 1056. We are concerned here only with the results obtained with 
the most effective vaccines employed. 

The limited expectation of life of the normal mice on entry was 26*26 ± 0-641 

days ; for the four immunized groups that had received vaccines containing the smooth 
surface antigen the qqE^ figures were 32*10 0*432, 34-97 ^ 0-845, 35-06 0-845 and 

33.71 0-853 days respectively. Thus by active immunization with a killed vaccine an 

increase in average resistance was obtained of the same order as that attained naturally 
by normal mice after living for some 30-50 days in an infected herd under the joint influence 
of active immunization and mortuary selection. 

After 60 days’ residence in the cage the qqE^ figures for the vaccinated and unvaccinated 
groups have, as we should expect, largely levelled up, though the vaccinated mice still show 
a slight advantage. The figure for the unvaccinated group has risen to 36-47 days, those 
for the vaccinated groups to 40-17, 37*39, 36-90 and 47-54 days respectively. 

Very similar results were obtained in another experiment in which a comparison was 
made between the effect of administering a killed Salm. typhi-murium vaccine by the 
mouth, or by intraperitoneal inoculation (Greenwood, Topley and Wilson 1931c). A larger 
dose was used for per os than for intraperitoneal immunization (5,000 X 10® as against 
500 X 10® bacilli). In each case two doses of vaccine were given with a week’s interval 
between them, and the mice were added to the infected herd 1 week after the second dose of 
vaccine. The experiment lasted from December 12th, 1929, to June 26th, 1930. The 
death rate in this epidemic was rather lower than in those referred to above, and the 
expectation of life of the normal mice on entry was therefore somewhat longer. The 
^qEx figures on the day of entry were as follows; normal mice 31-18 1*^^^ days, mice 

vaccinated per os 35-30 1-22 days, mice vaccinated intraperitoneally 38*19 

days. 

The immunity to ectromelia induced by vaccinating mice with a formolized 
virus is far more effective than the immunity to mouse typhoid induced by vaccin- 
ation with a killed suspension of Salm, typhi-murium. Thus, in one series of tests 
(Greenwood et al, 1936), 173 of 180 vaccinated mice survived a dose of ectromelia 
virus that killed all of 60 controls. 

The expectations raised by these results were fulfilled, up to a point, in the 
single experiment in which the effect of active immunization against the virus disease 
has been tested under epidemic conditions (Greenwood et al. 1936). 

Eor rhis experiment, a herd was selected in which ectromelia was actively spreading, 
and causing a high mortality. On 21.10.32, and on every seventh day thereafter for a 
period of 70 days, 30 immunized and 30 non-im m unized mice were added ro the herd. 
Erom 21.10.32 to 27.3.33 three additional normal mice were added daily. The experi- 
ment was terminated on 16.3.34. Taking the 300 immunized mice, the 300 normal 
controls added with them and the 210 normal mice added daily over the same period, 
the eo^a; values for the day of entry to the herd were : immunized mice 49*1 days, 
normal controls added with immunized 20*8 days, normals added daily 21*4 days. This 
shows a very great advantage to the immunized mice, and it was maintained throughout 
later cage -ages until the combined effects of natural immunization and selection, which 
are so effective in this disease, had raised the go-®* the surviving normal entrants to the 
same high level. 

In the final stages of this epidemic there were many deaths among the artificially 
immunized mice, and among the naturally immxmized survivors. Whether these deaths 



ARTIFICIAL IMMUNIZATION 


1259 


were in all cases due to eotromelia it is very difficult to say. It will, in anv case, be wise 
to withhold any final opinion as to the efficacy of immunization in affording permanent 
protection against eotromelia under these very severe conditions of exposure until further 
data are available. 

The evidence so far recorded may conveniently be summarized in tabular form 
(Table 89). Tbe figures for the surviving mice have been recorded 

after that period of exposure (30-100 days) when the Ml advantage appears to 
have been attained, and the limited expectation of life has reached relative stability. 
For the uninfected standard herd the figure of 58 days has been taken both for 
new entrants and for survivors at all periods. The two sets of figures for the 
vaccmated mice in the second mouse typhoid experiment refer to the least and 
most effective of the four antigenically similar vaccines employed. 


TABLE 89 

Showing Limited Expectation op Life in Bays, for Various Groups or Mice 

SUBMITTED TO EPIDEMIC INFECTION. 


Infection. 

Normal. ' 

i 

1 

Vaccinated 

I.P. P.O 


N.E. 

s. 

N.E. 

S. 1 

N.E. ' 

S. 1 

None 

58-00 

1 

58-00 

— 

_ 

— 

— 

Mouse Typhoid (a) 

22-49 

34-75 

— 

— : 

— 1 

— ; 

Mouse Typhoid (5) 

26-26 

36-47 

32-10 

35-06 

40-17 ; 

36-90 1 ~ 

: 

— 

Mouse Typhoid (c) . 

31-18 

42-40 

38-19 

49-52 

35-30 

44-87 

Pasteureliosis .... 

22-37 

37-39 

— 

— 


— 

Ectromelia (a) . 

30-71 

54-69 

— 

— 

— 

— 

Eotromelia (6) . 

20-8 

52-8 

49-1 

51-6 

— 

— 


I-P. = Intraperitoneal. P.O. = Per os. 

N.E. = New Entrants. S. = Survivors after 30-100 days. 


The significance of the figures is obvious. With such bacterial infections as 
mouse t 3 rphoid and pasteureliosis residence and survival in an infected herd increases 
resistance, as measured by expectation of life, but never raises it to the normal 
level. However long a mouse has lived in such a herd it is never indifferent to the 
risk that it continues to run. There is no solid immunity. 

In the particular case of mouse typhoid, active immunization, by the intra- 
peritoneal injection of two massive doses of a vaccine with an optimal antigenic 
character, will induce an increase in resistance of the same order as that attained 
after long residence in the herd. This increased resistance on entry is augmented 
by life in the infected herd ; but vaccination followed by exposure to risk never 
raises the resistance to the normal level. Here, again, solid immunity is not 
attained. The effect of per os immunization is similar in kind to that of intra- 
peritoneal immunization, though the resistance induced is slightly inferior. 
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In the case of the vims disease, ectxomelia, the natural immunizing response 
is far more effective. The immunity attained is not complete — old survivors some- 
times die of typical ectromelia, even though they have passed through a charac- 
teristic attack many months earlier — but it is of a high order. In conformity with 
this, vaccination with a formolized virus greatly increases the expectation of life 
of the mice exposed to risk. 

It is clearly of interest to determine the effect of immunizing all entrants to an 
infected herd. Will this procedure result in the elimination of the disease, at 
least in its overt form ? In the particular case of mouse typhoid, it will not. 

In an experiment designed to test this point (Greenwood, Topley and Wilson 1931c) 
3 normal mice were added daily to an infected herd from March 15th, 1929, to May 12th, 
1929. The limited expectation of life on entry of these mice was 27-00 ±1-019 days. 
From May 13th, 1929, to October 20th, 1929, 3 immunized mice were added daily instead 
of the 3 normal mice, and from October 21st, 1929, to June 29th, 1930, 1 immunized mouse 
was added daily to see whether slowing the rate of immigration would have any significant 
effect on the epidemic prevalence. The ^^E^ figure for the immunized mice added during 
the three-a-day period was 34-92 ± 0-684 days, for those added during the one-a-day period 
it was 36-38 ± 0-938 days — results very similar to those recorded above. But mouse 
t^’phoid was spreading and killmg as actively in June 1930 as it was in March 1929. The 
mice at risk lived a little longer, hut that was all. 

It would, of course, be quite wrong to conclude — even if we may justifiably 
argue from mice to men — that active immunization of such a kind is useless. As 
has been noted above, it is capable of completely protecting a proportion of mice 
against a single experimental infection with a dose of living bacilli that is fatal to 
unvaccinated controls. Under conditions in which exposure to risk is slight, 
transient or intermittent, a resistance of this order may make all the difference 
between escape and infection, or between life, and death. The lesson, so far as it 
is applicable, would appear to be that such resistance does not allow its possessor 
to ignore the risk of infection. We could not, by universal immunization of such 
a kind, stamp out a disease irrespective of the sanitary environment. 

The Role of Bacterial Variation in Herd Infection and Immunity. 

This problem, which may well he of major significance for the student of in- 
fective disease, is at the moment in a rather curious position. Judging from much 
of the current epidemiological literature one would assume that the primary question 
— Do changes in bacterial characters play an important part in epidemic happen- 
ings ? — had been answered clearly and decisively on a basis of incontrovertible 
evidence. There is free reference to epidemic strains of particular bacteria, 
to loss and gain of virulence and infectivity during an epidemic prevalence, to 
secular changes in the pathogenic powers of a particular parasite. But nearly ail 
such writing is really only the writer’s way of saying that the disease in question 
was more prevalent, or more fatal, or spread more rapidly at one time than at 
another. The difficulty, which has seldom been faced, is that a description of 
epidemic events is, of necessity, a description of a fiuctuating equilibrium between 
parasite and host. Dor an increase in bacterial virulence we can substitute a 
decrease in host resistance, or mce versa ; the effect, on balance, is the same. If 
OUT descriptions are to be used as evidence in solving this particular problem the 
rise in virulence, or the fail in resistance, must he proved, not assumed ; and the 
proof is no easy matter. 
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THE ROLE of bacterial VARIATION 

That changes in host resistance are quite certainly of primary importance will 
be obvious from onr consideration of the natural history of diphtheria or scarlet 
fever in man, and ^ of the happenings in herds of mice. It may also be conceded 
that the introduction into a community of a virulent strain of an organism with 
the production either of the carrier state or of manifest disease, may initiate an 
epidemic. It is less evident that changes in infectivity or virulence of the bacterial 
parasite are responsible for the fluctuations and other changes cominouk^ observed 
during the course of the epidemic. 

Of indirect and suggestive evidence there is plenty. We know that bacteria 
frequently undergo variation in the laboratory ; and we know that aviriilent or 
atoxigenic variants may be isolated from man or animals (see fox instance Reimann 

1927, Wadsworth and Sickles 1927, Okell 1929). We know also that antibodies 
acting on the surface antigens of the smooth virulent forms of bacteria are in man}' 
cases capable of inducing the S — > E variation (see for instance Griffith 1923). We 
know that many epidemic diseases have displayed wide secular fluctuations in their 
fatality. Taking our biological and epidemiological knowledge as a whole, the 
conclusion that bacterial variation plays an important part in epidemic happenings 
seems so probable that an experimental answer in the opposite sense would certainly 
be suspect — suspect to the extent that we should want to be very sure that our ex- 
periments had been properly planned, and that our conclusions had not been arrived 
at by an unjustifiable inductive generalization from a few particular instances. 
Experiment, combined with carefully controlled bacteriological and immunological 
observations in naturally occurring epidemics, must, of course, be our final court 
of appeal ; but neither from this source nor from any other should we accept 
hasty judgments. 

The experimental data at present available may be summarized as follows : 

Webster and bis colleagues (Webster 1923a, h, c, d, 1924a, h, c, d, 1925, 1926, 1927, 

1928, 1930a, &, c, Webster and Burn 1926, 1927a, b) have shown quite clearly that different 
strains of the same bacterium, isolated at different periods of the same epidemic prevalence, 
may possess an approximately equal virulence as judged by direct inoculation tests, 
including inoculation into the stomach through an oesophageal tube. This, indeed, was 
their constant finding with the strains they examined. They conclude that changes in 
bacterial virulence play no part in the fluctuations in mortality that may be observed 
at different stages of a long-continued epidemic prevalence. These they would regard 
as due to changes in the average host resistance, and particularly to innate differences 
among the hosts at risk, or to seasonal or dietetic factors, that affect resistance in some 
non-specific way. They have, however, recorded differences in virulence among strains 
of the same bacterial species isolated from different epidemic prevalences of the same 
infective disease (Webster 1930d, Hughes 1930, Hughes and Pritchett 1930, Pritchett, 
Beaudette and Hughes 1930a, 6), and they would regard these differences in virulence as 
determining certain observed differences in behaviour between one epidemic and another 
— for instance, differences in the proportion of carrier iniections to fatal cases of the disease. 
More recently Webster and Clow (1933) recorded an interesting series of observations on 
the variations in the virulence of pneumococci for mice. They found that a strain of high 
virulence, as judged by intraperitoneal injection, might he of low virulence as judged by 
injection into the nasal cavity ; and that a strain of high initial intranasal and intra- 
peritoneal virulence might, as the result of passage from nose to nose, lose all, or almost 
aU, its intranasal virulence, without affecting its intraperitoneal virulence. These 
findings did not, however, lead them to modify their earlier conclusions. 

We have so far considered variations in virulence ; but virulence may not be 
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the only factor concerned. If we assume the possible existence of another factor, 
labelling it infectivity and defining it as the capacity to spread from one host to another 
under any specified conditions of exposure to risk of infection, we may inquire whether 
infectivity is so highly correlated with virulence that we may regard them as 
synonymous terms. 

The evidence available (Topley, Greenwood, Wilson and Newbold 1928) suggests, as 
would be expected, that those strains of Sahn. typhi-murium that are capable of spreading 
rapidly among a herd of mice, giving rise to severe epidemics of mouse typhoid with a 
high mortality rate, are always of relatively high virulence as judged by direct intra- 
peritoneai inoculation, and that strains of low virulence are incapable of giving rise to 
severe epidemics, or of spreading widely among the herd at risk, although they may persist 
for long periods in the tissues of the originally infected hosts, and may give rise to a few 
latent infections, or even to an occasional death, among the normal mice exposed to risk. 

The correlation between virulence and the power to induce severe epidemics by contact 
infection does not, however, hold with all strains of Salm, typU-murium. A particular strain 
of this organism, isolated originally from an infected mouse, was found to possess an 
unusual combination of characters (Topley, Greenwood and Wilson 1931). It was of 
moderately high virulence, killing in repeated tests some 65-75 per cent, of mice inoculated 
with 100-1,000 bacilli, but it possessed little power of producing severe epidemics by contact 
infection. In six closed epidemics, in each of which 100 normal mice were exposed to 
infection from 25 infected companions, the average limited survival time of the exposed 
mice (eo-^cc) was 51*27 days~not far short of the normal limit. The proportion of the 
survivors harbouring Salm. in their spleens at the end of the period of observa- 

tion was, however, high — an average of 31 per cent, for the six epidemics. Data were avail- 
able for two other groups of epidemics, initiated with two strains of Salm. typhi-murium 
of low virulence as tested by direct inoculation. In one group the average was 52*62 
days, in the other 52*21 days — ^figures almost identical with those obtained with the more 
virulent strain — but the percentage of infected survivors was 9*7 in one group and 9*0 in 
the other, less than one-third of the figure recorded for the relatively virulent strain. This 
strain had therefore the following combination of characters : a relatively high virulence 
when injected into the tissues, a considerable power of contact spread with the production 
of latent infections, but a relatively slight power of producing fatal contact infections. 

It was of obvious interest to test the resistance to contact infection, with a highly 
virulent and infective strain, of survivors from these six epidemics of latent infection, 
and to compare it with the resistance of survivors from more fatal epidemics and with 
that of artificially immunized mice. An experiment carried out along these lines gave the 
results shown in Table 90. 


TABLE 90 



Average 

Per cent. 
Surviving on 

60tli Day. 

Normal mice 

37*49 dz 2*613 

36*7 

Vaccinated mice 

41*95 ± 1-529 

’ 63*0 

Survivors of severe epidemics 

48*31 ± 1-836 

66*0 

Survivors of mild epidemics 

48*76 ± 1*861 

69*0 


Thus the survivors from these mild epidemics were much more resistant than normal 
mice, significantly more resistant than vaccinated mice, and just as resistant as the sur- 
vivors from epidemics of greater severity, involving a more stringent mortuary selection. 
The strain that gave rise to these mild epidemics might, perhaps, be regarded as one in 
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wMch. the iiaturai immunizing activity was greater than the iiatural power. ( leaiiy, 

if & strain of this character made it.s appearance during an e-pidconic prevak-uce it ni>T4 
exert a significant influence on the course of events. But. we lauinot ffisrairard the 
In more recent experiments on epidemic pa&teureilo‘'iH Breeu'Aood e/. i03f>. ro?, i!t> 
were obtained that seem to afford a satrsfactory pr<K>i that in infpfUivitv tl ' o-'car 

during the epidemic spread of a bacterial parasite, (‘errain straiiis of Pn^i>^'}Cla ihat 
originally possessed little power of contact infection, though tlipy were of na tderat^uy high 
virulence as judged by direct inoculation into mice, have, during tiimr Ajw ar.d limited 
spread in an experimental herd, given rise to variants in which the capacity fur ivqud and 
fatal spread W'as well developed. These experinienis, like that reeraded above, cho not 
indicate a complete correlation between virulence ami infectivity. If we adopt a tci:n that 
is very commonly, though a little loosely, employed in (.urrent iiTerature, aiai speaR of 
an epidemic strain of a particular bacterial sx>e<*ie&. defining it us a ‘^inun that capac:y 

to spread naturally among a herd at ush giving tme to a and fatal e/ect i/oc, ve inight 

hazard the guess that an epidemic strain is characterized by two attributes, liiLdi virulence 
and high infectivity, and that it may lose its epidemic character by lasing either attribute. 
On what infectivity, as apart from virulence, depends we have as yet iio kno\i!edi:c. It 
does not depend primarily on an ability to multiply in the Ussups : for a strain n^uy be hiLdily 
virulent but not highly infective. It must presumably depend on adaptations that erfuable 
it to meet those environmental changes that are associated with transfer trum host to Lost, 
and to establish in the recipient host a primary focus of infection from which subsequent 
tissue invasion can occur. But to say this is merely to define our prublem a little m<jre 
closely. 

In summary ; variations in virulence in a bacterial parasite daring an epidemic 
prevalence have often been sought for with negative results. There is, however, 
experimental evidence that different strains of the same bacterial parasite, possessing 
different degrees of virulence or of infectivity, produce very different results when 
they are allowed to spread by natural infection among a susceptible herd. There 
is also evidence that a bacterial parasite may vary in infectivity during an experi- 
mental epidemic. Taking the experimental evidence as a whole, it would seem 
to accord quite well with the view, expressed by many epidemiologists, that varia- 
tions in the characters of the parasite are of major importance in the spread of 
human infections, and that an outbreak of disease may be initiated by the evolution, 
or importation, of an epidemic strain ’’ of the causative organism. Neverthe- 
less, it seems likely that the evolution within any parasitic species of a strain of 
high epidemicity or virulence is an occasional event, rather than part of a normal 
or periodic process determining the fluctuations in mortality and morbidity that 
may occur during a long-continued epidemic. 

The Eole of other factors in Herd Infection and Herd Immunity. 

All those factors that affect the resistance of the individual will affect the 
average resistance of the herd of which he is a member. Those factors that have 
been adequately studied have been considered more or less briefly in earlier chapters. 

There are, as we have said, special factors, such as the spatial distribution of 
the hosts at risk, the duration or the intermittency of contact, and other conditions 
of arrangement or environment, that affect herds but not individuals. Some of 
them, particularly those concerning the dispersal and aggregation of the infected 
and uninfected members of a herd, have been studied experimentally (Greenwood 
et al 1936, 1939). 

In one experiment, susceptible mice were added at a steady rate to an already infected 
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lierd. Witii low rates of addition, up to 1 or 2 mice eacli day, the death rate showed 
wide and irregular fluctuations, with occasional intermissions. With higher rates of 
addition, the death rates showed minor fluctuations, without intermission, round an 
almost steady average value ; in the circumstances the population increased rapidly at 
first, and later more slowly, suggesting that a still higher rate of addition would have 
produced a stable population in w'hich the daily deaths equalled the daily additions. 
Thus, continuous contact of infected animals with susceptibles introduced into the herd 
at a steady rate did not produce a system with any inherent tendency to fluctuate, as 
epidemics fluctuate in natural conditions. 

The effect of discontinuous contact was tested in another experiment. Twenty-five 
mice W'cre infected with Salifn, typhi-nnuriwYi, These, and 100 normal mice were kept 
each in a separate cage. Three times weekly, aU the mice were herded in one large cage 
for 4 hours and at the same time 2 normal mice were added to the herd. An epidemic 
started among the normal mice, but soon died down, and after 70 days, there were no 
deaths from mouse typhoid. By the 149th day, the population of mice had increased 
to 180, and there had been no deaths for 80 days. The population was then aggregated 
in a single cage. An epidemic wave resulted from this continuous contact, and in spite 
of the addition of 6 new mice per week, the total population had fallen by the 289th day 
from 180 to 44 mice. The resumption of discontinuous contact at this time was followed 
by a prompt response in the reverse direction. The death rate sank and remained at 
a low level, and the population rose to over 100 mice. These conditions were maintained 
by intermittent contact over a period of 15 months, at the end of which re -aggregation 
again produced a major epidemic, which within 30 days reduced the population to 20. 

The effect of dispersal upon the course of an experimental epidemic was found to 
depend on the degree of dispersal and the age of the epidemic. Thus the dispersal of 
100 mice into four groups of 25 had little effect upon an epidemic that had just begun to 
spread. If the mice were divided into smaller groups as, for example, 10 groups of 10 mice, 
the subsequent mortahty was much lower than that of a control group of 100 maintained 
as a single unit. When dispersal was delayed until the epidemic was well under way, 
it had little effect, even though the dispersed groups were small (Topley 1922, Topley 
and Wilson 1925, Greenwood et al. 1930). These are results with epidemics in closed 
herds. The effect of dispersal was also tested in an infected herd in which a continuous 
spread of infection was maintained by the addition of susceptible mice in large batches 
at short intervals. Mce were withdrawn to isolation in single cages, after varying intervals 
of exposure to infection, and the rates of infection and mortality compared with those of 
added mice left in the herd. The average mortality of mice subsequent to withdrawal 
was lower than that of their contemporaries left in the herd. The advantage of with- 
drawal was marked for all periods of exposure up to the longest tested, which was 35 days. 
The greatest effect, as would be expected, was observed in mice withdrawn after the 
shortest exposure (Greenwood et al. 1939). 

The conclusions to be drawn from these experiments, though they must in 
some cases be tentative, add to the evidence that has accumulated from the study 
of natural epidemics in man and animals, and point to the fact that movements 
of susceptible and infected hosts in relation to one another, and the aggregation 
or dispersal of human or animal herds, apart from any introduction of new infection, 
are sufficient to induce major changes in the incidence of many infective diseases 
{Topley 1942 ; see also McKendrick 1940). Many other factors have been studied 
in far greater detail but with less control under field conditions. Some day we 
may be able to work these factors into our immunological picture in terms of the 
effects produced by changes in the rate at which infection is received, or in the 
rate at which immunization proceeds (see for instance Dudley 1923) ; but that 
day has not come yet. 
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Til© Control of Herd Infection. The study of herd infection und herd inirruiLitv 
by the methods described above is as yet in its infancy but it has already iriodiiied 
many of our conceptions with regard to the administrative control of epideniie 
disease. Isolation and quarantine, for instance, have, in the past, playeri a major 
part in public health administration. A very cursory consideration cd the various 
types of distribution of a bacterial parasite within an infected herd that have 
been described earlier in this chapter, and of the results obtained m experimental 
epidemics, will raise serious doubts as to the probable efficacy of such measures. 
In the case of quarantine, it is clear that it can succeed only where it is complete ; 
and the history of sanitary control suggests that successful quarantine is pos.^ible 
only under very exceptional conditions, and over relative!}^ short periods of time. 
The carrier and the atypical case defeat a sanitary barrier, just as they defeat 
isolation ; and, under the conditions of modern transit, there seems little possibility 
of preventing the introduction into any one part of the inliai)ited world of any 
infective parasite which is prevalent in another. Once the barrier is passed, the 
subsequent course of events will depend upon the conditions ol^taining within the 
community into which infection has been introduced. 

The policy of the isolation of sick persons within a commumt\’ based on a 
similar failure to realize that the clinical picture provides a very incomplete de- 
scription of the true state of affairs. If isolation removed from the coramunity the 
whole, ox even the great majority, of the infected individuals, it might be expected 
to exert a considerable influence on the prevalence of an infective disease. But 
if the ratio of latent or at 3 qpical infections to clinically recognizable cases is high, 
we cannot hope to effect any marked reduction in the morbidity rate by reinuving 
to hospital those cases which exhibit the typical stigmata of the disease. "VTe may 
indeed effect a smaller reduction in the total infective material than the ratio of 
isolated to non-isolated, among infected individuals, would suggest ; for the sick 
person would, in any case, move less freely among his fellows than the apparently 
healthy carrier. As in the case of quarantine, we should expect a policy of isolation 
to be successful only in exceptional circumstances, when the recognizable cases 
form a very high proportion of the total infected, and when the total mass of in- 
fection to be dealt with is small. Once a given infective disease has assumed an 
endemic-epidemic prevalence within a herd, we should expect no appreciable result 
from the isolation hospital, so far as a reduction in morbidity is concerned. It is 
interesting to find that the expectations based on bacteriological and experimental 
findings are borne out by administrative experience. Thus, an attempt has been 
made, by an analysis of the available records, to answer the question : Does hospital 
isolation have any effect upon the incidence of scarlet fever ? All applications of 
the calculus of correlations have wholly failed to bring out any connection whatever 
between the incidence rate of scarlet fever and the extent of isolation (see G-reen- 
wood and Topley 1925). The value of the isolation hospital must apparently be 
judged by the benefit which it confers on the sick within its walls ; for it would 
seem to have little effect on the health of the community as a whole. 

Turning to those administrative measures which bring about a general reduction 
in the oppoxtnnities for the transference of infection from host to host, theoretical 
considerations suggest that action along these lines is likely to be effective. Any 
improvement in sanitation, which ensures a clean water, or milk, or food supply, 
which reduces the frequency of insect vectors of infection, or which lessens the 
opportunities for close contact between individuals, may be expected to lead to 
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a reduction in tlie incidence of those infections, with the transference of which that 
particular ineasure of sanitation interferes. This exi3ectation has been fulfilled 
whenever an effective method of reducing the general opportunities for the trans- 
ference of a particular infection has been adopted. 

It may be noted that it is in the case of infections of the respiratory tract that 
it is particularly difficult, under modern conditions of civilization, to devise any 
generally applicable and effective means of preventing transit of the parasite from 
host to host, and that it is exactly these diseases which have so far largely defied the 
attacks of preventive medicine (see Chapter 91). 

Finally, the whole trend of our present knowledge stresses the importance of 
the susceptible host. Any measure which increases the average resistance of a 
herd, whether it depends on specific immunization, or on some factor which confers 
an increased immunity less specific in its range, will exert a direct influence on the 
incidence of the corresponding infections. The accurate determination of the 
conditions which must be fulfilled, in order that induced variations in immunity 
should exert their optimal effect, and the development of methods by which such 
immunity can be induced, are two of the most important problems which await 
solution. 
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PART IV 


THE APPLICATION OF BACTERIOLOGY 10 
MEDICINE AND HYGIENE 

CHAPTER 57 

ACTINOMYCOSIS, ACTINOBACILLOSIS, AND RELATED DISEASES 

Iktroductory 

The term Actinomycosis was originally given by Bullinger in 1S77 to a liisease 
in cattle characterized by the formation of a hard wuodt-n swelliiig of the toiiaiso 
or a fusiform enlargement of the jaw. In the lesions of this ditease he found 
numerous opaque slightly yellowish bodies of coarsely granular or mulix^rry-hke 
appearance, which were found to consist of a fungus. H:s ci.iil>-ague Harz, a 
botanist, to whom he referred for an opinion on this organism, decided that it was 
a true mould and suggested for it the name of ray fungus or Achnomi/ces bom. A 
similar mycotic disease in man was described the following year by Isriol (1878. 1879) ; 
and in 1879 Ponfick suggested that the two diseases were identical. From seven 
cases of actinomycosis in cattle, Bostroem in 1891 isolated an aerobic filamentous 
organism showing true branching ; and from two cases in human beings, Wolfi 
and Israel in the same year (1891) isolated a similar branching organism, which 
was, however, anaerobic. In 1902 Lignikes and Spitz described a new disease 
in cattle, differentiated from actinomycosis chiefly by its tendency to invade the 
lymph glands. From the affected animals they cultivated a very small, non- 
branching, Gram-negative bacillus, to which they gave the name aetinobacillus. 
The disease they called actinobacillosis. 

As early as 1874 Vandyke Carter drew attention to a disease in India known 
as Madura foot. Microscopical examination revealed the presence of a fungus, 
but attempts to cultivate it were unsuccessful till 1894 when Vincent succeeded 
in isolating an aerobic branching filamentous organism, similar in many respects 
to Adinomyces hovis, which he called Streptothrix madura. 

From the disease known as “ Farcy of cattle,” Nocard in 1888 cultivated an 
aerobic branching filamentous organism, which likewise resembled Bostroem’s 
Adinomyces. Similar branching organisms have been encountered in a number 
of diverse lesions in human beings and other animals. 

From this brief description, it will be realized that there are several diseases 
from which actinomyces-like organisms have been isolated. In one group of 
diseases, their proliferation occurs in the form of colonies which have a definite 
ray structure ; such colonies are seen in the pus as granules or Drusen. In 
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anotlier group the organisms form a felted mycelium without any radial arrange- 
ment, and without any formation of granules. Some authors prefer to limit the 
term actinomycosis to diseases of the former group, denoting those of the latter 
group by such terms as Streptothricosis, Cladothricosis, Oosporosis, Pseudo- 
tuberculosis, Para -actinomycosis, or Pseudo -actinomycosis. In Chapter 14 we 
have given our reasons for including all the filamentous branching organisms in 
the Actinomyces group. The logical sequence of this is to classify all diseases 
caused by these organisms under the name of Actinomycosis. This term, however, 
is often used in a broad sense to include chronic granulomata characterized by club 
formation. Such granulomata are in fact sometimes caused by Staph, aureus or 
0. pyogenes, and though their inclusion may be justified on clinical grounds, it leads 
to great confusion bacteriologically. We therefore propose to exclude from Actino- 
mycosis the granulomatous lesions of cattle and swine that are caused by organisms 
other than those belonging to the Actinomyces group. The staphylococcal lesions 
are better referred to as Botriomycosis (see Chapter 67). 

Actinomycosis. 

A. Due to Actinomyces hovis of WolfE and Israel. True ray-fungus disease in 

man and cattle. Granules or Drusen formed in tissues. Anaerobic. 

B. Due to Actinomyces — aerobic types. 

(1) Non-acid-fast group. Madura foot — granules found in tissues. Other 

lesions in man and animals — ^no granules found in tissues. 

(2) Acid-fast group — chiefly pulmonary and abdominal infections in 

man. No granules formed in tissues. Farcy of cattle — no granules 
formed in tissues. 

C. Due to Actinomyces muris. Eat-bite fever (one type) in man, and infective 

arthritis in mice. No granules formed in tissues. 

AcTINOB ACILLOSIS . 

Due to bacilli. 

. (1) Actinobacillus lignieresi of Lignieres and Spitz. Actinobacillosis in 

cattle. Granules or Drusen formed in tissues. 

(2) Actinobacillus actinoides of Theobald Smith. Broncho-pneumonia of 
calves : pneumonia of rats. No granules formed in tissues. 


ACTINOMYCOSIS 

A. Due to Actinomyces hovis Wolfl and Israel 

Epidemiology. — Actinomycosis in man is not a common disease. According 
to van der Hoeden’s (1939) observations in the Netherlands, it is three times as 
common in males as in females, and ten times as common in rural districts as 
in large towns ; about 80 per cent, of the cases occur in patients over 20 years 
of age. The cervico-facial region is the commonest situation attacked. Table 91, 
which we have compiled from cases observed by Illich and by Leith (see Delepine 
1915), and Colebrook (1921), indicates the distribution of the lesions. Cope (1938) 
has collected a rather larger series of cases in his monograph on actinomycosis, 
but the percentage distribution is much the same. 

The mortality of the disease depends largely on the site afiected. Of 10 cases 
of cervico-facial infection observed by Colebrook (1921), 9 recovered: on the 



MPIDEMIOLOGY OF ACTIKOMYfmiS li'Tl 

other hand 12 out of 14 thoracic and abdominai infectioiis pruved fdtal Of 87 
cases recorded by Harbitz and Grondahl (1911), 42 died jeiiuiiued imheided. 

TABLE in 


Distribution of Actinomycotic Lesions in Min. 



j Cases. 


Head and neck 

. ! 234 

51*4 

Tongue 

. i 16 


Abdomen 

. ! 


Thorax ........ 

. i 65 

I 

Skin 

11 

2 4 

Other situations and doubtful 

30 

6-6 


1 455 

iOO'O 


The extent to which cattle are infected is difficult to ascertain, largely because 
the disease has so frequently been confused with actinobacillosis. According to 
Jelenevski (see Hutyra and Maxek 1926) the morbidity, as estimated in various 
abattoirs from 1896 to 1911, was as follows : Berlin 0*31 per cent., Vienna 0*01 per 
cent,, Moscow 3*34 per cent., Kief 0-67 per cent., and Warsaw U-65 per cent, ; but 
the mild form of lingual actinomycosis was apparently not included in these 
statistics. Even in the same country, the frequency appears to vary from one 
part to another. Thus, in the Netherlands, van der Hoeden (1939) gives the 
incidence of lesions in slaughtered cattle as ranging from 0*42 per In Gouda 
to 12‘17 in Amsterdam. Of 85,445 tongues imported from the Argentine and 
examined by MacEadden (1913) in London from August to October 1913, 4,949 
or 5*8 per cent, showed lesions, but there is etddence to suggest that many of the<e 
were infected with the actinobaoillus. In this country the disease is not infrequent. 
It is stated to be commoner in low-lying marshy districts, and to affect stall-fed 
cattle more frequently than those fed on pasture. According to Magnusson (1928), 
it affects almost exclusively the jaw bone, which develops a typical fusiform swel- 
ling ; but Albiston and Pullar (1934) state that the soft tissues — tongue, lymph 
and salivary glands,’ muscle — may be affected. Of 1,015 cases observed in abat- 
toirs in the Netherlands, 900 affected the head, 61 the lungs, 11 the abdominal 
organs, 32 lymph glands, 10 the udder, and 1 the foot (van der Hoeden 1939). 
Generalization of the infection is not uncommon in man, but is rarely seen in 
cattle. So-called actinomycosis of the udder in cattle seems to be almost invariably 
due to staphylococcal infection (Magnusson 1928, Albiston 1930). 

Actinomycosis is by ho means infrequent in swine. The udder is attacked. 
Magnusson (1928) states that two types of Actinomyces^ both anaerobic, may be 
found, which differ from the hovis variety. Some cases are due to staphylococci, 
and are more correctly termed botriomycosis. The disease occurs rarely in sheep, 
goats, and dogs. Most carnivora are resistant. We have met with one case in a 
mouse, in which the liver showed typical actinomycotic lesions. 

Mode of Infection. — The mode of infection both in man and animals is obscure. 
In the days when Bostroem’s organism was held to be the cause of the disease, it 
was generally thought that infection was conveyed by grasses, which lodged in the 
mucosa and provided a suitable nidus for the development of the organism. This 
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view appeared probable because tbe organism was found to lead a sapropbptic 
existence outside tbe body, being frequently isolated from grasses and cereals, and 
because awns of grasses, or barley spikes, are not uncommonly found m tbe actual 
lesions. But now that Bostroem’s organism is regarded as an accidental contamin- 
ant, and tbe organism isolated by Wolff and Israel as tbe true cause of tbe disease, 
this hypothesis bas been abandoned. Wolff and Israel’s organism appears to be a 
strict parasite ; it bas never been found outside tbe animal body, and its survival 
in artificial culture is brief. These facts suggest that tbe disease is transmitted by 
infected pus, saliva, or nasal discharge. 

Strong evidence in favour of this view is provided by tbe work of Naeslund 
(1925, 1926, 1929) who, in a study of tbe flora of tbe human mouth, succeeded in 
isolating both aerobic and anaerobic types of Actinomyces. Tbe anaerobic types 
were indistinguishable from Actmomyces hovis, and were more frequently met with 

than tbe aerobic types. They were, 
& moreover, isolated from a high 



proportion of salivary calculi, thus 
supporting Soderlund’s (1921) view 
that tbe formation of these calculi 
must be regarded as a specific result 
of actinomycotic infection. Tbe 
same organisms also seemed to 
play an important part in tbe de- 
velopment of dental tartar. Bibby 
and Knighton (1941) regard Kaes- 
lund’s micro-aeropbilic and anae- 
robic strains as probably belonging 
to tbe Leptothrix group ; but the 
work of Lord and Trevett (1936), 
Emmons (1938), Sullivan and Golds- 
worthy (1940), and Slack (1942) 


Fig, 269. 

Part of the edge of a colony of Actinomyces bovis 
m the jaw of an ox, showing the peripheral zone 
of clubs (x 350). 


seems to leave little doubt of tbe 
occurrence of true Actinomyces 
strains, indistinguishable from tbe 
Wolff-Israel type, in tbe human 


mouth, notably in diseased tonsils, 
carious teeth, and pyorrhoeal pus. If this organism is accepted as an inhabitant 
of tbe human mouth, the factors predisposing to the development of actinomycosis 
have still to be determined. Possibly suitable necrotic foci, such as septic teeth, 
have to be present in which the organisms can develop under anaerobic conditions. 
There are records of three cases in which the disease followed a human bite (see 
Eobinson 1944). 


Bacteriology. — In the tissues Actinomyces grows in the form of colonies or 
Drusen, which macroscopically have the appearance of small granules. A 
section suitably stained reveals the presence of a central mass of partly 
necrotic material, in which branching filaments may be recognized, and 
a peripheral zone of swollen bodies looking like clubs and arranged radially. 
The clubs are surrounded by pus cells, outside of which there are aggre- 
gations of mononuclear cells and dense masses of fibrous tissue. The colony 
often presents a characteristically scalloped edge. The mode of formation of 
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the clubs is still under dispute, some workers maintamiii ,2 t-iiat tLcv rppresent 
the swollen extremities of the filaments, others that they are due to a. reactioii 
on the part of the tissues. The fact that they occur in so-ealh^«l actlnorjiycorJc 
lesions due to staphylococci, and that thev may ]>e formed under exporimeiitai 
conditions around dead masses of tubercle bacilli and actiimmvce-, 
that the second explanation is more probably correct. The disease spreijfi=^ rn/ 
contiguity ; the surrounding tissues, no matter of \\liat type, are mvadefi andi 
destroyed. 

The pus discharged from these lesions is not usually ahundaniD ; it is y‘filow, 
often bloody, thick or thin, and sometimes tough and viscous. If shaken ut* 
with water in a test tube it will be seen to contain small granules, wiilrh raps cl; v 
sink to the bottom. They vary greatly in size, but are generaliy about 0-2 j t > 
1 mm. in diameter ; they are opaque, spherical bodies, greyish- white by reliecteo 
and yellowish by transmitted light, and have an oily ap/pearaiice. Generaliy 
they are soft and can be readily crushed, but in cattle they may be hard or 
even calcified. In pus from old lesions they are darker in colour, and not 
infrequently brown. Microscopical examination of these granules reveals the 
presence of a felted mycelium, together with rod-shaped and coccoid bodies, 
surrounded by radially disposed clubs. The filaments are irregularly Gram- 
positive ; the clubs are usually Gram-negative. Clubs are said to be more con- 
spicuous in lesions of cattle than in those of man. 

Though all observers are agreed on the microscopical appearance of the organism 
in the tissues, attempts to cultivate it have led to divergent results. BoAtroeiu 
in 1891 was the first to report positive results. By inoculating several hundred 
tubes of medium from a few cases of actinomycosis in cattle he succeeded in 
obtaining about 12 cultures of an aerobic, branching, pigmented, filamentous 
organism. Although he was unable to reproduce the disease in animals by injec- 
tion with this organism, he had no hesitation in concluding that it was the cause 
of the disease. A little later in the same year Wolfi and Israel (1891) reported 
the isolation of an anaerobic, branching, filamentous organism from 2 cases of 
human actinomycosis. (For a description of these organisms see Chapter 14.) 
Attempts to reproduce the disease experimentally in laboratory animals with this 
organism were not very successful ; at the most, small, apparently retrogressive, 
granulomatous tumours resulted from inoculation. In 1905 Wright in Boston 
carried out a more thorough investigation. From 13 cases of actinomycosis in 
man and from 2 in cattle he isolated in pure culture an organism of the Wolff- 
Israel type, but like his predecessors was unable to produce progressive disease 
by animal inoculation. From a critical resume of the literature, however, he 
reached the conclusion that the Wolff-Israel organism was the true cause of actino- 
mycosis. Bostroem’s organism he regarded as an example of the numerous sapro- 
phytic fungi wMoh are common on grains and grasses, and which are therefore 
liable to gain access as contaminants to ■^actinomycotic lesions. 

Subsequent work tended more and more to confirm Wright’s conclusions. 
The observations of Henry (1910), Colebrook (1920) and Bosworth (1923) in this 
country, of Harbitz and Grondahl (1911) in Norway, and of Magnusson (1928) 
in Sweden left little doubt that the Wolff-Israel type was the principal organism 
responsible for actinomycosis in man and cattle. Colebrook showed that the 
serum of severely infected human patients might agglutinate this organism ; and 
Magnusson found that, though the disease could not be satisfactorily reproduced 
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in small animals, it was possible to set up typical actinomycotic lesions by the 
inoculation of pure cultures into cattle. That it has not been cultured from all 
cases of the disease is probably explained by technical difficulties, especially when 
the lesion is invaded by secondary organisms, and by the not infrequent sterility 
of granules from old lesions. 

We may conclude that the evidence in favour of the aetiological role of the 
Aetinomyces bovis described by Wolfi and Israel is sufficient to justify us in 
accepting this organism as the cause of that variety of actinomycosis which is 
characterized by the presence in the tissues of the typical ray fungus. 

One further point in connection with the bacteriology of the disease may be 
mentioned. In the characteristic granules it is not unusual to encounter, as well 
as the branching filaments of Actinomyces, densely packed masses of Gram- 
negative cocco-bacilli. These organisms were first described and isolated by 
Klinger in 1912 who named them B. actinomycetem comitans ; and they have 
been subsequently noted by Colebrook (1920) in this country, and Bayne-Jones 
(1925) in America. What relation these organisms bear to Actinomyces bovis is 
not clear. (For further information see Chapter 14.) 

Diagnosis, Prophylaxis and Treatment. — Diagnosis is made by microscopical 
and cultural examination of the afiected tissues. The granules should be crushed 
between slides and stained by Gram’s method. If calcified, they should first be 
treated with hydrochloric acid. The presence of a mycelium of Gram-positive 
filaments surrounded by radially disposed Gram-negative clubs is characteristic 
of actinomycosis. Cultures are made from fresh young granules only ; after 
thorough washing, they are seeded into a number of tubes containing blood broth 
(Gordon 1920), glucose agar, or serum agar ; incubation is carried out under both 
aerobic and anaerobic conditions, preferably in an atmosphere to which 5-10 per 
cent. CO 2 has been added. Eosebury, Epps and Clark (1944) prefer to streak the 
unwashed granule or the pus on to four plates in series of Bacto brain heart infusion 
agar and to incubate in an anaerobic atmosphere to which 5 per cent. CO 2 is added. 
Primary cultures are frequently contaminated ; single colonies should therefore 
be picked off to obtain pure cultures. Examination of the agglutinating power 
of the patient’s serum to the organism isolated should be carried out if possible. 
In pulmonary actinomycosis in man the sputum is tough, often viscous, and some- 
times haemorrhagic ; the typical granules can be found on examination (Harbitz 
and Grondahl 1911). Most of the abdominal cases commence in the appendix. 
In the rare cases of actinomycotic meningitis, the primary lesions are generally 
in the lungs and bronchial glands (Henry 1910). 

As we are still ignorant of the factors deternaining the development of the disease, 
it is difficult to lay down prophylactic measures against it. It is clear, however, that 
the discharge from the lesions should be considered dangerous, and every care taken 
to prevent its coming into contact with man or other animals. 

Colebrook (1921) reports favourably on vaccine therapy, provided efficient 
surgical drainage of the affected tissues is secured. Negroni (1937) claims to have 
obtained promising results with a formolized filtrate of broth cultures of parasitic 
aerobic strains of Actinomyces, employed presumably to stimulate a non-specific 
protein reaction. Penicillin treatment now seems to hold out greater promise of 
success. 
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B. Infections due tOg or associEted with, the Aerobic Members of the ActtnoDiyces 

Group 

(1) Madura Disease. 

This disease, which is peculiar to man, was first thoroiigbly investigari-d Iw 
Vandyke Carter of Bombay m 1874. It occurs chiefly in India, but cr^es have 
been reported in Algiers, Italy, Boumania, America, and other cuiintries. The 
lesions are commonest in the foot, and are of a chronic graiiuloinatuiis nature, 
characterized by swelling, suppuration, and sinus formation. The pus cajutains 
granules, which in some cases are yellowish in colour, in others black. Thes^^ 
granules are generally larger than those seen in actinomycosis — up to 1 mm. 
in diameter ; they may he aggregated into masses looking not unlike flsli-roc- 
(Kanthack 1893). Under the microscope, those from the pale or ochroid varavy 
of the disease consist of a central irregularly staining felted mvcelium, showing 
true branching ; sometimes they are surrounded by a ray formation of club-llke 
structures. Vincent (1894) cultivated from them an aerobic fliamentous organism, 
which gave a pink or rose coloration on potato (see Chapter 14). It proved to 
be practically non-pathogenic for laboratory animals. He called it Sfreptolhrix 
madurcB ; its correct name is Actinomyces madnrce. 

Wright (1898) found that the granules from the black or melanoid type of the 
disease consisted of a mycelium of hyphae or fungoid elements, more or less 
degenerated, embedded in a hyaline brown-coloured refringent substance, which 
itself formed more or less of a reticulum. The pigment could be dissolved by 
sodium hypochlorite solution, leaving the mycelium unaltered. Cultures resulted 
in the development of a mould, consisting of a branching septate mycelium, and 
forming typical mould-like colonies. Wright concludes that the pale variety of 
the disease is due to an organism of the Streptothrix (Actino^ayceb) group, while 
the black variety is due to a mould or hyphomycete. This view is supported by 
the observations of Tribedi and Mukherjee (1939). It is probable that several 
types of organism are responsible for the disease, and that the pale variety, at 
least, may he caused either by an Actinomyces or by a fungus. 

(2) Other Lesions in Man. 

Eppinger (1891) described a case of brain abscess m a glaas-grinder due to a 
branching filamentous organism. Old calcified abscesses were found in the bron- 
chial and supraclavicular glands, and pseudotuberclee were noticed in the lungs 
and pleura. The organism grew abundantly on ordinary media under aerobic 
conditions (see Chapter 14). Injection into rabbits and guinea-pigs proved fatal 
in 1 to 4 weeks ; post mortem the lungs, liver, and spleen were studded with 
small white nodules. He called the organism GladotJirix asteroides {Actinomyces 
asteroides) and the disease Pseudotuberculosis cladothricMca. Later MacCailiim 
(1902) recorded a case of peritonitis in a negro child due to infection with the 
same organism. According to Claypole (1913) this organism is mildly acid-fast. 

Henrici and Gardner (1921) isolated a similar organism from the sputum of 
a woman, which differed, however, in certain particulaTS, and which they called 
Actinomyces gypsoides. Prom the literature they were able to gather accounts of 
26 cases of infection with acid-fast Actinomyces, Infection probably occurs by 
inhalation ; the first lesions are in the peribronchial nodes. Later, caseous 
broncho-pneumonia develops, followed by central softening and cavity formation. 
Metastases may occur. The duration of the illness is generally about 6 months. 
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These cases are liable to be confused with tuberculosis. Goldsworthy (1937) 
recoiniiieiids that the orgaiiisms should be sought for in the sputum of all patients 
with obscure or unusual chronic infections of the lungs, especially when repeated 
attempts to demonstrate the tubercle bacillus have failed. The organisms are 
liable to be decolorized in the ordinary Ziehl-Neelsen process, but their filamentous 
morphology is rendered strikingly evident by Gram’s strain. Cultivation of the 
organismr and the exclusion of tuberculosis by inoculation of the sputum into 
guinea-pigs, should effect a differential diagnosis. 

Actinomyces of the aerobic non-acid-fast type have been described in various 
lesions by numerous authors, such as in the bladder and prostate of a man with 
pyuria by Cohn (1913), in the purulent cornea by Namyslowski (1912), in the cerebro- 
spinal fluid of children with meningitis by Gerbasi (1927), and in a fatal infection 
of the lungs by Biggart (1934). 

(3) Cattle Farcy. Farcin du boeuf. 

Cattle farcy is characterized by the appearance — generally on the medial 
surface of the extremities — of firm, painless perivascular nodes, which later sup- 
purate. When incised, they discharge a whitish, odourless mass resembling soft 
cheese (Kepoit 1913). The regional lymph glands become converted into firm, 
painful tumours. It is a chronic disease lasting for a year or more, and marked 
in the later stages by severe cachexia. From the pus of an affected animal Nocard 
(1888) isolated an aerobic branching organism, now known as Actinomyces farcinicus. 
Intravenous injection of pure cultures into a cow and a sheep resulted in the 
development of miliary nodules. The disease is not common in Europe ; it is 
very prevalent in Guadeloupe, and has been recorded in India, and in Kenya 
(Daubney 1927). 

(4) Other Lesions in Cattle. 

Evans (1918) has recorded an infection of the udder of cows with an organism 
of the aerobic Actinomyces group. She succeeded in isolating it from 18 out of 
21 samples of noilk, in which it was present in considerable numbers. 

(5) Goats and Horses. 

Silberschmidt (1899) isolated a member of this group from three goats ; this 
organism is called Actinomyces caprce. The same organism was later cultivated 
by Galli- Valerio from the lung of a goat. Dean (1900) cultivated a member of 
the group from an abscess in the submaxillary region of a horse. 

G. Infections due to, or associated with, the Facultative Aerobic Members of the 

Actinomyces Group. 

(1) Eat“bite Fever. 

For many years there has been great confusion over the aetiology of this disease. 
Schottmiiller (1914), Blake (1916), Tileston (1916), and others described the isolation 
of a streptothrix — Streptothrix muris ratti — ^from the blood of patients suffering 
from rat-bite fever, while Japanese workers (see Chapter 82) brought strong 
evidence to show that the disease was due to a spirochsetal organism known as 
SpirochcBta morsus muris or Spirillum minus. There seems to be no question now 
that both organisms may be responsible, and that rat-bite fever may be of at least 
two different types. The evidence for this conclusion is based on a careful study 
of the literature. 
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In 1925 Levaditij Nicolau^ and Poincloux in France dc>f^ri]>ed an organism, to 
whicli they gave the name St rej^toJ^icllJ ifiop It itrlat-'^d from the 
blood of a laboratory worker who was suffering from an acute characterized 

by fever, sore throat, papular erythema, and inu]ti]>le arthritic. Tlie fullowing vear 
Parker and Hudson (1926) gave an account of an epidemic di-'ca'C occiirriim m 
Haverhill, Massachusetts. This disease they referred to as Erytheuna arrhiiricuiu 
epidemicum or Haverhill fever. An organism was isolated— ^* 7 arc Jlh ‘n.^hifunnis 
— which was subsequently proved to be identical with SireplfMclVn^ 

In neither instance was there any suspicion of infection having occurred tb rough 
rats. In 1933 Strangeways accidentally encountered the same organisiii in mice 
that had died after intrap eritoneal inoculation with the blood of rats infected with 
Trypmiosoma equiperdum. Investigation showed her that StapifJjacViis^K rnoiVlS 
formis was an inhabitant of the nasopharynx of the rat, in which it nonnally led an 
apparently harmless existence. A very similar organism had already been reported 
by Tunnicliff (1916) in the lungs of white rats affected with brunchopneumoida* 
It wmuld therefore appear that Streptohacdhis moniliforniU is no other than the 
Sireptothrix muris ratti of the earlier workers. Both organisms appear to be closely 
related to the Actinomyces group, and we have therefore suggeated for them the 
name Actinomyces muris. Since this organism is pathogenic for man and is a 
normal parasite of the rat, it is not difficult to understand how it may be respon- 
sible for human infection. Spirillum minus is also a normal parasite of the rat, 
and may likewise cause rat-bite fever. We shall restrict ourselves at the moment 
to the description of the type of disease caused by Actinomyces marls. For the 
type caused by Spirillum minus see p. 1838 

Eat-bite fever due to Actinomyces muris is an irregularly relapsing, febrile, 
septicaemic disease characterized by metastatic arthritis and morbiilifoim and 
petechial cutaneous eruptions. The incubation period is usually under 10 days, 
and may be as short as 3 days. The disease is often ushered in by a chill and 
a rapid rise of temperature. The wound usually heals without exacerbation. 
There is extreme prostration, severe generalized muscular pain and tenderness, 
headache, weakness, and a widespread morbilliform or petechial eruption. General- 
ized enlargement of the lymph glands may occur. Hon-suppurative arthritis, 
affecting one joint after another, is a characteristic feature of the disease. There 
is a leucocytosis with a high proportion of neutrophiles. After a few days the 
temperature falls by crisis, and the disease then assumes a relapsing type, febrile 
paroxysms occurring at irregular intervals for weeks or months. The case mortality 
is not known with certainty, but a figure of 10 per cent, may be quoted. Little 
is known of the post-mortem appearances, but Blake’s case showed an ulcerative 
endocarditis and a subacute myocarditis. Diagnosis during life is best made by 
cultivation of the causative organism from the blood stream during a febrile attack. 
About 20 ml. of blood are distributed partly into serum broth and partly over a 
' number of plates of Loeffler’s serum. The cultures may be incubated aerobically 
or anaerobically, preferably in the presence of 5 per cent. COg. According to 
Brown and Nunemaker (1942) agglutinins may be demonstrable in the patient s 
blood serum in a titre varying between 1/160 and 1/5,120. A suitable antigen, 
may be prepared by formolizing a broth culture of an old laboratory strain of 
Act, muris that forms a homogeneous sediment. Arsenic is worth trying in treat- 
ment, but its real value is unknown. According to Heilman’s (1940) experimental 
observations on mice, it is without effect, whereas gold sodium thiomalate protects 
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tlie animals against rapidly fatal doses of Streptobacillus moniliformis, Thongk 
infection usually follows a rat-bite, the outbreak of Haverhill fever studied by 
Parker and Hudson (1926) was traced to the consumption of raw milk, as was 
also another outbreak aifectiug 86 persons described by Place and Sutton (1934). 
How the milk becomes contaminated it is difficult to say, but the excretion of 
the organism in the urine of infected mice and perhaps rats affords a possible 
explanation. The differential diagnosis of rat-bite fever due to Actinomyces muris 
from that due to Spirillum minus has been studied by Allbritten, Sheely, and 
Jeffers (1940). The actinomycetal type has an incubation period usually under 
10 days, the wound does not generally become inflamed when the temperature 
rises, the febrile paroxysms are less regularly periodic, the rash is of the small 
macular or petechial type, arthritis is a prominent feature of the disease, leucocy- 
tosis is common, and the effect of arsenic in treatment is doubtful. In the spirillar 
type, on the other hand, the incubation period is usually longer than 10 days, 
the local wound becomes inflamed when the temperature rises and may suppurate, 
the febrile paroxysms are more regular, the rash is of the large macular or papular 
type, arthritis is rare, leucocytosis is less common, and arsenic is specific in treat- 
ment. Both diseases apparently respond to penicillin treatment (Heilman and 
Herrell 1944), Reference, however, to the excellent review by Brown and Nune- 
maker (1942) suggests that, though some symptoms are commoner in one form 
of the disease than the other, both organisms may give rise to the same clinical 
picture. 

(2) Infective Arthritis of Mice. 

The natural disease produced in laboratory mice by Actinomyces muris has been 
described by Levaditi, Selbie, and Schoen (1932) and Mackie, van Rooyen, and 
G-ilroy (1933), and in wild mice by Williams (1941). It may occur in either 
sporadic or epidemic form, and may be of an acute septicsemic or a more chronic 
polyarticular type. The mortality is high. Infection probably results either 
through bites, or through contamination with urine, which may contain the 
organism. In acute cases the animal appears ill and has a lustreless coat. The 
eyes may be glued together by a semipurulent conjunctival discharge. Death occurs 
in a few days, and nothing characteristic is found at necropsy. The subacute or 
chronic type is characterized by polyarthritis and myocarditis, the former evidenced 
by swelling of the joints, the latter by cyanosis of the tail and extremities. One of 
the commonest manifestations is oedematous swelling of the feet and legs, sometimes 
confined to one or both hind limbs. Ulceration of the feet may occur, but gangrene 
is rarely observed. Paralysis of the hind hmbs, enlargemeni; of lymphatic glands, 
subcutaneous swellings, and keratitis are other manifestations that are not in- 
frequently encountered- The conjunctivitis may suggest infection with Ery, rnuri- 
septica, the swelling and ulceration of the feet ectromelia. Diagnosis is made by 
culture. The organism can often be isolated from the blood, even in chronic cases, 
and from the spleen, liver, glands and joints. Serum agar or Loeffler’s serum 
should be used. Experimental reproduction of the disease in normal mice is readily 
accomplished by inoculation of pure cultures (see p. 386). 
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ACTIXOBAf'ILLOXTS 


111 1902 Ljgiiiei'cs and. Spitz dcfecrdip*] und'^'r h-L'Li nr* .imlut i'iI'a i 
tliat liad occurred in epizootic form amoiig^t cattle in ihr dnSn-j* 

summer of 1900—01. Once a herti bad bf^cona"* iniei' ted tLe "rtO'ai r 4 idr'v. 

attacking 15-25 per cent., sometimes even 5^’ ftmt.. uf tre^ ariiumi- an 

course of a few weeks. After a short time the epizootic die! but M..*raaic 

cases, generally of a mild form, occurred at interval. The inaUi alilliim-' att^iCrOe,! 
were cattle ; sheep were rarely, and horses never attaelosi. Ln eat tie aU aue-^ 
were afiected, from calves of 1 month to aniriiah several year.s old. 

In about 80 per cent, of the cases the ledon wa*- in the ijutane-.n^ ri^-ue 
of the neck ; in about 5 jjer cent, in tbe toiii^ue. With the excel viol of :].e lurcis. 
the internal organs were not often affected. Tbe nio.-t '-trikiim ditbecciu^ fLon. 


actinomycosis lay in tbe frequency 
with which the regional lymphatic 
glands were invaded. In the neck 
the lesion commences as a rounded 
subcntaneous nodule of fibrous 
consistence, adherent to the skin, 
with a smooth hut later pro- 
tuberant nodular surface. During 
the next few days the lesion grows 
rapidly, softens in the centre, and 
becomes converted into a cold 
abscess. In this state it persists 
for weeks or months, gradually 
enlarging. Eventually it ulcerates 
and discharges a highly viscous, 
milky-white or slightly green, 
almost odourless pus, containing 
little greyish- white opaque granules 
up to 04 mm. in diameter. The 
pus is so viscous that it is rarely 
discharged completely ; it forms 



Tig. 270. 

A colony of Actinobacillus lignieresi in the tongue 
of an ox, showing the long, finger-shaped cluba 
(X 350). 


crusts on the surface of a fimgat- 

ing ulcer, which persists indefinitely. The abscesses are usually multiple, and 
frequently occur in difierent situations simultaneously — such as the tongue, 
glands, and lungs. Fibrous tissue is formed around the lesions — as in actinomy- 
cosis. On examination the granules are seen to be simple or composite. They 
consist of tufts of radiating clubs varying in size from about 16 X 8 /i to 
99 X 24: fA, They are stained best by glycerol picrocarmine ; in a few seconds 
the clubs take on a yellow colour, while the pus appears pink. No mycelium 
is found. If, however, the granule is stained with carbol-fuchsin, it is sometimes 
possible to distinguish small bacilli in the granular detritus that occupies the 
centre. Both clubs and baciiH are Gram-negative. A very pretty picture is 
obtained by staining with Ziehl-Neelsen and decolorizing cautiously with 1 per 
cent. H 2 SO 4 . The interior of the colony is blue, while the clubs, being weakly 


acid-fast, are stained red. 

Cultures made from the granules revealed the presence of a very small 
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Gram-negative, non-motile, cocco-bacillus, which Lignites and Spitz called the 
actinobacillus— now called Actinohacillus lignieresi. (Por description see Chapter 
14.) In this country the disease is less acute, and the lesions are more 
localized, though the glands are almost invariably afiected. 

Reproduction of the Disease in Animals. — Subcutaneous inoculation of a pure 
culture into cattle leads to the formation of an abscess similar to that occurring 
in the natural disease, though not all strains are virulent. Fluctuation is apparent 
about the 10th day. The abscess enlarges, and eventually the skin gives way, 
allowing a small quantity of pus to exude. Fungating masses spring up around the 
opening and obstruct drainage. The animals gradually waste. The pus contains 
typical granules. Feeding has not been successful in transmitting the disease. 
A local abscess develops after subcutaneous inoculation of pure cultures into pigs 
and sheep. In horses a large oedematous swelhng is formed, which discharges pus 
after a few days. 

The work of Lignikes and Spitz has been confirmed by workers in several 
countries. Nocard (1902) recognized the disease in France. He pointed out that 
in actinomycosis of cattle the granules in the pus are yellowish in colour and often 
calcified, whereas in actinobacillosis they are greyish-white and rarely calcified. 
Griffith (1916) examined the diseased tongues and lymphatic glands of 44 cattle 
slaughtered in this country. Of these no fewer than 40 showed lesions of actino- 
bacillosis. From 23 of these he isolated a Gram-negative bacillus which had 
the characters of Actinobacillus lignieresi. One of the cultures inoculated sub- 
cutaneously into a calf caused a local lesion containing typical granules. The 
remaining 4 cases, affecting the lower jaw, were due to the Actinomyces bovis. 
In an examination of 34 specimens of actinomycosis ” in cattle slaughtered at 
Islington, Bosworth (1923) recognized Actinobacillus lignieresi 21 times ; from 17 
of the cases he isolated it in pure culture. The other 13 specimens were examples 
of actinomycosis. 

Diagnosis. — The important points are : (1) The location : practically all jaw 
lesions appear to be due to Actinomyces bovis, while lesions of the soft parts — 
tongue, cheek, gum, palatal mucosa, skin, and lymphatic glands — are due to the 
actinobacillus. (2) The frequent involvement of the lymph glands in actino- 
bacillosis ; in actinomycosis the glands are swollen only as the result of secondary 
infection from open lesions. (3) Granules are rarely found in the glands in actino- 
mycosis, very frequently in actinobacillosis. (4) In actinobacillosis the granules 
are paler in colour, and rarely calcified ; in actinomycosis the granules are darker in 
colour and often calcified. (5) In actinobacillosis the granules consist of a central 
mass of detritus containing minute Gram-negative bacilli surrounded by long, 
radially disposed clubs ; in actinomycosis recently formed granules contain a 
central Gram-positive mycelium, together with Gram-positive rods and coccoid 
forms, surrounded by short, radially disposed clubs ; older granules may show 
a few Gram-positive bacillary and granular elements embedded in a Gram-negative 
matrix. (6) In actinobacillosis cultures reveal the presence of a small Gram- 
negative, aerobic cocco-bacillus ; in actinomycosis a Gram-positive, branching, 
filamentous organism, often assuming rod forms in culture, not unlike G. di'phthericB, 
is isolated under anaerobic conditions. During life the agglutination reaction 
may be of value. The serum of animals suffering from actinobacillosis frequently 
agglutinates the causative organism to a titre of 1/50 or over. 
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Actiiiobacillosis rna}” affect sheep, Arcoraifi^" 1 19 ij 

ill 1917 described a pysemic infection of the Lead- (»f >he*‘p die- tu an MrLOirii&iii 
whicL he called Bad. purifaeieas, ])ut wkirh |♦rM^ably ria* ict nojbacinii-. 
Thomas (1931), in South Africa, was tie* fir>t tn a>-uriao. Air iu 

-with Adimhacilhis ligaieresi. The diseav.* \va^ rrktr. e!y iniM u’e.i Mw-urf^d is; 
animals fed on prickly pear. Lesions occur primanh' in th.* iip-. sod 

cheeks, but the mandibular, retropharyngeal. !ii^*dia-tii:a], aiidi bncif i.ial jloi'b 
may also be affected. Single or rnultipjie ar*-‘as of graiiulatton an- iMnid 

on section, with burrowing irregular cavitir.- coiitaining Aicky briuiit 
sometimes showing, on microscopical exaniinatioa, rrty-Hke ibriitJtiMit-, aid ."labv. 
The disease in sheep has also been recorded by Ravaglia ; i931s Italy and M iT'h 
and Wilkins (1939) in the United States. 

Prophylactic ally, Lignicres and Spitz (19023 found that S'^grcgatiMU and kL'ni" 
of infected animals w^as the best procedure. Immime horse serum Wais 
in the treatment of some eases — thoiigh without conspicuous . fodid*' i- 

said to be of much more value in the treatment of actino!*acihu-L> tlkiis of redirco 
mycosis. 

So far as we know actmobaciliosis is very rare in inaii Ra\'aut and Finoy 
(1911), Thompson and Willius (1932), Beaver and Thoiupson (lli33|, and Lanuero!# 
(1941), have each described a case, but in no instance has tlie ideiitihcatirui of tliti; 
causative organism wdth Adinohactllus ligaieresi been entirely .satisfactory. 

Pneumonia in Calves due to Actinobaciilus actinoides.— Smith i'19i8, 192 i| has 
described an epizootic broncho-pneumonia in calves, most common in the 2nd and 
3rd months of life, characterized by areas of consolidation, focal necroses, and 
other lesions. -From the lungs of a number of fatal eases in two separate out- 
breaks he isolated an organism which he called B. actinoides (see Chapter 11). 
In some cases it was present in pure culture, in others it was associated with 
0. pyogenes, H. bronchisepticus, or other organisms. On microscopical examination 
of the lungs, it was seen in the form of slender bacilli situated at the periphery of 
necrotic areas, aggregated into masses in the alveoli and alveolar ducts, or in the 
proliferating epithelium that occupied the smaller bronchioles. On coagulated horse 
serum, tiny whitish flocculi appeared in the water of condensation ; these consisted 
of radiating filaments terminating in clubs. The organism was non-pathogenic to 
laboratory animals, but intratracheal injection into calves was sometimes followed 
by the appearance of small necrotic foci in the lungs, indistinguishable from those 
observed in the natural disease This organism may be more closely related to 
Actinomyces muris {Streptohacillus moniliformis) than to the actinobaciilus of 
Lignieres and Spitz (see p. 381). Jones (1922) has isolated it from the pneumonic 
lungs of white rats. 
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CHAPTER 5-5 


SWINE ERYSIPELAS, EHA^SIPELOIR, MuUSE SKPTItAEHIA, AND 
INFECTIVE MONONUCLEOSIS OF RABPITS 

SWINE ERYSIPELAS 

IXTRODrCXORY 

Swine erysipelas is a disease affecting mainly pigs, and caused ly tile slender 
Gram-positive bacillus, Erysipelothrix rJimtopathiw. Adolescent animals seem to be 
most frequently affected, but it occurs at all ages except during tbe liist 3 months 
of life, when it is uncommon. The finer breeds of pigs are particularly susceptible. 
Four clinical types of the disease are described (Craig 192G). (1) The acute or 
septicsemic form. After an incubation period of 1 to 5 days, illness commences 
with prostration and high fever, anorexia, thirst, occasional vomiting, and con- 
junctivitis. Twenty-four hours later bright or dark red patches appear on the 
skin over the ears, snout, neck, abdomen, and inner sides of the forelegs. The 
mortality is about 80 per cent., death occurring usually in 3 or 4 days. (2) The 
urticarial form, or “ the diamonds.” This is a mild form accompanied by slight 
malaise and fever, and characterized by the eruption on the 2nd or 3rd day of 
well-defined, quadrangular or rhombic patches on the skin of the sides, back, and 
buttocks ; the patches are slightly swollen, deep red or violet in colour, sometimes 
with a pale centre, from 1-5 cm. in diameter, and may become covered with dry 
crusts which are afterwards cast off. Eecovery occurs in a few days ; death is 
unusual. (3) The chronic or cardiac form. This may follow either of the previous 
types, or may arise independently. Warty vegetations develop on one of the heart 
valves, generally the mitral. Death may occur suddenly, or the animals may 
live for several weeks with symptoms of cardiac insufficiency. (4) The joint or 
arthritic form. This may follow the urticarial form, accompany the cardiac form, 
or arise independently. The joints of the limbs become enlarged, due to a sjmo- 
vitis ; the animals are stunted, prefer the recumbent posture, and when induced 
to get up, walk in a stiff fashion on their toes with the back arched. This form 
is not usually fatal, but interferes with growth and fattening. 

Morbid Anatomy. — In animals dying of the septicasmic form the spleen is 
enlarged, the lymphatic glands are congested, the gastric and intestinal mucosae 
are reddened, and the lungs are oedematous ; there are sometimes small haemor- 
rhages on the serous and mucous membranes and beneath the endocardium. The 
bacilli are found in small numbers in the blood, spleen, kidneys, and other organs, 
and in the secretions and excretions. In the cardiac form they are chiefly found 
in, and may be confined to, the vegetations on the valves. 

Epidemiology. — Swine erysipelas is common in this country and throughout 
Europe. In America it has apparently been uncommon in the past, but according 
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to Breed (1938) it seems now to be spreading and becoming of increasing import- 
ance» It occurs particularly in valleys and low-lying districts, and during the 
summer and autumn months. In this country, as a rule, only a few pigs in a 
herd are affected, but on the Continent large epidemics may occur. The causative 
bacillus has also been found to be responsible for outbreaks of polyarthritis in 
sheep, joint-ill in lambs, and for occasional infections in horses, cattle, turkeys, 
and peacocks (see Beaudette and Hudson 1936, Paterson and Heatley 1938, 
Greener 1939), and erysipeloid (see p. 1285) and endocarditis (Bussell and Lamb 
1940) in man. 

The natural disease in pigs is apparently due to intestinal infection, though 
infection by the skin appears possible. The bacilli have been found in the gall- 
bladders of animals that have recovered from the mild type of the disease (Pitt 
19086), and from the tonsils and intestinal mucosa of normal swine (Pitt 1908a, 
Tenbroeck 1920), so that carriers may play an important part in the spread of 
infection. The bacilli are very resistant to the changes associated with putre- 
faction, and may remain alive for months in carcases of buried animals (Losener 
1896) ; it is possible, therefore, that infection may occur by food or water con- 
taminated with infected soil. 

The disease can be experimentally reproduced in swine by inoculation with 
pure cultures (see Chapter 15). 

Diagnosis. — The bacteriological diagnosis of swine erysipelas is made by micro- 
scopic examination of the blood during life, and of the blood and viscera after 
death, for the characteristic slender Gram-positive bacilli. If the organisms are 
too few to be seen microscopically, they may be cultivated on agar, in broth, 
and in gelatin stabs. If contaminated or putrefying material alone is available 
for examination, then the mouse inoculation test should be performed (see p. 398), 
or the material may be plated on 5 per cent, blood agar ^ at pH 6-8 containing 
1 /lOOjOOO sodium azide and 1 /500,000 crystal violet (Packer 1943). The agglutina- 
tion test may be of value, particularly in animals showing evidence of j’oint involve- 
ment. The antigen should be prepared from a smooth strain (see Schoening and 
Creech 1936) . During life examination of the blood reveals a leucopenia, an increase 
in the mononuclears, and the presence of many atypical large mononuclear and 
lymphocytoid cells (Egehoj 1938). 

Prophylaxis and Serum Treatment. — General prophylactic methods are similar 
to those for anthrax (see Chapter 76). 

The routine vaccination of herds has been attempted by two or three different 
methods (Voges and Schlitz 1898). Pasteur and ThuiUier (Pasteur 1882, Pasteur 
and Thuiliier 1883) were responsible for the first method. They stated that if 
the virus was passed through rabbits, it gradually lost its virulence for pigs ; on 
the other hand, if it was passed through pigeons, its virulence was so exalted that 
the final passage virus was more virulent for pigs than even the most infectious 
products of pigs dying naturally from swine erysipelas. Their first vaccine, there- 
fore, consisted of the avirulent rabbit passage virus ; their second, which was given 
about 12 days after the first, consisted of the hypervirulent pigeon passage virus. 
Though it is quite impossible from the available statistics (Chamberland 1894) to 
assess the value of this method, there is a general consensus of opinion that so 
long as its use is restricted to the more resistant commoner breeds of pigs and to 
areas in which the disease is rife, it results in a general lowering of the mortality 
from swine erysipelas. When, however, it is used for protection of the less 
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resistant finer breeds, it frequently causes severe losses, to o or 10 

per cent, of tlie animals inoculated. For this reason its use Las been verv laTiielv 
abandoned. 

The methods now employed are those of sero- vaccination. In Lor^jnzL niPtbo'l 
(1893, 1894, 1896), a dose of immune serum is injf'cted. foliowe i after 4 

and 14 days by injections of living virulent Laciiii. The senini provides a T*a--ive 
immunity, which is converted by the living vaccines, given subsequently, into an 
active immunity. In Leclainche’s method the living vaccine is mixed with the 
serum, and the two are injected together. A second injection of vaccine alune 
is given 10 or 12 days later. Both these methods have bean widely ii.omi!, and 
appear to give satisfactory results. Both of them are open to tLe object tliat 
living bacilli are introduced into the body, with the result tLat tie uiiiinais muv 
become healthy carriers of the disease. Immunization by the use of .lead barilu 
has not yet proved practicable (see Watts 1940p 

In the actual treatment of swine that have already developed the disease the 
injection of 10-30 ml. of immune serum is recommended. 


ERYSIPELOID 

Infection of man with the bacillus of swine erysipelas was first described by 
Eosenbach in 1884 (see Eosenbach 1909). Though, according to Verge (1933b 
a cutaneous, an intestinal, and a generalized form of the disease may occur, the 
first type, usually referred to as " erysipeloid,’' is undoubtedly the commonest. 
It is met with in cooks, kitchen workers, butchers, and in those who handle fish, 
game, or cheese (Klauder 1926, 1932, 1938). Epidemics of the disease have been 
reported. Stefansky and Griinfeld (1930) describe an outbreak at Odessa affecting 
about 200 persons engaged in handling freshwater fish brought by sailing ships 
from the Dnieper and Bug ; while Lawson and Stinnett (1933) in the United States 
report 247 cases of erysipeloid occurring among tvorkers employed in sawing and 
polishing bones in the manufacture of buttons. 

Klauder (1932) says that infection can invariably be traced to contact with 
animals, fish, shell-fish, dead matter of plant or animal origin, or matter derived 
from animals such as hides, pelts, bones, and manure. The organism usually gains 
access through injuries on the skin, including the bites of animals, fish, and Crustacea. 
Where the organism comes from, however, is not so clear. Direct transmission to 
man from swine suffering from erysipelas appears to be uncommon (Bieibaum and 
Gottron 1929), but it is sometimes met with in veterinary students (Morrill 1939). 
Circumstantial evidence suggests that the organism is present in the slimy coating 
of various fish, hut, though its isolation from this source has been recorded by 
Schoop (1936), there is some doubt as to whether the slime is infected under natural 
conditions or whether it becomes contaminated from the flesh during preparation 
for market. Fish can readily be infected experimentally (Hettche 1937, Brunner 
1938). The organism is known to be very resistant to salting and putrefaction, and 
to survive for a long time outside the body. 

However it reaches the skin, it gives rise, after an incubation period of 1-4 days, 
to an erysipeloid lesion characterized by a sharply defined, slightly elevated, 
purplish-red zone, which extends peripherally at the same time as it fades and 
desquamates centrally. The rash is accompanied by considerable swelling, itching, 
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burning, and pain. Eegional lymphangitis and lymphadenitis may develop. 
Arthritis of the finger joints is not umisual. Eelapses are common, and second 
attacks may occur. The milder forms last 2-4 weeks, but the disease may continue 
for months. Eeath rarely occurs, though Eussell and Lamb (1940) have described 
one fatal case of endocarditis in which the organisms were isolated from the blood 
six times during life and from the endocardial vegetations at autopsy (see also 
Klauder, Kramer and Nicholas 1943). 

The bacilli may be cultivated from the deep layer of an excised piece of skin. 
Alternatively tissue fiuid may be obtained for culture by injecting saline into the 
skin at the border of the lesion, and re-aspirating it without withdrawal of the 
needle. 

According to Klauder (1938) the most satisfactory form of treatment consists 
in a wet dressing of 12 per cent, ichthamol in alcohol, formerly he (1926) favoured 
serum treatment, but he has discontinued this owing to the frequency of serum 
sickness, which may prolong the period of incapacitation. He reserves serum 
treatment for infections persisting for a month or more, for rapidly progressing 
infections, and for cases complicated by arthritis. In these he injects 100-150 ml. 
during the course of a few days, most of it intramuscularly, but some around the 
local lesion. Judged by mouse experiments sulphanilamide and sulphapyridine 
do not appear to be of value (Porter and Hale 1939). 


MOUSE SEPTIC MMl A 

Infection with Ery, murisejptica — ^an organism closely related to, if not identical 
with, Ery, rhusiojpathice — gives rise to a natural infection in mice, which spreads 
readily among a herd of these animals, sometimes assuming epidemic proportions. 
The disease was originally described by Koch (1880) as mouse septiccemia. 

The experimental disease produced in mice by the inoculation of Ery. muri-- 
septica corresponds exactly with that produced by Ery. rhusiopatMce (see p. 398.) 


INFECTIVE MONONUCLEOSIS OF RABBITS 

In 1926 Murray, Webb and Swann at Cambridge described a natural disease 
of rabbits characterized by a large-mononuclear leucocytosis, and caused by a 
small Gram-positive bacillus to which they gave the non-committal name Bact. 
monocytogenes. This organism, which has now been met with in a wide variety 
of animals, is often referred to as Listerella, but we have given our reasons (p. 399) 
for believing that it is closely related to the swine erysipelas bacillus, and should 
be called Erysipelothrix monocytogenes. 

Young rabbits, between 1 and 3 months old, are chiefiy affected. They are 
undersized, usually develop a very distended belly, undergo progressive emaciation, 
and often die suddenly. At post mortem the subcutaneous tissue is found to be 
oedematous, looking like jelly. Clear serous fluid is abundant in the pericardium, 
pleura, and peritoneum. As a rule the lungs are oedematous, and contain one 
or more red infarcts, the result of infected emboli. The liver is congested and 
sometimes contains small, round, pale-yellow or grey areas of focal necrosis, 1*5 mm. 
or less in diameter. The spleen is usually small, shrunken, pale pink, and rather 
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tough ; but ill acute cases, and in cases in whicli there is extensive necrosis of the 
liver, the spleen is normal in size or .4itrhtl}’' eii!ari£*^d, soft, and of a dark piirplti 
colour. The adrenals are sometimes -soft and ditHuem, Tlie im*^^mterie lymnli 
nodes are always enlarged and cede mat ou'=;. Ciiiture uf the omani^jii is diihciilt ; 
it may be successful from the mesenteric nodes ; tlie heart’s hlood iivially 
sterile. 

The disease can be reproduced experimentally, and eiLara* IfV 

a monocytosis, and focal necroses of the liver (p. 39^). 


DISEASES IN OTHER ANIMALS CAUSED BY 
ERYSIPELOTHRIX MONOC YTOGENES 

Space does not permit a detailed description of the numerous types of dbease 
to which this organism may give rise. Suftice it to say that it ha< been i^o]^ited 
by Pirie (1927) from a plague-like disease of gerbilles in South Africa, by Gill 
(1933, 1937) from an encephalitic disease of sheep in Xew Zealand known us 
“ circling,’’ by Jones and Little (1931) from cases of bovine encephalitis in Xew 
Jersey, by Tenbroeck (1932) from a sporadic disease of chickens in Xew Jersey, 
by Burn (1933-34, 1935, 1936) in the United States and by Gib, -on (1935) in Scjot- 
land from meningeal infections in human beings, by Seastoiie (1935) in the Urated 
States and by Paterson (1937) in England from a generalized infection of fowls, 
by Schmidt and Xyfeldt (1938) in Denmark and by Pons and Juliaueile (1939) 
in the United States from cases of infective mononucleosis in man, by Biester 
and Schwarte (1939) from meningo-encephalitis of sheep in Iowa, by and 

Schwarte (1940) from meningo-encephalitis of swine, and by Paterson (1940) in 
England from abortion in sheep. (For further references see Paterson 1939.) 

The relationship of this organism to glandular fever is discussed on page 1791. 


REFERENCES 

Biester, H. E. and Schwarte, L. H. (1939) J. infect. Di>., 64, 135 ; (1940) J. Amer. 
vet. med. Ass.^ 96 , 339. 

Beaudette, P. R. and Hudson, C. B. (1936) J. Amer. vet. med. Ass., 88, 475. 
Bierbaum, K. and Gottron, H. (1929) Derm. Z., 67 , 5. 

Breed, F. (1938) J. Amer. vet. med, *4ss., 92, 344. 

Brunner, G. (1938) Zhl. Baht. Ilte Aht., 97, 457. 

Burn, C. G. (1933-34) Proc. Soc. exp. Biol., N.Y., 31 , 1095; (1935) J. Bad., 30, 573; 

(1936) Amer. J. Path., 12, 341. 

Ohamberland, C. (1894) Ann. Inst. Pasteur, 8, 161. 

Craig, J. F. (1926) Ann. Gongr, nat. vet. Med. Ass. G.B.I., p. 163. 

Egehoj, T. (1938) Vet. Rec., 50, 60. 

Gibson, H. J. (1935) J. Path. Bad., 41 , 239. 

Gill, D. A. (1933) Vet. J., 89 , 258 ; (1937) Aust. vet. J., 13, 46. 

Greener, A. W. (1939) Brit. J. Derm. 8yph>., 61, 372. 

Hettche, O. (1937) Arch. Eyg., Berl., 119 , 178. 

Jones, F. S. and Little, R. B. (1934) Arch. Path., 18, 580. 

Klauder, j. V. (1926) J. Amer. med. Ass., 86, 536; (1932) J. industr. Eyg., 14, 222; 
* (1938) J. Amer. med. Ass., Ill, 1345. 

Klauder, J, V., Kramer, D. W., and Nicholas, L. (1943) J . Amer. med. Ass., 122, 938. 
Koch, R. (1880) “ Investigations into the Etiology of Traumatic Infective Diseases;’ 
New Sydenham Society. London. 

Lawson, G. B. and Stinnett, M. S. (1933) 8th. med. J., 26, 1068. 

Lorenz. (1893) Zbl. Bald., 13 , 357 ; (1894) Ibid., 16 , 278 ; (1896) Ibid., 20, 792. 
LOsener, W. (1896) Arb. BeichsgesundhAml., 12 , 448. 

Morrill, C. 0. (1939) J. infect. Dis., 65, 322. 



I2SS SWINE ERYSIPELAS, ERYSIPELOID, AND MOUSE SEPTICAEMIA 

Mijbra¥, E. G. D., Webb, R. A., and Swann, M. B. R. (1926) J. Path. BacL, 29, 407. 
Packer, R. A. (1943) J. BacL, 469 343. 

Pasteur, L. (1882) 0. R. Acad. Set., 95, 1120. 

Pasteur and Thuilliee. (1883) G. R. Acad. Sci., 97, 1163. 

Paterson, J. S. (1937) Vet. Rec., 49, 1533 ; (1939) Ibid., 61, 873 ; (1940) Vet. J., 96, 327. 
Paterson, J. S. and Heatley, T. G. (1938) Vet. J., 94, 33. 

PiRiE, J. H. H. (1927) Puhl. S. Afr. Inst. med. Res., 3, 163. 

Pitt, W. (1908a) Zbl. Baht., 45, 33, 111 ; (19086) Ibid., 46, 400. 

Pons, C. A. and Julianelle, L. A. (1939) Proc. Soc. exp. Biol., N.Y., 40, 360. 
Porter, J. R. and Hale, W. M. (1939) Proc. Soc. exp. Biol., N.Y., 42, 47. 
Rosenbach, P. j. (1909) Z. Hyg. InfeUKr., 63, 343. 

Russell, W. 0. and Lamb, M. E. (1940) J. Amer. med. Ass., 114, 1045. 

Schmidt, V. and Nyeeldt, A. (1938) Bull. Hyg., Land., 13, 628. 

ScHOENiNG, H. W. and Creech, G. T. (1936) J. Amer. vet. med. Ass., 88, 310. 

ScHOOP, G. (1936) Dtsch. tierdrztl. Wschr., 44, 371. 

Seastone, C. V. (1935) J. exp. Med., 62, 203. 

Steeansky, W. K. and Grunfeld, A. A. (1930) Zbl. Baht., 117, 376. 

Tenbroeok, C. (1920) J. exp. Med., 32, 331 ; (1932) See Seastone (1935). 

Verge, J. (1933) Rev. gen. Med. vet., 42, 65. 

VoGES, 0. and Sohutz, W. (1898) Z. Hyg. InfehtKr., 28, 38. 

Watts, P. S. (1940) J. Path. Bad., 50, 355. 



CHAPTER 59 


TUBERCULOSIS 

In' 1868 Viilemin puMislied hk masterly btud\ un the epi.iemioiMiiy t 
and succeeded in transmitting the diseaNC to aiiimaK by diree: iiiuiMiiariiML. K-h h 
in 1882j after an investigation that will always remain as a t-iassioai examph* '^»f 
thorough and accurate bacteriological technique, showed C‘jiifiu>iveiy that the 
tubercle bacillus was the one essential cause of tubercuiosis. The bacillus was 
resistant to all ordinary stains ; but Koch succeeded in staining it by an alkaline 
solution of methylene blue, kept in contact with the tuberculous tissue for 24 h«jurs. 
The bacillus would not grow on any ordinary medium ; but he devised a ne’^ 
medium — inspissated blood serum — on w^hich, after a delay of lU days or so, growth 
first became apparent. Finally by a large series of inoculations with pure cultures 
of the bacillus, several generations removed from the primary one, he transmitted 
the disease to numerous animals of different species. Henceforward the deiiioii- 
stration of the bacillus afforded the sole infallible criterion fur the diagnosis uf aii 
the manifold lesions of tuberculosis. 

THE BACTERIOLOGY OF TUBERCULOSIS IN MAN 

Tubercle bacilli may be divided by cultural and pathogenicity reactions into 
five types — human, bovine, murine, avian, and cold-blooded (see Chapter 16). Of 
these only the first two are found in natural infections of man. It is true that 
natural infections with the avian type have occasionally been described by conti- 
nental workers, but the bacteriological evidence provided has not always been 
convincing. Feldman (1938), who reviewed the literature, could find a record 
of only 13 cases in which infection was probably due to the avian bacillus. In 
this country it was not found once in over 7,800 cases examined (Griffith 1938), 
but 2 cases have recently come to light. 

The extensive work of the Royal Commission on Tuberculosis (Report 1911a), 
supplemented by the more recent findings of A. S. Griffith and of several other 
workers, have afforded us a knowledge of the frequency of tuberculosis in patients 
of different ages, which may he summarized in tabular form (Table 92). This 
table refers only to English cases. In Scotland the percentage of all forms of 
tuberculosis due to the bovine type is higher— often considerably so (see Griffith 
1932<z, 1934, BlacHook 1932, Griffith and Summers 1933, Blacklock and Griffin 
1935, Munro and Scott 1936, Miller 1937, Griffith 1941). In Eire the information 
available suggests that the figures for non-pulmonary infections are much the 
same as in England (Mushatt 1940). Taking all ages into consideration, it will 
be seen that the majority of infections are due to the human type. About 1*5 per 
cent, of pulmonary and about 30 per cent, of non-pulmonary tuberculosis at all 
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ages in England and Wales appear to be caused by the bovine type. Infections 
of bovine origin are comnionest during tbe first five years of life, and relatively 
uncommon in adults. The main organs affected by tbe bovine type are the gastro- 
intestinal tract and its associated lympbatic glands, particularly those of the 
cervical and mesenteric group. About 80 per cent, of cases of primary abdominal 
tuberculosis are due to the bovine type (Blacklock 1932, Griffith 1938) ; but 
secondary abdominal tuberculosis, which occurs most frequently as a late compli- 
cation in pulmonary tuberculosis, is generally due to the human type. Lupus 

TABLE 92 


Frequeitcy oe BovnsTE Tubercle Bacilli in Human Beings. English Statistics. 

(Griffith 1938.) 



0 to 4 years. 

5 to 14 years. 

All ages. 

Variety of Tuberculosis. 

Per cent. 
Bovine 

Per cent. 
Bovine. 

Xumber of 
Cases. 

Per cent. 
Bovine. 

Cervical gland 

91-3 

54-2 

128 

50-0 

Lupus 

584 

444 

191 

48-7 

Scrofulodermia 

53-3 

43-3 

60 

36-6 

Bone and joint 

29-5 

194 

554 

19*7 

Genito-urinary 

— 

— 

23 

174 

Meningeal 

28-1 ! 

24-5 

265 

24-6 

Pulmonary 

— 

— 

3,103 

14 

Miscellaneous 

33-3 

94 

23 

8-7 


occupies a peculiar position ; 48-7 per cent, of the strains are of bovine and 51*3 
per cent, of human type. But generally both human and bovine strains are 
atypical ; their cultural reactions conform to the standard of one or other type, 
but their virulence for animals is lowered. Since these atypical variants are 
found almost exclusively in lupus, it is probable that the degradation in virulence 
results from the sojourn of the organisms in the skin (Beport 19116). There 
is no evidence that it is due to the effect of fight, as has been supposed, since 
organisms of lowered virulence are isolated both from exposed and unexposed 
areas. A. S. Grifdth (1924) concludes that the changes occurring in the organisms 
cultivated from lupus lesions are not merely degenerative, but are the result of 
adaptation of the bacilli to sojourn in the skin. As a rule, by passage of atypical 
bovine strains through calves or rabbits, their full virulence is regained. Passage 
of atypical human strains through guinea-pigs or monkeys has not been successful 
in restoring their virulence (A. S. GrifS-th 1924). Atypical strains may be found 
in conditions other than lupus ; thus in an investigation of 261 strains isolated 
from human cases of bone and joint tuberculosis Eastwood and F. Griffith (1916) 
encountered 10 atypical strains. Sometimes these atypical strains are found on 
further investigation to consist of a mixture of bovine and human bacilli (Beport 
1911c). 

Approximately one-quarter of all cases of tuberculous meningitis and cerebral 
tuberculosis appear to be due to the bovine type (see Griffith 19326, 1934, Blacklock 
and Griffin 1935, Griffith and Menton 1936). The proportion is greater in the lower 
than in the higher age groups. 

Pulmonary tuberculosis has been generally held in the past to be due almost 
exclusively to the human type of bacillus. A. S, Griffith (1914), for example, 
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collected figures referring to 933 cases in which the causative organism had been 
typed, and found that in only six lia<l a bovine type been isulat^'e! : in three of 
these it had been a^^ociated with a bacillus of hii!na!i typp. More rereiitlv, how- 
ever, this conception has been clulienged Munru and Griihth 192“', ^iridith 

1930, 1940, Griffith and Munro 1933. f^aniining el aL 1933, Waiker 1931, Gritiith 
and Smith 1935, 193 k, 1940, Tobienui ct al l935a, k Laii_ec B. TkOTi. h has 
been shown that in Scotland and in Xorthern EngLiiid an proportion 

of cases are due to infection with the br>vine ty].p (Taifle 93). Tin^ far 

differences between different parts of the country i< to b^* found in riie iiiglew 
incidence of tuberculosis in cattle in the northern half of Gn-'at BriTain. 

TABLE 03 

Eeeqtjexcy of Bovine Tubercle Bacilli in Pc'lvunary Triuun ulo-i- iv nnnnmxT 
Farts of Great Britain and Irelcno. 

(Gumming 1935, Griffith and Smith i94n, Griffith 1041, Griffith and .Munr-^ I", 44, Cit’nill •nai 

Lynn 1044.) 


Area 

, No. of htraiiib 'Exunam \i 


Scotland, North-east .... 

. . 972 

7-0 

Rest of Scotland 

. . 1,707 

5 i 

England, North and 5Iiddle 

. . 3,210 

2-0 

Wales 

. . 201 

1-0 

England, South 

. . 9S0 

o-O 

Ireland 

. . 320 

0-fS 


Summarizing^ we may say that infections in this country with bovine tubercle 
bacilli occur mainly in children ; in adults they are less common. The usual 
types of infection due to the botdne bacillus are glandular and alimentary tuber- 
culosis, together with miliary tuberculosis and meningitis in infants and young 
children. In pulmonary tuberculosis, though it is much less common than 
the human bacillus, it is sufficiently frequent to demand serious attention. 

EPIDEMIOLOGY 

Tuberculosis is an infectious disease that spares neither age, sex, race, nor 
nationahty. The pulmonary form was described by Hippocrates, and spinal caries 
has been observed in the mummies of ancient Egypt (Smith, E., 1909). With the 
spread of civilization it became more rife ; but now, in the more highly civilized 
countries of the world, it is declining. The main features of its epidemiology, as 
enumerated by Villemin (1868), are still generally true : 

(1) Tuberculosis is uncommon in mountainous areas. It is comparatively rare 
in the mountains of Hungary and Styria, in the Carpathians, the Engadine, the 
Pyrenees, the high plateaux of Abyssinia and Armenia, in the Western Ghats 
and the Nilghiries, in the Himalayas, the EocMes, the Andes, and the high plateau 
of Mexico. 

(2) It increases proportionately to the degree of crowding, and is especially 
common in the capitals, and great commercial and manufacturing towns. 

(3) It attacks particularly persons who live in closed communities, such as 
prisoners, soldiers, and religieux. 

(4) It spares those people who live in small communities, in the open air, or 
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in a savage or nomadic state. The wandering Arabs, for example, rarely contract 
tuberculosis ; but it is common amongst the Arabs who have exchanged their 
tents for stone houses. 

(5) It is very common among troops living in barracks, but is uncommon in 
the field and among troops who are not living in barracks. At the time at which 
Villemin wrote, the mortality from tuberculosis in the Army during peace time 
was from 5 to 12*5 per 1,000 ; in the field, however, the mortality was very much 
lower. As an example, he quotes the case of the Allied Armies before Sebastopol 
during the winter of 1854r-5 ; even though they were living under most unhygienic 
conditions, and were subject to poor food, severe cold, and excessive fatigue, cases 
of tuberculosis were very rare 

(6) Close contact in small, badly ventilated dwellings leads to the development 
of the disease. 

(7) Though at one time unknown in Australia, New Zealand, North America, 
and parts of Polynesia, it has become a scourge in these countries since the advent 
of Europeans. 

(8) Bovine tuberculosis, like human, increases with close contact and over- 
crowding ; when it appears in a byre it generally attacks large numbers of animals. 

All these facts bring tuberculosis into line with the other zymotic diseases. 

Mortality from Tuberculosis. — Table 94 shows the annual mortality from 
tuberculosis of all forms and of the respiratory system in this country during the 
last 80 years. 


TABLE 94 

Showing the Annuae Mortality per 1,000 Persons living in England and Wales from 
Tuberculosis. (Standardized Death Rates.) 


Years. 

Tuberculosis 
(all forms). 

Tuberculosis of 
Respiratory System. 

1851-55 

3-638 

2-890 

1856-60 

3-328 

2-663 

1861-65 ' 

3-316 

2-625 

1866-70 

3-217 

2-558 

1871-75 

2-956 

2-327 

1876-80 

2-818 

2-141 

1881-85 

2-558 

1-922 

1886-90 

2-342 

1-704 

1891-95 

2-138 

1-504 

1896-1900 

1 1-912 

! 1-337 

1901-05 

i 1-739 

; 1-208 

1906-10 

1 1-556 

1 1-082 

1 1911-15 

i 1-389 

1 1-005 

1 1916-20 

1 1-359 

1-009 

1921-25 

1-065 

0-816 

1926-30 

I 0-922 

0-721 

1931-35 

1 0-782 

0-620 

1936 

1 0-658 

0-526 

1937 

0-658 

0-524 

1938 

0-603 

1 1 

0-477 


^Mortality refers to civilians only. 


It will be seen that the mortality has steadily declined since 1851 — the first 
year for which standardized death rates are recorded. Several causes have been 
alleged for this decrease, such as better housing and sanitary conditions, improved 
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s<jrial liaKits, diiiiiiiiHiied aJs-L'ird of li-. iuaa 

hegrcgatioii of a«lvaii€ed -Hoarnroi:!. , aL*! t!,fr d**; ‘Oiiaait of a 

raria! iiiiitiiiiiity. It is oxtreiiialy diffi* ii]t to iS fu'-ror,-* 

Greenwood and Woltf ar«* of tL<; ooiiuott d:a! u^o-ai^^r wAS'*- ijo a-''rd>*»d 

to social, liygieiii<*, and cultural i!!ipro\auia‘ur- tlaaii to f*io o-,* o' -Uf'i a- 

the progre<&ive Increase iii the re>i-ra!ir^' of ?}ie* r.e'o tiiro,.:£a i or .ua. liec 
ai'quired iinuiunity. 

WoilF i 1035) points out that the tuben-ule<,'is •r+uLty ln.-z dt-'ina-d i:.« ^re Oi M*c iivl'i'*- 
trialized States of Europe than jii tho^e \vhi'di are .-till iiiauuy a jrf'iil! era i Tuf* o oo 
reason for this, he believes us that the ^tamlard of hvr.u siud Uf^rS *< ■* i il sr*- 

on a higher level hi the iinlustnally devehjpod than in au'neuir * 4111 ! > o icSv Mu -h rb 
same thesis is put forvrard by Kaskett 1 193i> "aiio maintain' tint m J; rvwO/^-d * o sn^ra' 
the phthisis iiiortatity is inversely eurrelatod ’ivith tin* le\oi of rial 'ua.s Th it luoe'j.'' a. 
factors are also operating, however, is almost certain. ( »'0*hfel i, aisl iV' in i^r 

(1931), for example, point out that in Swedeii durim: fli** j<a-t e»*nt:iry tla-n i, a 

eentrifiigal spread in the fr<‘qyemy of the disutme. A ln4iidn^'i yM/ir> 'ijo tie* 
death rate from tuberculosis ’s\ as in Sodennanland. here n* or it 1 X* rb" cn n , 
whieli 100 years ago was relatively free from the di'^cu.-e, is now •'poeiady aiTrrt^ d. The 
suggestion is that the resistance of a piopulathtn iii uhidi the dio-u'^"- lias iie*m pn-’^aleijt 
for suino generations is greater than that of a population euniing into contiePt with tuber' 
culosis for the first time. Further evidence in support of tliis thesis u'ill !;e fouiid in .t 
later section dealing with tuberculosis in native races. 

Among the social factors that are of importance great ^tre^', is Ind Isv W'ultf iI03h^,( 
on diet and by Hart and Wright (1939) on housing. Then" is little exact know iu 
the influence of diet. Shortage of first-chi^'s prot<-ins was regarded lev Faler 'ItdlS, 
being largely responsible for the rise in tuberculosis mortality that occurred 111 we^n.ni 
Europe during the war of 1914-18. Experimentally there is >oiue evideiu'e that ariiiijal*- 
fed on a plentiful diet are more resistant to infectu^n than tliostj on a meaure and 
that Vitamin A deficiency may lower their resistance Isee IlobtTtsoii 1934, CLiUsen 1934, 
and Chapter 54). Ivon and Haddock (1938), howe\ er, w'ere unable to confirm the import- 
ance of Vitamin A in the protection of pigs against experimental infect ion. Osborn and 
Gear (1940) have pointed out that animals, hke the dog and the rat, which can synthesize 
their own Vitamin C, are more resistant than those, like man, the monkey, and the guinea- 
pig, w^hich cannot. Dming the war of 1914-18 the death rate from tuberculosis in German 
cities, which w'as only 1-57 jier 1,000 in 1913, rose in 1918 to 2*87. In Warsaw by 1917 
it had reached 8*4 per 1,000, and in Belgrade, as the result of the military occupation 
and want of food, it rose to the enormous figure of 14*0 per 1,000 (Dublin, see Opie 1929). 
In the second w^orld war there 'was again an increase in mortality. The factors that may 
have plaj-ed a part in this rise in Great Britain are discussed in a report by the Medical 
Besearch Council (Report 1942). 

Without in any way minimizing the desirability of active public measures against 
tuberculosis, it may be pointed out that the decline in the tuberculosis death rate 
in this country set in long before the establishment of hospitals, sanatoria, or 
dispensaries for the treatment of patients suffering from the disease, indicating that 
the underlying social, economic, and biological causes were able by themselves 
to effect a considerable reduction in the mortality from tuberculosis in the absence 
of any ad hoc public * health interference. 

Some Factors affecting: the Mortality from Tuberculosis. 

Occupation.—Occupation is of importance. In this country the mortality from 
pulmonary tuberculosis is below the average for all males in fishermen and coal- 
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miners, but is higli in stone and slate quarrymen, in cutlers, file-makers, earthenware 
manufacturers, and highest of all in the Cornish tin-miners. All trades, in fact, in 
which the men are exposed to the inhalation of particles of metallic or stone dust, 
particularly dust containing silica, have a high mortality rate from pulmonary 
tuberculosis. Eoth experimental and field work have shown the predisposing action 
of silica towards tuberculosis (Gye and Kettle 1922, Kettle 1924, 1930, Hart 
and Aslett 1942). 

Though not strictly relevant to occupation, it may be pointed out that tuberculosis 
mortality is much higher in mental patients, particularly in schizophrenics, than in the 
general population. For example, according to Deegan, Culp and Eeck (1942), the death 
rate from tuberculosis during 1937-39 in mental institutions in New York State, outside 
New York City, was 6-18 per 1,000 as against 0*51 per 1,000 in the population as a whole, 
that is, over 12 times as high. 

Age and Sex. — have no space to analyse the age and sex incidence fully. 
Table 95 shows the high mortality of the disease in the 0-5 age group ; the fall 
during the period of adolescence ; the great increase in mortality, especially in 
women between the ages of 15 and 30 ; and the high mortality in men between 
the ages of 40 and 55 from what is known as the late adult type of tuberculosis. 

TABLE 95 

Dej^ths from Tuberculosis in 1934 in England and Wales classified according to 

Age and Sex. 


j 

Tuberculosis (all forms). 

Tuberculosis of Bespiratory 
System. 

Age Group. 

1 





Males. 

Females. 

Males. 

Females. 

AE ages 

17,448 

13,434 

14,734 

10,948 

0 1 

242 

171 

39 

18 

1-5 

693 

615 

83 

65 

5-40 

337 

349 

69 

59 

10-15 

335 

414 

101 

214 

15-20 

901 

1,412 

688 

1,198 

20-25 

1,843 

2,194 

1,604 

1,983 

25-30 

1,748 

1,905 

1,570 

1,757 

30-35 

1,678 

1,485 

1,527 

1,369 

35-40 

1,494 

1,118 

1,371 

1,022 

40-45 

i 1,473 

900 

1,378 

796 

45-50 

1 1,707 

776 

1,624 

705 

50 55 . - 

1 1,662 

624 

1,576 

646 

55-60 

i 1,402 

510 

1,316 

435 

60-65 

927 

382 

889 

333 

65-70 

637 

289 

580 

229 

70-75 

232 

168 

209 

131 

75-80 

102 

80 

85 

63 

80 and upwards .... 

35 

42 

25 

25 


During the present century a great change has come over the age and sex 
distribution of tubercuiosisl Eeference to Fig. 271 will show that during last 
century and the first decade of the present century the mean annual death rate per 
100,000 living was highest in infancy and early childhood, while in 1933 it was 
highest in the 20-25 age group. 

The fall in the death rate during the early years of life has been most striking. 
This is almost certainly attributable to some extent to the much greater care now 
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exercised in iiifaiit welfare, and to the more general provision of pasteurized 
milk (see Drolet It may he noted that the higlie>t tiihereiilrisis aiortalitv in 

children occurs during the 1-2 age groupo and due to various types — respiratory, 
meningeal, abdominal, miliary, and ehniiiie di^staninat^^d. MeuinaiTis alone is 
responsible for about 50 per cent, of the total dt^aths duriuir tho hr-t 10 3 'ear,- of life. 

The death rate in young adults, on the othor hand, inis undergom- iiiUeh le-- 
alteration. Most of the deaths in this group are <iiie tu pulmonary ruPen-ulo-i-, 



Ace iM Years 
Fig. 271. 


Death rates per million from tuberculosis 
(all forms) at ages. England and 
Wales 1851-60, 1901-10, and 1933. 



A<^Z- /re i ii.AJS s 

Fig. 272. 

Death rates per million from pulmonary 
tuberculosis at ages for each sex, Eng- 
land and Wales 1901-10 and 1927-30. 


and as Kg. 272 shows, the death rate from this form is much higher in females than 
in males in the 10-30 age group. Indeed the female pulmonary tuberculosis death 
rate in the 20-25 age group is practically identical with that in the first years of the 
century. 

After the age of 30 the male pulmonary tuberculosis death rate increases, till 
in the 45-55 age group it is nearly three times that of the female death rate. ^ The 
reasons for these differences are not apparent, and though they are often lightly 
attributed to changes in the general mode of life of young women during the present 
century, and to the greater strain of competitive existence among men, the reasons 
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aie imdoiibtedly coDiplex, and we shall do well to refrain from attempting to 
simplify them unduly. We may note that the changes in the age and sex distribu- 
tion of tuberculosis are not confined to this country, but are reflected in greater or 
less degree in the statistics of many other European countries and of the United 
States of America (see Dow and Lloyd 1930, Drolet 1930, Whitney 1931, MacNalty 
1932, Hill 1936, Hart and Wright 1939). 

Race and Civilization. — Certain races seem to be more susceptible than others ; 
thus the Negroes in North America suffer much more severely than the white popula- 
tion. In eight of the great cities of the United States, the mortality from tuber- 
culosis in 1920 amongst the white population varied from 0-794 to 1-216 per 1,000 



living, whereas amongst the coloured population it varied from 2*855 to 4*405 per 
1,000 (Mossell 1923). Jews, on the other hand, are said to have a high resistance 
(see Arnould 1936). In Fig. 273 is represented the incidence per 1,000 from tuber- 
culosis amongst different races living under military conditions. 

It will be seen that the differences in mortality between different races are very 
striking. There are so many factors influencing the distribution and mortality of 
tuberculosis that it would be unjustiflable to conclude that all these differences are 
due to a lower genetic resistance of the coloured than of the white races. The 
environment in which the two races live, the level of personal and social hygiene, 
the nature of the diet, and numerous other factors vary widely, and we know 
of no data in which the mortality of the disease is compared in coloured and 
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white siibjeet.s li\i!ig iiiicler c»>Ldil 

infection from birth upwards b-e*'* Kr.iu-n 
1935). 

In primitive peoples living in tbdr 
occur or is comparatively uncommon. TLi 
be not an expression of iniieront 
ditions, but is rather due to the la^ k of opi 
bacillus. Once tlii^ oruaiii'^in is iuiponc'd- 
Europeaiis— the disease may spread rapidily, 
are suitable. The same happens wh^m prim 
and take up residence in a civilized area. 
Many of them become infected, <foiifract 
a severe form of the disease, and die. 

This sequence of events has been noticed 
by several competent observers. Cuiiiriiiiis 
(1908) found that the death rate from tuber- 
culosis amongst the Sudanese in the Egyptnin 
Army was considerably higher than amongst 
the Egyptians (Fig. 273 j. In their native 
country tuberculosis was rare ; but tv hen 
they were brought into contact with more 
civilized peoples, they proved to be very sus- 
ceptible to the disease. ^letelimkolf, Burnet, 
and Tarassevitch in 1911 reported that the 
nomadic Tartar Ivalmuks 50 years ago were 
practically free from tuberculosis ; but that 
under the influence of increasing contact 
with the Russians, they were becoming more 
and more infected by the disease. In the 
central parts of the Steppes cases 'were un- 
common, but at the periphery, where contact 
with civilization occurred most freely, tuber- 
culosis was very frequent. Coleman, report- 
ing on the North American Indians, brought 
evidence to show that tuberculosis was un- 
known before the advent of Europeans. 



With the advance of civihzation, however, it 


Fig. 274. 


has become increasingly common. The toll Comparative percentages of positive cutaae- 
of life levied by the disease in some tribes is ous tuberculin reactions in primitive and 

enormous ; in 1896, for example, amongst civUized peoples. (After Cummins.) 


the Oglalas the incidence of tuberculosis was 

148*7 per 1,000, and the death rate 24-88 per 1,000. Borrers (1920) observations on the 
Senegalese troops during the war of 1914— 18 are of interest. In the villages and interior of 
Senegal tuberculosis is rare ; but w^hen the Senegalese troops were brought to France, 
large numbers of them developed tuberculosis. The longer their stay was in France, the 
higher was the incidence of tuberculosis amongst them. After 1 year’s stat" the mortality 
from tuberculosis was 2 per 1,000 ; after 3 to 4 years’ stay it was 15 per 1,000. In 1918 
the case incidence was as high as 36*1 per 1,000. (For references to these and other 
observations see Cummins 1911-12, Westernhoefifer 1911, Bushnell 1920.) A study ot the 
tuberculin reaction (see p. 1300) shows that in primitive peoples the proportion of 
positive reactors is low ; but that the more they come into contact with civilization, the 
greater is the proportion of reactors (Fig. 274). 
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Not only, however, is the mortality from tuberculosis high amongst primitive 
peoples brought into contact with civilization, but the type of disease tends to 
diher from that usually met with in civilized countries. Instead of the localized, 
slowly spreading, ulcerative type of phthisis, the disease often pursues a rapid 
course, fatal in a few weeks to a few months. Pathologically, the glands at 
the site of infection — generally the tracheo-bronchial group — are enormously 
enlarged and caseating, and there are miliary tubercles throughout the body. 
The tissues seem to be devoid of resisting power ; there is no fibrosis, no limitation 
of the lesions, and no attempt at healing. 

This acute type of tuberculosis recalls the type that is met with in infants of 
civilized peoples. A fairly high proportion of infants who become infected with the 
tubercle bacillus develop an acute, fatal disease, generally of the miliary type. That 
this is true is shown by the combined evidence of the tuberculin test, the mortality 
statistics, and post-mortem findings (see p. 1303). After the first year of life in 
civihzed peoples, tuberculosis assumes a subacute or chronic course, and the miliary 
spread is seen only as a fatal termination, not as a primary manifestation of the 
disease. But in uncivilized races brought for the first time into contact with 
tuberculosis, the acute, fatal, miliary type is seen quite commonly even in adults. 

At the present time there must be very few native races left that have not had 
some degree of contact with civilization. Tubercuhn surveys carried out in recent 
years have shown that most native races are now undergoing a process of tuber- 
culization, and it is to be expected that the acute miliary type so often met with 
in peoples brought into contact with tuberculosis for the first time will gradually 
give way to the more chronic types characteristic of civilized peoples. See Paneth 
(1928), Scott (1929, 1935), Editorial (1929), Duch^ne (1929), Goodale and Krischner 
(1930), Kleine (1930), Schwetz (1930), Schwetz et al. (1930), Grasset and Perret- 
Gentil (1930), Whitney (1931), Pinner and Kasper (1932), Eeport (1932b), Keview 
(1933), Sauvan (1935), Eodriguez Pastor et al, (1935), Long (1935), Cochrane (1937), 
Carmichael (1938), and numerous papers in the American Review of Tuberculosis 
and the Tropical Diseases Bulletin during 1936 to 1945. 

Heredity. 

The part played by heredity in predisposing to tuberculous disease is still an 
open question. Before the discovery of the tubercle bacillus, the disease was 
believed to be inherited. It is difSicult to decide, however, from the observation 
that the disease tends to run in families, how much is due to inferior genetic resist- 
ance and how much to household exposure to infection. The milder nature of 
the disease in old-established civilizations than in primitive peoples coming into 
contact with civilization for the first time may be due to a process of weeding 
out by natural selection of the less genetically resistant members of the population. 
Explanations of this sort, however, though plausible, cannot carry conviction. 
As has already been pointed out (p. 1296) only a comparison of the morbidity and 
mortahty of the disease in, for example, coloured and white subjects hving under 
identical conditions and exposed to the same risk of infection from birth upwards 
can give us a satisfactory answer. Eecent observations on animals and on human 
beings, however, do suggest fairly strongly that inherited resistance to tuberculosis 
varies widely. 

Carmichael (1938), for example, found that the incidence of tuberculosis among the 
long-homed Hamitic cattle belonging to the Bahima people of Ankole was much higher 
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than among the humped Zobu cattle of Uganda, ev*‘n th mgh tiie ein-ironiiieiifal erm- 
ditions appeared to favour the Haitiitio* variety. Though these animal lived almost 
entirely in the open air, 80 per cent, of them r«'aete<l to tuberculin, ie.^h than 

1 per cent, among the Zebu cattle. 'BH>ide> Iteimj n^^L'^tant to natural inff^ctiuo, tie* 
Zebu cattle proved almost entirely refractory tu experiment al inoeulatiori. Lfiri^ niMl} 
studied six inbred families of rabbit'^, and found a uidt^ difFen-no* in th*ur rr-'imnsK to 
infection with bovine tubercle bacilli, \\!ieth*T inliatod as fho re-uit of natural -'oihafl 
or inoculated jiarenterally. In the animals of the most re-^iNtant f.nuly die lunu 
tended to be localized, and the primary focus pr'c*rm'--ed ^l»»vly, b»'c:u..e 
and underwent cavitation. In the aniniah t»f the uej-t su-o-pnldt finc.ly httf' u* 
localization occurred, and the disease \\a^ of thn rapidly tein-e 

It is important to point out that in all the animals tlie* pi )jr« --Ive ; fh- I'ha f 

difference lay in the rate of progression. It \\d< aho lound ihat v. hmu th-- hi-hb 
administered artificially by the respiratory tra<*t, the difibreii-e )h tu< :h- ian/l - s 
noticeable only when the dose was small; abovf- a cTitical i-vei tfie nbblt- - d* i't-n die 
most resistant family succumbed rapidly to the mfection. No one fact'*r -*^ei'ioi Im 1 
responsible for the differing resistance of the different rabbit fandlie,-. S-vemi fi/V 
were apparently imphcated. Thus it was found that low skin [»»-rniearulity ti * ^iic injet >n 
of Indian ink, rapid and intense development of alierga* M'UMtiviU, anfi rapid .tml hiuh 
production of antibodies were associated with resistance ; whereas high -km pHrni-abiiity, 
slow and feeble development of allergic sensitivity, and tardy and poor production ttf 
antibodies were associated with susceptibility (see aLo Lurie i944h’. 

A careful study by the twin family method on the siLsceptihility of huinuL 
beings to tuberculosis by Kallmann and Reisiier (1943u, h) goes far toward^ con- 
firming the conclusions reached from animal experiments. In co-operation will; 
the tuberculosis hospitals and clinics in the State and City of Xew Y(»rk a study 
was carried out on 308 complete twin families, comprising 616 twin partners, 
930 full siblings (both parents in common), 74 half-.sibliiigs (one parent in comiiionb 
688 parents and 226 marriage partners of twin patients. Among the 308 twin 
pairs there were 78 monozygotic (uniovular) and 230 dizygotic (binovular) pairs. 
When a twin developed tuberculosis in an institution or was admitted to a ho^pital 
or clinic, the other twin was examined. The first tvrin was termed the index 
case. The investigation was restricted to pulmonary tuberculosis in twins 15 years 
of age or over. Corrected tuberculosis morbidity expectation rates were worked 
out to estimate the chances of a relation of a twin index case developing manifest 
tuberculosis ; they were as follows : Marriage partners 7-1 per cent. ; half-siblings 
11*9 per cent ; parents 16*9 per cent.6 full siblings 25*5 per cent. ; dizygotic 
twins 25-6 per cent. ; monozygotic twins 87*3 per cent. These figures indicate 
that the chances of developing tuberculosis increased in proportion to the degree 
of blood relationship to a tuberculous index case. Monozygotic twin partners, 
it will be noted, were 3*5 times as likely as dizygotic twin partners to develop 
tuberculosis if the co-twin had tuberculosis. These differences could not be 
explained on tke basis of greater exposure of monozygotic twins to infection. 
It was further observed that the morbidity expectation among siblings and dizy- 
gotic twins was about twice as bigii for the descendants of tuberculous parents 
as for descendants of non-tub erculous parents. Further studies along these lines 
in other parts of the world will be awaited with interest. 

The Frequency of Tuberculosis. 

In this country tuberculosis is a notifiable disease, and it might be thought that 
the number of notified cases would afford a fair estimate of the frequency of the 
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disease^ In fact^ however, this 
is not so. For various reasons 
— medical and social — large 
numbers of cases are not 
notiihed, and the resulting 
figures sometimes scarcely 
exceed the deaths. They are 
in fact so unreliable that^ since 
1931, the Eegistrar- General has 
ceased to publish them in his 
Annual Eeport. Neither the 
morbidity nor the mortality 
statistics afford any adequate 
idea of the prevalence of tuber- 
culous infection. To obtain a 
satisfactory idea of this, it is 
necessary to resort to three 
other sources of information, 
namely, the tuberculin test, 
post-mortem statistics, and 
X-ray examination. 

Latent Tuberculosis as re- 
vealed by the Tuberculin Test. 
— The tuberculin test as used 
by von Pirquet (1907) consists 
in placing a drop of tuber- 
culin on the forearm and a 
drop of 50 per cent, glycerine 
adjacent to it as a control. With a small lancet a scratch is made through each 
of the drops. A positive reaction is denoted by the appearance within 24 or 48 
hours of a bright red papulh, at least 5 mm. in diameter at the site of inoculation 
of the tuberculin ; later the colour becomes dark red, and the lesion disappears 
in about a week. This may be called a primary positive reaction. In some 
persons, however, the reaction is delayed for a few days, or occurs only after a 
second inoculation a week later — ^torpid or secondary reaction. From a large 
series of tests, it would appear that a primary positive reaction is evidence of 
the existence in the body of a comparatively recent tuberculous lesion, which 
may or may not be actively progressing. A torpid or secondary reaction is 
believed to indicate the existence of an old tuberculous lesion in the process of 
healing. Complete failure to react is regarded as evidence that the person has 
never come into contact with tuberculosis, or that healing has occurred. Von 
Pirquet’s original technique has been modified by many subsequent observers, some 
of whom lay stress on the advantages to be gained by using varying dilutions 
of tuberculin, and so obtaining quantitative results. ' 

Using this test, von Pirquet (1909) examined 1,134 clinically non-tuberculous 
infants and children in the Escherich Clinic at Vienna. The patients belonged to 
the lower classes, and were probably more heavily infected with tuberculosis than 
were the children of the higher social classes. It is important to remember in 
interpreting the results, given in Table 96 and Fig. 275, that tuberculosis was 
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The figures fur the older age groups are rather siuall : Lat ir i- cl* ur thuT 
the age of 10 years about 70 per cent., and by the age of !i pr'^laTlv u\ef 0»"f 
cent., of children were infected with tuherculosis. It will i noiieed tliar torpid 
or secondary reactions were uncommon under 5 year.^. but Lwa«lua!l';' inereased 
with age ; this may be taken to indicate that quite a high propor'<'ion of i'liiliireit 
between 5 and 14 had old, and p»robably bealing, tiiberculouH fori. 

Similar investigations undertaken by various workers have that in the 

large cities of Europe, such as Paris, Vienna, and Prague, a]»oiit 21* p<er edit, of 
children are infected at the age of 2, 55 per cent, at 5, and V«« p^r rout, at lo ; 
of adults 97 per cent, are infected (Mantoux 1910, Calmette et aL 191 1, ^ 

The von Pirquet test is now being gradually displaced by the graihd liTniduinai or 
Mantoux test. In surveying a given population it is usual to inoculate OT ml. of a 1 lu,n« m i 
dilution of old tuberculin (O.T.) intradermally into the forearm. A positive reaction 
is characterized by the development within 12-72 hours of an area of oedema or iiitluration 
at least 5 mm. in diameter ; many w'orkers insist on a minimai diameter of ill ram. 
Erythema of varying ext^t'is usually present, but by itseE does not constitute a positive 
reaction. If the reaction is negative after 48 hours, a second injection is given, using 
0*1 ml. of a 1/100 dilution. Lower dilutions are now seldom employed, since the reaction^ 
to them are often non-specific. In the past an injection with a 1 LWO dilution was 
commonly used for negative reactors to the 1/10,000 dilution ; but experience has sliown 
that it is safe to proceed directly to a dilution of 1/100. A positive von Pirquet test corre- 
sponds approximately to a reaction to the intradermji.1 inoculation of 1 ' 1,000 tuberculin. 
Since the use of a 1/100 intradermaEy may detect 5-15 per cent, more reactors than the 
1/1,000 dilution (Hetherington et al. 1929, Dow and Lloyd 1931, Hart 1932), it is clear 
that the graded intradermal test is more sensitive than the von Pirquet test. Old toher- 
culin is now often replaced by the purified protein derivative of tuberculin (P.P.D.) 
described by Seibert (1934, 1941a). For routine purposes this is given usuaEy in a first 
dose of 0*00002 mgm, and a second dose of 0*005 mgm., corresponding approximately to 
doses of 0*002 mgm. and 0*5 mgm. of O.T. (Long, Aronson and Seibert 1934). There is 
reason to believe, however, that the second dose is too strong and may give a certain 
proportion of false positive reactions (Long and Seibert 1937, Furcolow et al. 1941). The 
two products generally give similar reactions in survey work (see Plunkett and Siegal 
1937, Doig et aL 1938) ; but sometimes there is a disagreement which, according to Seibert 
and Du Four (1940), may be due to the presence in O.T. of non-specific substances that 
augment the specific reaction (see also Vollmer and Eipps 1943). Though in this country'' 
it is usual to refer to the actual dilution injected, in the United States the dose is expressed 
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in milligrams of tuberculin ; by this notation 1 mgm. of tuberculin is supposed to be 
contained in 0*1 ml. of a 1/100 dilution. 

Some of the results obtained during recent years by the graded intradermal test 
are reproduced in graphical form in Fig. 276. 

It is apparent that in the large industrial cities of Europe and America most 
children are infected with tuberculosis by the time they reach 18 years of age, but 
in rural areas infection is much less frequent. Since only a comparatively small 
proportion of reacting children develop clinical tuberculosis or die of the disease, 
it is clear that in the majority of them the infection must remain latent. This 
deduction is of fundamental importance to a proper understanding of the mechanism 
of immunity in tuberculosis. 



Fig. 276. 

Percentage of children and adolescents reacting to the intradermal inoculation of old tuberculin. 

(1) Philadelphia school children reacting to 1/100 dilution (Hetherington et al. 1934). 

(2) London hospital children reacting to 1/100 dilution (Hart 1932). 

(3) School children in wealthy roraP community in Minnesota reacting to 1/1000 dilution 

or to von Pirquet test (Slater and Jordan 1932). 

It has been shown by a number of workers that children brought up in contact 
with open cases of tuberculosis react to tuberculin at a much earlier age than normal 
children. Fig. 277, taken from Dow and Lloyd (1931), shows that over 70 per cent, 
of children of such parents react positively by the age of 5 years. In children 
brought up in contact with tuberculous parents having a negative sputum the 
proportion of tuberculin-positives is little higher than in normal children. 

Further references to tuberculin surveys will be found in papers by Scheel 
(1929) Myers (1930), Myers et al. (1934), Brink et al. (1933), Cummins and Evans 
(1933), Drolet (1934), van den Berg (1936), and in numerous papers in the American 
Review of Tuberculosis, the American Journal of Public Health, and the Bulletin 
of Hygiene during the last few years. 
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Latent Tuberculosis as revealed by 

Post-mortem Statistics.-~-It is one of the 

commonest experiences of the post- oc . _ 

mortem room to find evidence of tuber- 
culosis in persons who presented no ,1 

clinical evidence of the disease during ^ 

life, and "who died from some other cause, / l 

The lungs and lymphatic glands are the |o>- — 

organs that are usually afiected. For ' I - 

purposes of classification we may divide J~ ; ' ” 

tuberculosis as found at autopsy into % ~ j i * 

three classes : (1) Fatal tuberculosis, in 

which the disease has been directly re- / _ . 

sponsible for death. (2) Latent actire - / ' 

tuberculosis, in which advancing, gener- ^ — 

ally caseous, lesions are found, but 1 //^ 

which do not appear to be the immediate ■ 

cause of death. (3) Latent inactive tuber- J/' i , 

culosis, in which the lesions are apparently ® ^ ^ 

healed and often calcified. 

In 1900 Naegeli published the results Percentage of contact and non-contact chil- 
of an investigation at Ziirich, made to reacting to the intradennal tuber- 

determine the frequency of tuberculous 
lesions in subjects coming to autopsy. A 

very careful examination was made of every cadaver, and all doubtful lesions 
were subjected to microscopic examination. Caseation and calcification were 
accepted as evidence of tuberculosis; the oblique, distorted iiiduratinns at the 
lung apex were considered tuberculous or not, according to histological examina- 
tion and the presence of other tuberculous lesions in the body. Table 97 and 
Fig. 278 show his general results. 

The surprising observation was made that, in adults, 93*11 per cent, showed 
evidence of tuberculosis. In his first series of 136 adults, only 113 or 83*1 per 



Fig. 278. 

Curve 1 = frequency of tuberculous lesions in every lOO autopsies of the same age group. 
Curve 2 ~ frequency of fatal tuberculosis in relation to all cases of tuberculosis. 

(After Naegeli.) 
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TABLE 97 

Modified from Naegeli (1900), showing the Ereqttbncy of Tuberculosis (Tb.) of all 
Eorms in Post-Mortem Subjects at Zurich. 



Autop- 

sies. 

Tb. not 
found. 

Tb. 

found. 

Per. 

centage 

Tb. 

Of Tb. Patients. 

Died of 
Tb. 

Per- 

centage. 

Non- 

lethal 

Tb. 

Per- 

centage. 

Children 0—18 years 
Adults 18 years and over 

88 

420 

73 

29 

15 

391 

17-04 

93-11 

11 

no 

73-3 

28-13 

4 

281 

26-7 

71-84 


cent, were found to be tuberculous ; but in his last series of 284 adults, probably 
owing to his greater experience, as many as 278 or 97*9 per cent, were found 
to be tuberculous. It will be observed that of the children who showed tuber- 
culosis, 73-3 per cent, had died of the disease (Table 97). In other words, latent 
or non-lethal tuberculosis is very much commoner in adults than in early life. 
Naegeli came to the following conclusions : (1) Tuberculosis is very infrequent 
in infancy, reaches 96 per cent, by the 18th year, and 100 per cent. ^ by the 
50th year. (2) In infancy 100 per cent, of cases of tuberculosis are fatal ; at 
18 years of age 29 per cent, are fatal ; 38 per cent, at 30 years ; 22 per cent, at 
40 years ; 10 per cent, at 65 years, and practically none at 70 years. (3) Latent 
active tuberculosis is uncommon in children ; reaches 33 per cent, at puberty ; 
40 per cent, at 30 years ; and falls to 25 per cent, in later years. (4) Latent 
inactive or healed tuberculosis is infrequent before 18 ; reaches 25 per cent, in 
the 3rd decennium ; 40 per cent, in the 4th decennium ; and 75 per cent, in the 
70th year. (5) The disposition towards fatal tuberculosis is therefore highest in 
infancy ; falls to puberty ; rises towards 30 years ; and later falls again. After 
18 years, immunity increases more or less proportionally to age. 

A similar, but more extensive series of autopsies, was reported on by Burk- 
hardt in 1906. The material examined came from the Dresden-Friedrichstadt 
Hospital, and to a less extent from the Kgl. Frauenklinik. It is important to 
notice that the autopsies were made on the working-class population. Since 
the mortality from tuberculosis amongst patients of this class was 35 per cent., 
while amongst the general population of Dresden it was only 13-14 per cent., 
it is clear that the results he obtained are not representative of the population 
as a whole. His figures are shown in Table 98. 

TABLE 98 

Modified from Burkhardt (1906), showing the Frequency of Tuberculosis (Tb.) of all 
Forms in Post-Mortem Subjects at Dresden in 1900-01. 


i 

1 

i 

Autop- 

sies. 

Tb. not 
found. 

Tb, 

found. 

Per- 

centage 

Tb. 

Of Tb. Patients. 

Died of 
Tb. 

Per- 

centage. 

Non- 

lethal 

Tb. 

Per- 

centage. 

i 

1 Children 0-18 years 

I Adults 18 years and over 

190 

1,262 

1 118 
113 

72 

1,149 

38 

91 

35 

466 

48-6 

40’6 

37 

683 

51-4 

59-4 
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These figures agree fairly well with Naegeli’s. The chif^f difrtTt-nee? are that 
the incidence of tuberculosis in children is higher, the mortality ir^cii tul ere uh/sis 
in children is less, and that in adults is higher than in figure's. Both 

agree in showing that in persons of IS and onwards the incidence of tulercaioHH 
exceeds 90 per cent. 

Bnrkhardt gives a very instructive table recording the hicidence ef iao-nf 
tuberculosis in the different age groups (Table 09). 

TABLE 09 

Showing the Frequency of Lvtent Ttbergitoms in Pepsu\< a<v )Tiiu\o 

TO Age. 

Percentages reckijiied on everj’ 100 pe^^^.o^ of the same CMihiiig to . 

^ Age Group. Latent Active Ih. LateiV Irx.'.'tiVt lb. 



Per <'ent. 

p^r 0*- 

1-5 

9 

4 

: 5-14 

25 

11 

14-18 

5 

24 

18-30 

12 

2G 

; 30-40 

14 

34 

1 40-50 

18 

3S 

50-60 

19 

! 

60-70 

21 

I JO 

1 70-80 

22 

57 

80-90 

22 

i 61 


From this table it is seen that, though the percentage of persons with latent 
active tuberculosis does not vary greatly in the different age groups, the percentage 
with latent inactive or healed tuberculosis increases progressively with age. 

The general inferences which appear to be justified by these results are as 
follows : 

(1) The great majority of persons living in civilized countries, and particularly 
in urban communities, have been infected with some form of tuberculosis by the 
time they attain adult life. 

(2) Between 10 and 20 per cent, of persons of all ages living in such com- 
munities are suffering from some focus of tuberculous infection which, though 
latent, is active. 

(3) A large proportion of these latent active lesions must heal spontaneously, 
since evidence of healed tuberculosis increases with age. In parenthesis, it may 
be pointed out that apparently healed, even calcified, tuberculous lesions may 
not infrequently contain living tubercle bacilli (Opie and Aronson 1927, Feldman 
and Baggenstoss 1938, 1939, Saenz and Canetti 1938). 

It must be understood that Naegeli’s and Burkhardt’s figures refer to ail forms 
of tuberculosis. For the frequency of pulmonary tuberculosis, see p. 1314 and 
Tables 102 and 103 (p. 1314). It would he wrong to assume that the figures 
of these two workers represent the frequency of tuberculous lesions at the present 
time. The forty or more years that have elapsed since their observations were 
made have witnessed a considerable reduction in both the morbidity and the 
mortality from tuberculosis, so that it is by no means justifiable to say now, as it 
was then, that practically every adult is infected with the tubercle bacillus. Lande 
and Wolff (1941), for example, working among a semi-rural population in Maryland, 
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found that only 48*4: per cent, out of 128 persons over 20 years of age coming to 
autopsy showed evidence of tuberculous infection. 

In Scotland, Blacklock (1932, 1935, 1936) has contributed valuable informa- 
tion on the frequency of tuberculous infection in children. He carried out post- 
mortem examinations at the Hoyal Hospital for Sick Children, Glasgow, on 1,800 
children under 13 years of age dying from various causes during the years 1924-34. 
He found (1) that practically all children under 2 years of age showing tuberculous 
lesions had actually died of tuberculosis, whereas in children 4-13 years of age only 
about 75 per cent, had died of this disease, and (2) that the percentage of positive 
tuberculin reactors in the first two years of life was nearly the same as the percentage 
incidence of tuberculous lesions found at autopsy, indicating again that at this age 
practically all children who became infected died of the disease. These figures refer 
to a low social class in Scotland in which tuberculosis is undoubtedly a very severe 
disease, and it would be unjustifiable to conclude that they are valid for all classes 
and for all countries. Indeed there is considerable evidence to the contrary 
(Rosenberg and Kereszturi 1937, Price 1938). With the progressive decline in 
tuberculosis mortality that is occurring in Europe and America, primary lesions 
are being increasingly observed in adults. Many of them appear to run a more 
benign course than those in infancy (Terplan 1934, Wallgren 1938). 

In considering the fatality of tuberculous infection in early life, it must be remem- 
bered that the type of case seen by Naegeli, by Burkhardt and by Blacklock, was 
not representative of the whole infantile population, but merely of that portion 
of the infantile population which showed symptoms of disease of sufficient severity 
to demand admission to hospital. If an equal number of apparently healthy infants 
could have been examined, it is quite conceivable that many would have shown 
latent tuberculous lesions. All our figures hitherto have been selective. The 
diagnosis of tuberculosis in infancy is extremely difficult, and only advanced and 
fatal cases are recorded. The result is that we have come to believe that infection 
in infancy is usually fatal. That this conclusion is wrong is shown very clearly by 
the observations made at Liibeck on the infants who were vaccinated by the mouth 
during the first few days of life with theB.C.G. strain (seep. 1337). The vaccine 
had by mischance become contaminated with virulent human tubercle bacilli and 
a large number of the infants became infected (Report 19355), Out of 251 vaccin- 
ated infants, 72 died of tuberculosis, 5 died of other causes, while 174 were alive 
two to three years later. It is probable that all the surviving children had been 
infected to a greater or less extent, and radiographical examination actually showed 
the presence of calcified mesenteric glands in 127 of them. It is interesting to note 
that practically all cases that developed a primary lung lesion died, while the 
majority, which had primary alimentary lesions, survived. 

We may conclude tentatively that tuberculous infection in infancy is often 
liable to cause death, particularly if it occurs by the respiratory tract. Infection is, 
however, by no means uniformly fatal. Provided the environmental conditions are 
good, and exposure to infection is not too severe or repeated, it seems probable that 
latent lesions may result of a type similar to those met with in later years. 

Latent Pulmonary Tuberculosis as revealed by X-ray Examination. 

In recent years X-ray examination of the chest has come to play an important 
part in the diagnosis of pulmonary tuberculosis, since it is possible by this means 
to detect lesions before clinical manifestations have developed. In several countries 
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surveys are now being made to determine the frequency of piiliiioiiary lesions in 
different classes of the population. Table 10(t taken from Ifetlierinsrton, i^fcPhe- 
draii, Landis and Opie (1929j, afiords an exaniple uf the tvpe of ofiTained. 

It refers to the roentgenological examination of rlrll'Iivm both and 


TABLE loo 

Showing Percextage of Poxmonaky Le^ioxs rx«*'ouNiZEn ey X>rjy EYAMm ixiuiv ix 

Children in Philadelphia, IT.S.A., op whmm r!:\cied tu 1 10/wOo Trj.LPj rL:\. 

(Hetherington et at. 1929, and Opie 1930.’'s 

ChiWL^ i Tni^‘ of A'iif.t - f 

' Tjj'er’‘u; T'lf •. 


Age Group. 

Xo. of 

Tb m 

and 
Lymphatic 

Latf-uit 

CLri ulh. 

IVa :it 


T. nd 
L- . ... 


Examined 

Glands — 
mai’-ily 
Caleihed. 

lurlitrdi.jii 

yhihSt.-t 

A p. wUl. 

Man. A ‘1, 


5-9 .. . 

124 

5-9 

1-2 

0-6 

0-0 

A A 

7’7 

10-14 . . . 

452 

13-9 

2-1 

0 5 

0*5 

0-i 

IT-i 

i 15-19 . . . 

1,060 

20-1 

1-9 

0-2 

i-0 

0*5 

23V 


coloured, in Philadelphia, Pa. The figures are selective, and refer almost exclusively 
to those children who reacted to an intradermal injection of 0*1 ml. of h IO^AHj 
tuberculin. It will be noted that in the older children over 20 per cent, showed 
pulmonary or associated glandular lesions. Of these, 0*7 per cent, actually had 
clinical symptoms of disease. The distinction between the childhood and the adult 
type of pulmonary tuberculosis may be neglected for the moment ; it will be 
referred to later (p. 1314). 

AVhat proportion of latent lesions progress to a stage at which they give rise to 
clinical tuberculosis is at present unknown. It is quite clear from the post-mortem 
evidence that has already been given that many of them must remain latent or 
gradually retrogress. Special ad hoc surveys to follow the history of children with 
such lesions are at present being made, and it is hoped that in a few years^ time 
we shall be in a better position to answer this question, 

Numerous other figures might be quoted to show the high frequency of latent 
active and overt tuberculosis in medical students and nurses, both of whom are often 
exposed to an unusually high risk of infection (see Heimbeck 1927, 1932, 1933, 
Koss 1930, Hetherington et ah 1931, 1935, Herman et aL 1932, Shipman and Davis 

1933, Geer 1934, Kramer 1934, Stiehm 1935, Jacobs 1938, Soper and Amberson 

1939, Hart, Hilton and Morland 1940, Hedvall 1940, Hetherington and Israel 

1940, Brahdy 1941, Israel, Hetherington and Ord 1941, Alt, Barth and Day 1941, 
Hastings and Behn 1941, Lyght 1942, Eidehalgh 1942, Daniels 1944). Reference 
may also be made to similar surveys conducted by X-ray examination, sometimes 
in association with the tuberculin test, in school children and other classes of the 
population (see Chadwick 1927, Opie et ah 1929, Hewitt and Cutts 1932, Martin et ah 

1934, Pellows 1934, Rouvillois 1934, Harrington ei al. 1935, Weber et al. 1935, 
Hetherington, Israel and Kreitz 1938, Pope, Sartweil and Zacks 1939, James 
1939, Douglas 1939, Hutchinson and Pope 1940, Galbraith 1941, Trail 1942, 
Banszky 1942, Olive 1943, Brooks 1944, Marshall 1945). 
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Fre<iuency of Tuberculosis in relation to Degree of Exposure to Infection. 

It lias already been pointed out that in children exposed to contact with patients 
suffering from open tuberculosis the proportion reacting to tuberculin reaches a high 
figure in the early years of life (see Fig. 277, p. 1303). Observations by numerous 
workers on families containing one or more members with a positive sputum have 
now shown that the children in these families have a much higher morbidity and 
mortality rate from tuberculosis than children in families with sputum-negative 
patients, and still more so than children in families completely free from tuberculosis. 
In this country Cox (1929) analysed the histories of 1,486 children under 5 years of 
age in Lancashire exposed to contact in the home with open tuberculosis. In these 
children the death rate from non-pulmonary tuberculosis was 9 times greater in the 
0-1 year age group, 14 times greater in the 1-2 age group, and 19 times greater 
in the 2-5 age group than that of a control child population in the County of Lan- 
caster. The excess deaths, it may be noted, were mainly due to tuberculous menin- 
gitis. In households containing one or more persons suffering from tuberculosis but 
having a negative sputum, the death rate of the exposed children was rather greater 
than that in control children, but the differences were not statistically significant. 
Cox’s figures have received general confirmation from the observations of Turner in 
Worcestershire (1931). 

In the United States even more convincing evidence is available from the extensive 
observations of Opie (1928-29, 1935) and his colleagues (see Opie and McPhedran 1935, 
McPhedran and Opie 1935), and of such workers as Evarts, Potter, and Dunn (1934) and 
Stewart, Gass, Puffer, and Williams (1943). The following figures furnished by Opie, 
McPhedran, and Putnam (1935), which refer to the development of pulmonary tuberculosis, 
are of interest in showing not only the much greater frequency of the disease in subjects 
exposed to open cases of tuberculosis, but also the proportion developing pulmonary 
tuberculosis in relation to the age of exposure. 

(1) Of persons first exposed between 0 and 9 years to contact with sputum-positive 
patients, 9*92 per cent, of those living 12-14 years after the beginning of exposure had 
acquired pulmonary tuberculosis, whereas among those exposed to contact with sputum- 
negative patients, only 1*97 per cent, subsequently developed the disease. 

(2) Of persons first exposed between 10 and 14 years to contact with sputum-positive 
patients, 20 per cent, of those living 10-14 years after the beginning of exposure had acquired 
pulmonary tuberculosis, whereas none of those exposed to contact with sputum-negative 
patients had acquired the disease. 

(3) Of persons first exposed after 15 years of age to contact with sputum-positive 
patients, 9-68 per cent, had acquired pulmonary tuberculosis, while the corresponding 
figure for persons exposed to sputum-negative patients was 6-86 per cent. 

On the basis of these observations we may conclude with Opie and his colleagues 
that the spread of tuberculosis in the co mm unity is, in great part,^the result of 
slowly progressive household epidemics, which often lead to the transmission of 
the disease by contagion from one generation to another, 

TUBERCULOSIS OF HUMAN ORIGIN, METHODS OF INFECTION 

Tubercle bacilli may gain entrance to the body by various routes. 

The possibility of congenital infection seems to be very small. Sitzenfrey (see 
Ghon et al, 1925) examined 26 placentas from tuberculous mothers, and found tuber- 
culous lesions in 7 of them ; on the basis of these results Moll (see Ghon et al 1925) 
argues that there are two types of- infantile tuberculosis : (1) an early form due 
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to hsematogenous infection of the fcetus from the placenta ; and |2j a later feriin 
of respiratory origin, occurring in extra-uterine life. The f(ir!iier type w^jiiul 
regard as definitely congenital But Ghon, Kuillicli andi Winternitz 
investigated this subject, found no evidence to suijport tise nr* of 

infection; in 87 infants investigated at autopsy they fouad a prlo^r} <4* 

disease indicative of post-natal infection ; in imiie ot tbein w^l^ a p:«'fure lomA 
corresponding to Moils early fornn 

Tubercle bacilli may gain access to the body by direct , as bv an 

infected needle or knife, or through an abraded pustule (vuii 14 ^ 7 ). 

Cases of direct inoculation of tuberculosis are imcommun, but are seen occa^^iunalLy 
in butchers, post-mortem attendants, and laundresses. 

Infection may occur by passage of toe bacilli through the various niiK'oos 
surfaces of the body, but except for that part of the mouth and pharyi^x -Aliieli i- 
more or less common to the respiratory and alimentary tracts, this route of infeetion 
is probably of minor importance. 

Pulmonary Tuberculosis. — \Ye now come to the iiiucli-discii>>ed qu^estion of the 
mode of infection in the most common of all tuberculous diseases —puliuunary 
tuberculosis. There are two main hypotheses : the first, advocated by von Behring 
and by Calmette and his colleagues, maintains that infection occun*^ primarily 
through the mucosa of the alimentary tract ; the second, advocated by CVjrnet, 
Bliigge, and in this country by A. S. Griffith and Cobbett purticuiarlvu inaintaius 
that infection occurs primarily by the respiratory tract. We must consider l^rietiy 
the evidence in favour of each of these opposing views. 

Yon Behring in 1904: advanced the hypothesis that the pulmonary tubereuluhis 
of adolescent and adult life is the end-result of an infant de infection contracted 
by the absorption through the mucosa of the alimentary tract of bacilli ingested 
with the food. In childhood the infection is manifested by caseous glands, par- 
ticularly cervical and mesenteric ; in adult Me by caseous apical tuberculosis of 
a chronic type. This hypothesis was supported to some extent by the work of 
Calmette and Guerin (1905). 

Pregnant goats were injected into each udder with 0-02 gm. of a fresh bovine culture. 
Severe lesions resulted, conJfined to the udder, and proving fatal in 40-60 days. From one 
such animal two kids were raised ; one of these was killed in a sickly condition on the 
45th day, and the other died on the 51st day after birth. This second animal, besides 
showing enlarged mesenteric glands at necropsy, also had miliary tubercles in the lungs ; 
the peribronchial glands were normal. In a second experiment, performed on two kids 
5 days old, they delivered 0-05 gm. of a fresh bovine culture directly into the stomach ; 
two or four doses were given. One of the animals died about 10 weeks later ; post 
mortem, the mesenteric glands were greatly enlarged ; the lungs were riddled with tubercles; 
and the peribronchial and posterior mediastinal glands were very large and were filled with 
caseous tubercles. In a third experiment, the same procedure was adopted on adult 
goats. When killed 7 to 9 weeks later, these animals showed little or no swelling of the 
mesenteric glands ; the peribronchial and posterior mediastinal glands were not affected ; 
but the lungs were tuberculous. On the basis of these results they conclude that, in the 
great majority of cases, pulmonary tuberculosis is contracted, not by inhalation, but 
by ingestion of dust or products containing tubercle bacilli ; the bacilli pass through the 
mucosa of the alimentary tract and are carried to the lung. They dissent, however, from 
von Behring’s suggestion that adult pulmonary tuberculosis is due to the slow evolution of 
an intestinal infection contracted in infancy : on the contrary, they think that adults 
develop pulmonary tuberculosis more easily than children after intestinal infection ; 
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cMldren are better protected by their lymph-glandular system. Dust, they consider, is 
infective, not because it is inhaled, but because it is swallowed. 

Further experiments by Calmette and Guerin {1906a, h) showed that the lungs might 
become diseased after intra-cesophageal infection of heifers and cows with bovine bacilli. 
Vallee (1905) found that the bronchial glands of young calves might be infected by feeding 
the animals on tuberculous milk, but he failed by this method to produce lesions in the 
lungs. One further piece of evidence adduced by Calmette in favour of the intestinal origin 
of infection in tuberculosis is the analogy presented by glanders. He states that it is 
impossible to produce the usual pulmonary type of glanders in horses by intratracheal 
injection of the bacilli ; but if the glanders bacilli are given to the horse in its drinking 
water, pulmonary glanders consistently results. He concludes ( 1920) that in all susceptible 
animals, including man, tuberculosis in its manifold varieties of localization — glandular, 
pulmonary, alimentary, etc. — results in the great majority of cases from an infection, 
primarily lymphatic, then haematogenous, having its origin in the absorption of tubercle 
bacilli by the digestive tract — principally by the buccal, pharyngeal, and intestinal 
mucosae. 

It will be realized that the evidence adduced by Calmette is derived entirely 
from experiments on animals. There is no doubt that pulmonary lesions may 
follow the alimentary infection of goats and heifers ; but the observations of 
White and Minett (194:1) in the calf suggest strongly that the bacilli reach the 
lungs not through the intestine but by aspiration down the trachea during the 
process of feeding or intra-oesophageal inoculation. When the bacilli were intro- 
duced directly into the duodenum, so as to exclude regurgitation and aspiration, 
the lungs never became infected. 

The evidence in favour of the respiratory hypothesis, on the other hand, is 
derived largely from observations made on human patients ; it depends partly 
on the anatomical distribution of the lesions, and partly on the types of infecting 
bacilli. 

The workers on the Royal Commission, and subsequently A. S. Griffith, Eastwood, 
and F. Griffith, examined in aU 260 children under 12 years of age who had died of tuber- 
culosis. From 32 of these children, bovine tubercle bacilli were isolated. In all the 
cases infected with bovine bacilli in which there were lesions, the anatomical evidence 
pointed definitely to the alimentary tract as the portal of entry of the baciUi (Griffith, A. S., 
1925&). In these cases the mesenteric glands were the most severely affected regional 
lymphatic glands ; the bronchial glands either were not macroscopically tuberculous, or 
showed disease of slighter degree and in an earlier stage. The anatomical picture of the 
disease in children from whom human tubercle bacilli were obtained was less uniform than 
in the bovine cases. They could be divided into three groups : (1) In the first group the 
respiratory tract was evidently the portal of entry ; the bronchial glands were the most 
severely affected regional lymphatic glands ; the mesenteric glands either not being affected, 
or showing more recent disease obviously secondary to the thoracic disease. (2) In the 
second group, both the bronchial and the mesenteric glands were severely affected, and there 
was nothing to indicate that one set of glands had been infected previously to the other. 
Probably infection had occurred simultaneously by both the respiratory and the alimentary 
tracts. (3) The third group was a small one, and contained those cases in which the 
alimentary tract was the sole portal of entry of the human bacillus ; the distribution of 
disease was the same as in the bovine cases. 

From these results the following conclusions were drawn : (1) The path of 
infection of the bovine tubercle bacillus is almost exclusively the alimentary tract. 

(2) The chief portal of entry of the human tubercle bacillus is the respiratory tract. 

(3) Primary abdominal tuberculosis due to the human tubercle bacillus is rare. 
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We know tkat pulmonary tubercuiosis is, witli few exceptions, due to the buman 
tubercle bacillus ; and we have evidence, founded on post-mortem results, to show 
tbat tile buman tubercle bacillus generally enters tbe body by the respiratorv tract. 
We may therefore conclude that in most cases of piilnioiiary tuberculosis infection 
has occurred by the respiratory and not by the alimentary tract. 

Further evidence of the inhalation hypothesis is obtained by considering the 
types of tubercle bacilli that are found in different situations of the body (fable 
101 ). 

It will be seen that 98 per cent, of infections of the lungs and 95 per cent, of inihctbji 2 S 
of the bronchial glands are due to the human type of bacillus. On the other Imrid, as 
many as 50 per cent, of abdominal and 46 per cent, of cervical gland liifectioiis are due to 
the bovine bacillus. If, as von Behring and Calmette suppose, pulmonary tuberculosis 
were due to bacilli that had gained access to the body through the alimentary tract, it 
would be reasonable to expect that about 50 per cent, of infections of the lungs and bronchial 
glands would be due to the bovine bacillus. This is clearly not the case. The tiirures in 
the table afford no evidence that the bacilli pass downwards from th»? cervical, or upwards 
from the mesenteric, glands to invade the bronchial glands and lungs ; on the contrary, 
the fact that bovine bacilli are uncommon in these organs suggests that infection must occur 
by some other route, namely the respiratory tract. 

TABLE 101 

Showing the Pboportion op Bovine and Human Infections in different Varieties or 
Tuberculosis. (Modified from Cobbett 1922.) 



Type of Tubercle Bacillus. 

Type of Tuberculosis. 

England. 

Ail Ages. 


Human. 1 

Bovine. 

Pulmonary 

Per cent. 

97-9 

Per cent. 

2*1 

Bronchial glands 

94-5 

5 5 

Abdominal 

50 

50 

Cervical glands 

54 

46 


If the lungs are infected by the respiratory tract it is not difficult to understand why 
bacilli of the human type should almost invariably be found in pulmonary tuberculosis. 
The most common source of infection with the bovine type is milk, and this is invariably 
ingested by the mouth ; human tubercle bacilli, on the other hand, are often present in the 
air in the form of cough-spray or in dust from dried sputum, and are in a suitable state 
to be inhaled. The almost invariable presence of human bacilli in tuberculous lungs 
strongly suggests that infection occurs by inhalation. 

Another argument in favour of the respiratory mode of infection in pulmonary tuber- 
culosis is based on a comparison of the frequency of mesenteric tubercuiosis in this country 
and America. Examining 67 young British adults, Opie (1925) found healed tuberculous 
lesions of the mesentery in 27 per cent. — a finding that he ascribes to the high incidence 
of bovine tuberculosis in this country. In America, where bovine tuberculosis is much 
less frequent, lesions of the mesentery are uncommon in human beings. Yet both in this 
country and in America, pulmonary tuberculosis is very frequent. If the lungs %Tere 
infected from the alimentary tract, pulmonary tuberculosis should be much commoner in 
this coxmtry than in America. But this is not so. 

Finally we may refer to the very careful studies of Ghon (1916) in Vienna, and of 
Opie (1917a, b, 1924a, 6, 1925) in America, on the anatomical distribution of the lesions 
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in the pulmonary tuberculosis of childhood. Dissection of the lungs after death, aided 
by preliminary examination with the X-rays, showed that the primary lesion occurred 
ill the substance of the lungs, and that the bronchial glands were infected only secondarily. 
This clearly points to the respiratory tract as the portal of infection. If the bacilli reached 
the lungs from the alimentary tract via the lymphatics, the bronchial glands should show 
the primary, and the lungs the secondary lesions. 

From these various sources of evidence we conclude that, with the exception 
of those cases of miliary tuberculosis in which the lungs have been infected from 
the blood stream, the vast majority of cases of pulmonary tuberculosis are due to 
infection by the respiratory tract. In the light of recent work a further exception 
should perhaps be made for those cases of tuberculosis of bovine origin in which the 
pulmonary disease is apparently secondary to lesions in the glands. Further work 
is required on the exact mechanism of infection in these cases, but there is no reason 
to modify substantially the general conclusions that have just been reached. 

Dust and Droplet Infection. 

Accepting the inhalation hypothesis, we are faced with the problem of how 
the bacilli gain entrance to the respiratory tract. The evidence brought to bear 
on this problem is so extensive that we can give nothing more than a brief outline 
of the conclusions drawn from it. According to Cornet (1889), the chief source 
of infection is the dust arising from dried sputum. Examining 140 specimens of 
dust taken from various situations — chiefly hospitals, public buildings, and the 
private rooms of tuberculous patients — ^he found tubercle bacilli in 40 of them. 
He believed that tubercle bacilli may remain alive and virulent in dust for 3 or 4 
months. He maintained that, apart from his sputum, a patient sufl^ering from 
pulmonary tuberculosis is harmless. The main objections to this view are : (1) 
For the tubercle bacilli to be sot free by the desiccation of sputum the air must be 
absolutely dry ; if it is at all moist, complete desiccation does not occur. In 
Europe, at any rate, the atmospheric conditions dming most of the year are 
unfavourable for complete desiccation. (2) During the process of drying there is 
evidence that the tubercle baciUi, especially if exposed to sunlight, are liable to 
die (Heymann 1901, Mayer, E., 1921, Caldwell 1925, Eidinow 1927). 

According to Fliigge (1899) and members of his school (Moeller 1899, Heymann 
1901, Findel 1907, Ziesche 1907, Hollmann 1924), the tubercle bacilli gain entrance 
to the respiratory tract in the form of minute droplets expelled from the mouth 
and nose of patients suflering from open pulmonary tuberculosis. Buchner showed 
that bacteria suspended in a very fine spray could be conveyed through several 
metres of rubber tubing, even when only a light current of air was used. Lasch- 
tschenko fqund that sprayed tuberculous sputum carried tubercle bacilli in suspen- 
sion over a considerable distance when propelled by an air-current of only 3 mm. per 
second. By taking suspensions of Chr. prodigiosum into his mouth, he showed that 
organisms were expelled to a slight extent during speaking, to a greater extent 
in coughing, and to a still greater extent in sneezing. Numerous workers have 
found that tuberculous patients when coughing expel droplets containing tubercle 
bacilli ; these droplets are projected for varying distances, but not further as a 
rule than i| metres. Guinea-pigs placed about half a metre from the mouth of 
tubetculous patients, and exposed freely to their cough-spray, not uncommonly 
contract tuberculosis. 

To this Tiew Lange and Keschischian (1925) raise objections on the ground that the 
droplets expelled during the act of coughing are so large that they rapidly fall to the ground. 
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Using a Buelmer spray tliey toiind that droplets of an aquf 3 on.s sokitiun of ( < >sin of 20f» it or 
over in diameter remained in suspension for a few seconds; dnq4ots of 20 /i .uid under 
for a few minutes, and droplets of only a few u for 1 to 3 hour-.. Bur mic-c the droplets 
expelled in coughing are said to be fairly large, they <'onclude that faimiry lung mfocticm 
by droplets must be uncommon. Their lueasurements of the size of the dropl*^ts were 
made on glass slides ; but as Strauss (1926) points out, the diameter of a droplfd that iias 
settled on a slide is not the same as its diameter when suspended in the air : in fact it is 
about three times as great. He concludes, from a serie^s of measurements he made, that 
the diameter of droplets of sputum suspended in the air is about od-25«» ,n, the majority 
being 70-85 /x. Droplets of this size can probably remain in .-Ufepeiisirai fur a minute or 
two, and are consequently liable to be inhaled. 

W. E. Wells ( 1934) notes that the falling velocity of a small droplet is proportional to the 
square of its diameter. He calculates that the time taken for droplets of various sizes to 
fall 2 metres — rather over the height of a tall man — is as follows : dropjiets with a diameter 
of 0-1 mm. 6 seconds, of 0*01 mm. 10 minutes, of O-OUl mm. 16-6 hours. But as these drop- 
lets fall they evaporate, and the rate of evaporation is inversely proportional to the square of 
the diameter. Water droplets With a diameter of 1 mm., falling m iinsaturated air at a 
temperature of 18° C., will evaporate in 165 secs., those with a diameter of 0*1 mm. in 1*7 
secs., those wdth a diameter of 0-05 mm. in 04 secs. Droplets expelled from the human 
mouth in coughing, sneezing or loud talking will clearly not evaporate so rapidly as droj)Iets 
of water, since they contain in solution substances that tend to retain water ; but the same 
general relations will hold. The larger droplets, those of 0*1 mm. or over in diameter, 
will tend to behave as above. They will settle rapidly, and while settling, and fr>r some 
little time after, they will retain their droplet form. Smaller droplets will behave quite 
differently. They will remain suspended in the air for much longer periods ; but, since they 
soon lose their water by evaporation, they will quickly cease to be droplets and will become 
what the author refers to as “ droplet nuclei,’’ z.e. the bacteria or other particles contained 
in the droplet together with any substances in solution, the w'hole in a desiccated or semi- 
desiccated state. The physical properties of these “ droplet nuclei ” are not precisely 
calculable, but all analogies suggest that they might remain suspended in air for a very 
considerable time. They would, moreover, be carried long distances by air currents. 

This wide difference in behaviour between large and small droplets is, as the 
author emphasizes, of obvious significance in relation to the spread of infection. 
The term “ droplet infection,'"’ as commonly employed in medical literature, should 
be regarded as applying to the spread of infection by droplets larger than 0-1 mm. in 
diameter. It is spread of this sort that will usually be measured in experiments 
where Petri dishes are exposed at various distances from a coughing or speaking 
person. Spread by droplets smaller than 0*1 mm. in diameter and by their nuclei 
is best described as air-borne ” infection. It will obey quite different laws and 
may, under certain conditions, be of great epidemiological importance. (See also 
Wells and Stone 1934, Wells and Wells 1936, and Chapter 91.) 

Prom animal experiments there is no doubt that tubercle bacilli, whether in the 
form of dry dust, of moist droplets, or of droplet nuclei, can penetrate the respiratory 
passages and reach the lung (Lange and Nowoselsky 1925, Wells and Lurie 1941, 
Glover 1944). It is probable therefore that Cornet and Pliigge are both right* 
The only question is which mode of infection is the more common — dust or droplet 
infection. Considering that in this country the atmospheric conditions are seldom 
suitable for the formation of absolutely dry sputum, whereas the opportunities for 
droplet infection must be extremely common in such situations as trains, ’buses, 
trams, theatres, meeting-places, and crowded rooms of all sorts, droplet infection, 
' including air-borne infection by droplet nuclei, is probably of far greater importance 
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tlian infection by sputum. The discussion may seem to be of purely academic 
interest ; but from the standpoint of preventive medicine it is of considerable 
importance. Injunctions against spitting are numerous ; but if Fliigge’s view is 
correct, it is clearly of far greater value to educate the public never to cough or 
sneeze without putting a handkerchief in front of the mouth. In this country a 
start has been made along these lines. It is to be hoped that the result will lead to 
a diminution in the risk of contracting not only pulmonary tuberculosis but all 
diseases that are spread by the respiratory tract. Some idea of the degree of 
infection of the air may be gathered from the observations of Pressman (1937) in the 
United States who, by the simple expedient of exposing four dishes containing 
saline in the corners of a room for one week, was able to demonstrate the presence 
of tubercle bacilli in 87 per cent, of 55 samples taken from four tuberculosis hospitals 
and sanatoria. 

Pathogenesis of Pulmonary Tuberculosis. Childhood and Adult Types. 

Evidence has already been brought to show that pulmonary tuberculosis of adults 
is usually due to respiratory infection. We must now consider the different types of 
pulmonary disease that occur in childhood and adult life, and decide whether adult 
pulmonary tuberculosis is a continuation or recrudescence of the childhood form, or 
is due to a re-infection in later years. 

As previously stated, Ghon (1916) came to the conclusion that the primary lesion 
in tuberculosis of infants and children occurs in the substance of the lungs, and that 
secondary to this infection the adjacent lymphatic glands become involved. Opie 
(1917a, h, 1924a, h, 1925), besides confirming this conclusion, carried out a large 
series of examinations on the lungs of persons of all ages who had died of non- 
tuberculous diseases. The pulmonary tuberculosis of children up to 10 years of age 
was, he found, essentially of a focal type ; the lesions were situated in any part 
of the lungs, and were accompanied by caseation or calcification of the regional 
lymphatic glands. In older children, and in adults, two types of tuberculous 
lesions were found : focal lesions, similar to those in infants and young children ; 
and apical lesions, situated at the apex of the lungs, and not accompanied by 
caseation of the regional glands. Focal lesions developed in early childhood, 
and increased in frequency throughout life, as can be seen by reference to 
Table 102. 


TABLE 102 

Frequency of Healed Tuberculous Lesions (Focal or Apical) in the Lungs of Persons 
IN St. Louis, dying of Diseases other than Tuberculosis. 


Age. 

Frequency. 

2-5 years 

42*8 per cent. 

6-iO 

46*5 „ 

10-18 

66-6 „ 

18-30 „ 

83-3 „ 

30-60 

91‘3 „ 

50-70 

93-3 „ 


Apical tuberculous lesions were not encountered in young children, but 
increased with advancing age (Table 103). 
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TABLE im 

Frequency of Latent Apical Tuberculosis in 50 Autopsies on iv St. Loci>, 

DYING OF Diseases other th\n Tuberculosis. 


I Frequency. 

1 18~30 years 
i 30-50 „ 

I 50-70 „ 

I 70 and over 

i 

i 

The question naturally arises : Have the apical lesions of adult life deveioped 
from the focal lesions of childhood ? Opie brinj^^s evidence to disprove this : 
(I) apical tuberculosis is more common in later life when the focal lesions of 
childhood have in most instances completely healed ; (2) in adults the focal lesions 
of childhood are almost invariably calcified and healed, and no longer contain living 
tubercle bacilli (Opie and Aronson 1927), whereas the apical lesion is relatively 
fresh and caseous ; (3) in at least half of the cases examined, the focal lesion was 
in one lung and the apical lesion in the opposite lung. Moreover, the (diaracders 
of active pulmonary tuberculosis in childhood and in adult life are diiTerent. 

Characters of Active Pubnonary Tuberculosis j Characters of Active Fnliiwhary Tnhercuhms 
of Childhood. 1 of Ad nits. 

1. ,JN'o particular localization. : 1. Apical localization. 

2. Hilum glands involved. ; 2. Hilum glands nut involved. 

3. Little or no tendency to cavity formation j 3. Tendency to cavity formation and dep»(si- 

or deposition of fibrous tissue. i tion of fibrous tissue vithin the lung 

I substance. 

4. Rapid course. | 4. Chronic course. 

5. Similar to infection of normal guinea-pig. | 5. Similar to infection of tuberculous guinea- 

! pig. 

We may conclude therefore that, though in most cases of apical tuberculosis 
a focal lesion is present, the apical lesion is not an extension of the focal disease. 
In other words, the phthisis of adults is not the result of tuberculosis acquired 
in childhood. 

Additional evidence in support of this view' has been advanced by Opie (1928-29, 
1935) and by Opie, MePhedran, and Putnam (1935). Follow'ing up children exposed to 
contact wdth open tuberculosis at some time between birth and 9 years of age, these 
workers found that the maximum proportion of infiltrating lesions of the childhood type 
detectable by X-ray examination was reached at about 3 years of age, after winch it 
fell gradually to zero by 11 years of age. On the other hand, latent apical lesions of the 
adult type were not seen before 4 or 5 years of age, but after this they rose progressively 
as the age of the child increased. In other words, the two types of lesions behaved as if 
they were entirely unrelated. Further observations showed that children first exposed 
to infection after 15 years of age usually developed the typical adult apical type of pul- 
monary disease. 

All these findings suggest that the pulmonary tuberculosis of adults is not 
usually a continuation of childhood disease, but is due to a re-infection some time 
during late ‘childhood or early adolescent life. It must be pointed out, how^ever, 
that the lesions so produced often remain latent, and clinically manifest tuberculosis 
may not develop for months or years after re-iofection. 
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Endogenous and Exogenous Infection. 

Tlie long period during whicli it was tauglit that practically everyone reaching 
adult life had alread}^ been infected with the tubercle bacillus was characterized 
also by the belief that pulmonary tuberculosis of the adult type was the result 
either of activation of an old pulmonary lesion or of endogenous superinfection. 
It is now realized that, except in crowded urban communities, a proportion of 
persons may reach adult life without becoming infected, and more attention is 
therefore being devoted to the part played by exogenous infection in the patho- 
genesis of pulmonary tuberculosis. It is known that adults who become infected 
for the first time may develop a form of pulmonary tuberculosis indistinguishable 
from that occurring in those with a recognizable healed primary lesion, suggesting 
that, though the peculiar nature and course of adult pulmonary tuberculosis may 
be determined to some extent by experience of a previous infection, the natural 
resistance of the primarily infected healthy adult may alone suffice to bring about 
the same result. 

The main problem concerns the genesis of pulmonary tuberculosis in those 
who have already been infected during childhood. Is the disease due to endo- 
genous or exogenous superinfection ? As invariably happens when the data are 
insufficient, there is a sharp cleavage of opinion on this point. Since Opie’s work, 
however, the protagonists of the exogenous view have been gaining ground. We 
have no space here to discuss the evidence in detail ; reference to one or two repre- 
sentative papers must suffice. 

There is a wealth of evidence to show that puhnonary tuberculosis is much commoner 
among family contacts than among non-contacts (see p. 1302). Moreover Lloyd and 
Macpiierson (1936) found that about 4 out of every 5 young adults suffering from pul- 
monary tuberculosis who had been in contact with a known case of infection developed 
the disease within five years of the last known exposure — a time relationship that is difficult 
to understand if the disease was of endogenous origin. Observations by Plunkett, Weber, 
Siegal and Lonk (1940) in the Newark State School for Mental Defectives showed that 
during a period of three years 13 new cases of pulmonary tuberculosis developed among 
tuberculin-positive patients. Every one of these had been in close contact with an 
infectious case. Among those who had not been exposed to known infection, not a single 
case was reported. Israel and DeLien (1942), who studied the fate of 932 persons of 
14 years or over who had had a positive tuberculin reaction during cjfildhood, found that 
in white persons the mean annual morbidity rate among those exposed to household 
mfection after 14 years of age was 2 per cent., as against only 0*1 per cent, in those with 
no household exposure. The morbidity rate, how^ever, in those with radiographical evi- 
dence of a primary tuberculous lesion was, in the absence of household exposure, not 
significantly higher than in those without such a lesion. The authors conclude therefore 
that pulmonary tuberculosis in adolescence and early adult life is more often the result 
of household exposure after childhood than before, indicating that in early adult life 
exogenous infection is more important than the endogenous reactivation of lesions acquired 
in early childhood. 

Whether exogenous supeiinfection gives rise to pulmonary disease directly, 
or whether, as Wingfield (1942) suggests, it brings about an endogenous exacerba- 
tion by causing a focal tuberculin reaction, will be impossible to decide till we 
know a great deal more about the part played by allergy in hhe mechanism of 
immunity to tuberculosis (see pp. 1330-1336). 

If it is true that exogenous infection in adult life may result in pulmonary 
tuberculosis, then far more care should be exercised than has hitherto been general 
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in protecting not only cMldren but adults, even tuberculous, adults, tLe 

risk of exposure to infection. There is still a widespread tendfuicv to 
or minimize the risk of adult infection. In the absence of ^tronu evidltuiee to the 
contrary, we consider this attitude to be dangerous and reprelie!!"!! Je. ExiJerienee 
of the control of infectious disease, whether of bacterial or virus oriidn, has 
lished the principle that avoidance of infection constitute^ the first hne of 
Vaccination by natural or artificial means plays, as a rule, a imudj imjHjrraLt 
role. We see no reason why tuberculosis should be regarded a.- diliVr^-m i!, rtp 
respect from other diseases. 

TUBERCULOSIS OF BOVIXE OFJGIX. FMQflLXfJY JXIj JIo/jE 

OF IXFECTIOX 

FreOLuency. — The frequency of this type of rii!)erculo‘^is varie-. greatly m 
countries and in different parts of the same country, depending iu u-merai on tlie 
incidence of tuberculosis in cattle and the quantity of raw iniik coiisiimed. Jn 
Scotland the percentage of bovine infection in all forms of tuberciilu'is is higher 
than in England. Taking Great Britain as a whole, there were in i‘j3l about 
deaths and 6,250 notifications (Report 1934). Of the deaths, about three-quarters 
occurred in children under 15 years of age. These tigures are calculated on the 
proportion of bovine infections in different forms of tuberculoid, and are sulfjeet 
to the error of random sampling. Making allowance, however, for such an error, 
and for the fact that the notifications probably underestimate the true number of 
cases, it is clear that the bovine tubercle bacillus is responsible in Great Britain for 
a large number of deaths and for an immense amount of suffering, invalidity, and 
often permanent deformity. 

In England and Wales about 6-0 per cent, of all deaths from tuberculosis are 
due to infection of bovine origin. The frequency in other countries is less certain. 
In the United States, Park and Krumwiede (1910), who examined 436 strains of 
tubercle bacilli, of which 291 were derived from patients with pulmonary tuber- 
culosis, found that 7 -57 per cent, were of the bovine type. This percentage, however, 
is not applicable to the present frequency of tuberculosis of bovine origin. Since 
1917 an intensive campaign has been carried out under the Federal Government to 
eradicate tuberculosis in cattle, and the extent to which these animals are infected 
is now on an average probably only about one per cent, of that in Great Britain. 
Clinical observers are unanimous in agreeing on the comparative infrequency in the 
United States of cervical and mesenteric glandular tuberculosis in young children, 
both of which manifestations in this comitry are generally due to the bovine bacillus 
(see Reichle 1936). In Germany, Austria, Denmark, Sweden, Poland, and the 
Netherlands the disease appears to be fairly frequent, though perhaps less so than 
in Great Britain (see Klininier 1931, Lange 1932, 1937, Blackiock 1932, Tobiesen 
et al 1935a, 5, de Lange and de Bruin 1935, Piasecka-Zeyland 1937, Ruys 1937, 
van der Hoeden 1937, van der Hoeden and Pannevis 1937, Hedvall 1942.) 

Source of Infection. — Cattle form the great reser^^oir of infection with the bovine 
bacillus. In this country about 40 per cent, of all milch cows react to the tuberculin 
test ; about 40 per cent, slaughtered in public abattoirs shovr naked-eye lesions of 
tuberculosis ; and about 0*5 per cent, are actually excreting tubercle bacilli in their 
milk (Report 1932a, 1934, Savage 1933). The proportion of milk samples coiitainiug 
virulent tubercle bacilli varies with the nature of the sampjle and the part of the 
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country from wMch it is derived. On an average about 7 per cent, of samples of 
mixed milk from individual farms contain tubercle bacilli, tbe proportion varying 
from about 2 per cent, in Somerset to about 21 per cent, in Cbesbire (Report 1932a, 
Gloyne 1932, Pullinger 1934, 1935, Parry and Hall 1935). In Scotland tbe propor- 
tion seems to be even bigber (Report 1933a). 

We bave no space to furnisb tbe complete evidence incriminating milk as tbe 
main cause in man of tuberculosis of bovine origin. Tbe general nature of tbe 
evidence rests on (1) tbe parallelism in different countries between tbe frequency 
of tuberculosis in cattle and of tuberculosis of bovine origin in man ; (2) tbe bigb 
proportion of alimentary infections in man due to tbe bovine type ; (3) tbe frequency 
of non-pulmonary tuberculosis of bovine origin in infancy and cbildbood ; (4) tbe 
comparative infrequency of tuberculosis of bovine origin in areas in wbicb tbe 
majority of tbe milk, even tbougb heavily infected, is pasteurized or boiled before 
use ; (5) tbe production of tuberculosis in animals fed on infected milk (Griffith 
1907, Wilkie et al. 1937). Tbe most convincing evidence is afforded by tbe observa- 
tions of Price (1932, 1934) in Toronto on tbe frequency of tbe bovine type of bacillus 
in non-pulmonary tuberculosis of cbildbood. Of 300 tuberculous children examined 
under 14 years of age, 15 per cent, were found to be infected with tbe bovine type. 
Without exception, these children came from parts of Ontario outside Toronto 
where pasteurization of milk was not carried out, and all bad a history of being 
fed for some time on raw milk. In Toronto, where pasteurization has been com- 
pulsory since 1915, not a single case of tuberculosis of bovine origin was found, 
in spite of tbe fact that 26 per cent, of pooled samples of raw milk coming into 
tbe town contained tubercle bacilb. 

Tbe bacilb in tbe milk may pass through tbe lymphoid tissue of tbe mouth and 
nasopharynx, and reach tbe cervical glands, where they give rise' to disease. Tbe 
tonsil seems to be not uncommonly infected (Saenz et al. 1933). Alternatively 
they may pass through tbe intestinal mucosa and invade tbe mesenteric group 
of glands. There seems to be little doubt that tbe organisms may traverse tbe 
mucous membrane without giving rise to any lesions in tbe mucosa itself. Once 
they bave gained access to tbe lymphatic system, they may be distributed in tbe 
body either by direct spread, by tbe lymph stream, or by tbe blood stream. 
Blood-borne infection appears to be mainly responsible for miliary tuberculosis, 
meningitis, bone and joint disease, and genito-urinary tuberculosis. 

Pulmonary tuberculosis of bovine origin is mainly a rural disease. On this 
point both British and continental workers are in agreement (Lange 1937, Griffith 
1937a, 1938, 1941, Ruys 1937, van der Hoeden 1937, Griffith and Smith 1940, 
Hedvall 1942, CutbiU and Lynn 1944). The mode of infection, however, is still 
open to dispute. Most of the work in this country suggests that the disease follows 
most commonly on glandular tuberculosis acquired through alimentary infection, 
but in Germany Lange (1931, 1932) has brought evidence to show that in farm 
workers infection may result from tbe inhalation of tubercle baoiUi expectorated 
by tuberculous cattle (see also Hedvall 1942). In cases following on primary glan- 
dular infection tbe incubation period ranges from less than a year to 26 years or 
more (Griffith 1938), Griffith (1937a) regarded the disease as the final phase of 
an infection acquired in childhood, adolescence, or even adult life through tbe 
consumption of tuberculous milk. Occasionally infection is transmitted from one 
person to another by contact (Griffith 1938). The clinical course of tbe disease 
is often rapid and a considerable proportion of cases prove fatal. 
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SuTYi'iiyidTizifig ^ W6 may say tnat practically all non-piiliiioii^irY, arid a variable 
proportion of pulmonary, cases of bovine origin are contracted tkroiigii tbe asrenev 
of raw milk or cream. Cheese and butter, it may be noted, probably pUy ar 
insignificant part in tbe transmission of infection in Great Britain. Orer '^0 per 
cent, of butter is imported and practically ail imported butter is mad^“ from nastenr- 
ized cream. In cbeese tbe tubercle bacillus dies out fairly quickly, and 
dead before tbe ripening process is complete. Only in farm butfr^ and in rob. 
cbeese, i.e., unripened cbeese eaten within a few days of its preparation, are tii'n^rcle 
bacilli likely to be found alive. 

It is of interest to recall tbe changes that our views on this tvpe of tiibprnilo'is 
have undergone in tbe present century. At tbe London CVj!i 2 res< on Tibncp 
in 1901, Koch asserted, on tbe basis of quite inadequate experiineiitation, tint 
bovine bacilli were virtually non-patbogenic to human beings. His vifw^s were 
attacked by McFadyean (1901) and by Eavenel (1901) on tbe basis of -tiung, 
though circumstantial, evidence. As tbe result of considerable opposition. Kocii 
modifiled bis views at tbe Washington Congress in 1908, to the extent of admit- 
ting that human beings might be infected with bovine tubercle bacilli, thougli 
be maintained that serious disease due to these organisms was very rare, and that 
preventive measures to protect tbe human population against tuberculosis of 
bovine origin were quite unnecessary. Tbe extensive labours of tbe Royal Com- 
mission on Tuberculosis in this country, and of continental and American workers, 
revealed tbe fallacy of Koch’s teaching, and showed that non-pulinonary tuber- 
culosis in childhood was frequently caused by tbe bovine bacillus. Tbe more 
recent work of Griffith, Munro, Lange, and others has now drawn attention 
to tbe occurrence of bovine bacilli in pulmonary tuberculosis ; and infections of 
bovine origin as a whole must be regarded as a serious menace to tbe liuiiniii 
population in those countries where tuberculosis of cattle is eomiiioii. Tbe evidenee 
suggests that tbe bovine bacillus is quite as virulent for man as tbe biimaii bacillus, 
and possibly even more so (see Griffith 1925&). Tbe result of Koch's teaching was 
of more than academic importance. By exonerating cows from all blame in tbe 
causation of tuberculosis in man, it put back tbe clock of veterinary preventive 
medicine to a degree far greater than is generally appreciated. It further removed 
tbe rationale for boiling milk, which bad hitherto been accepted on empirical 
grounds, and delayed for a long time tbe adoption of pasteurization. Even now 
we are not free from its trammels, and tbe public health expert has to fight a 
continuous battle against the ignorance and prejudice resulting from an authori- 
tative statement made on inadequate evidence 45 years ago. (For general review 
of tuberculosis of bovine origin, besides those already quoted, see Griffith 1927, 
1932c, 1937a, 1938, 1941, Report 19316, Gervois 1937, Myers 1940, Wilson 1942.) 


DIAGNOSIS 

Microscopical Examination in Diagnosis.— Tuberculosis is one of tbe few diseases 

in which a diagnosis can often be made by microscopical examination alone. The 
simplest method is to stain a film of sputum, pus, or other pathological product 
with Ziebl-Neelsen’s stain, using 25 per cent, sulphuric acid for decolorization, and 
1 per cent, aqueous methylene blue for counterstaining. Numerous other methods 
of staining, however, have been recommended from time to time, such as Spengler’s 
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(1907), Hermann's (1908), Mori’s (1911), Bozzelli’s (1914), ScMte-Tigges’ ( 1920 ), 
and Pottenger’s (1942). When very few organisms are present, attempts to 
increase their numbers or to render their distribution in the film more uniform 
may be made by (a) chemical concentration methods, such as the antiformin 
method or the methods described by Faisca (1921), Grysez and Bernard (1920), 
G. Mayer (1926), and S. K. Douglas and Meanwell (1925) ; (b) chemical flocculation 
methods, such as that of Hanks, Clark and Feldman (1938) ; (c) flotation methods, 
such as those described by Andrus and MacMahon (1924), Pottenger (1931), 

Edwards, Lynn and Cutbill (1936), 
C. R. Smith (1938), and Hanks and 
Feldman (1940). 






Fig. 279. — Mycobacterium tuberculosis^ 

in urine, showing the characteristic clumps 
(X 1000). 


Urine should be centrifuged, and 
films made from the deposit (Fig. 279). 
When examining the cerebrospinal 
fluid, it is best to allow the fluid to 
stand till a fibrinous clot forms ; this 
should be removed with a platinum 
loop, spread on a slide, and stamed in 
the usual manner for acid-fast bacilli. 
Otherwise it should be centrifuged 
and treated like urine. 

In both pulmonary and non-pul- 
monary tuberculosis the bacilli may 
often be found in the faeces (Alexander 
1910, Costa 1926, Sergent 1926, Sykes 
1926, Verdina 1926) ; for their detec- 
tion some concentration method, such 
as the ligroin method, should be 
employed. Examination of the faeces 
is chiefly of use in children, who 


generally swallow their sputum, and in cases of closed pulmonary tuberculosis in which 


there is no sputum. It has been suggested that the bacilli may be excreted from the 
blood into the bile, and thus reach the faeces (Alexander 1910, Calmette 1920, Pemlinger 
1923, Koizumi 1924, Verdina 1926). 


Examination of the fasting stomach contents obtained by gastric lavage is used exten- 
sively in the diagnosis of pulmonary disease in children, and in adults with little or no 


sputum (Kereszturi et al 1932, 1933, Collis and Brockington 1933, Poulsen and Andersen 
1934, Gourley 1934, Kalbant 1934, Stadnichenko, Cohen and Sweany 1940, Webster 
1941, 1943, Davies and Doherty 1942, Robinson and Dunn 1943). The method was 
described originally by Meunier in 1898, but was not adopted as a routine till it was 
rediscovered by Armand-Delille (1927) nearly 30 years later. To avoid the mild unpleasant- 
ness of the passage of a stomach, or preferably nasal, tube, simpler methods of obtaining 
sputum have been described by Behmann (1930) and Wood (1936), in which the patient 
is made to cough by the insertion of a swab or laryngeal mirror into the throat. The 
material so obtained can be swabbed over a slide and stained in the usual way, or better 
inoculated on to suitable culture media. It is doubtful, however, whether this method 
is as satisfactory as that of examining the stomach contents. According to Mishulow and 
her colleagues (1934), repeated examination of fseces is probably as satisfactory as that 
of gastric lavage specimens. 


In pus the bacilli are often very difficult to demonstrate ; Gardner (1926), following 
Spengler (1907), recommends the use of half-saturated aqueous picric acid as a counter- 
stain. 



CULTURAL SUET Finns IX IjIAGXOSIS itm 

The microscopical method of examioation, tlioiigh very mu-t iimI ise 

undertaken without due regard to the error- of the tech 11^4110 euiplMced. MifTu- 
scopical examination alone cannot distinguish between tubenh* lev lili aiiri e>rli**r 
types of acid-fast bacilli. Besides saprophytic as-id-f;i<t bacilli of tf:e rUf/r, 

group, which are widespread in hay, straw, dust, animal litter, aicl \T;irer, them 
are a number of other organisms, such as the leprosy baidliiis. Johiiob iewilius, 
and some species of Actinomyces, which are acid-fast and which may oc,a-:ona!iv 
give rise to confusion. 

In order to avoid contamination of the material \uth these oriaiii^iUN strict attention 
must be paid to the preparation of the actual films. In particular, all stains and rrn 
should be made up with fresh glass-distilled water; and all dass-ware .diould soik-'I 

in 50 per cent, nitric acid for at least 15 minutes. Only new slid«cs dioiild y*-!, 

since there is no simple method of removing acid-fa.st bacilli from slides un to wfjch 
have been fixed and stained, and every slide should be thorouirhly fiamed in a B'iii>en 
burner immediately before use. If the material has to be rubbed up in a drop of water 
on the slide fresh glass-distilled water or water from a hot tap in constant list* should 
be used, since acid-fast bacilli are usually abundant in cold-water taps (s<*e Chapter hhi. 
Care must be taken to avoid contamination of the cedar- wood oil rt^-ervoir fr«»in tlie 
surface of a previous film, and the oil-immersion objective should always l>e ehnnoal after 
examining a positive film. All apparatus, particularly if made of metal or robber, iis<*d 
in the collection of catheter and other specimens, should be kept under eondttlons that 
will prevent the growth of saprophytic acid-fast bacilli on their surface f'see A. H. Whdls 
1936). 

When all these precautions have been taken, the impjortaiice to be attuebed to 
the finding of acid-fast bacilli will vary with the nature of the material examiuecL 
While acid-fast bacilli in sputum or cerebrospinal fluid may be regarded as alinost 
certainly diagnostic of tuberculosis, their presence in faeces or urine must he 
preted with far greater caution, since the presence of saprophytic acid-fast, incliidiiig 
smegma, bacilli cannot with certainty he excluded. In blood so many artetacts 
axe liable to be present that it is extremely doubtful whether the search for acid-fast 
bacilli is justified at all. 

Of recent years fluorescence microscopy has been used for the examination of tubercle 
bacilli. The method depends on the observation that tubercle bacilli, stained with a 
suitable dye and irradiated with ultra-violet light, transform the invisible short waves to 
longer visible rays. Hagemann (1937fl, 6), who introduced the method, at first advocated 
berberine sulphate as the dye, but later he (1938) recommended aurainine. Observed 
through a yellow filter in the eyepiece, the fluorescent organisms appear as golden yellow 
rods against a violet background. The use of a dry 4 mm. objective with a x 10 eyepiece 
enables a wider field to be covered than with a 2 mm. oil-immersion lens. Xumerous 
favourable reports have been published on the method (for references see Bichards, Kline 
and Leach 1941, Bogen 1941,Lempert 1944), demonstrating its superiority over the Ziehb 
Neelsen stain. It seems clear, however, that not all tubercle bacilli in a preparation 
are revealed by fluorescence microscopy, and that a higher proportion of positive results 
is obtained by cultural methods. 

Cultural Methods iu Diagnosis. — Increasing use is now being made of cultural 
methods in the diagnosis of tuberculosis. XJneontaminated material should be 
seeded directly on to a suitable medium. Contaminated material, such as sputum 
or gastric contents, should be first treated for 10-30 minutes with 15 per cent, 
antiformin, 10 per cent. HCl, 4 , per cent. KaOH, or for 30-60 minutes with 5 per 
cent, oxalic acid, or some other agent capable of killing off non-acid-fast organ- 
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isms. Many different media have been recommended, particularly by American 
workers. 

A. S. Griffith and F. Griffith (1907), working for the Royal Commission on Tuberculosis 
many years ago, made a careful comparison of whole egg, egg yolk, egg yolk agar, and 
various serum media, and found that the most satisfactory medium for ‘primary cultivation 
was Dorset egg (3 parts egg to 1 part saline, sloped and inspissated at 75° C. for 2 hours 
on 2 successive days). Our own experience bears this out. Dorset’s egg medium, which 
i;vas prepared independently by A. S. Griffith and F. Griffith (1907), or a medium made 
up with 2—3 parts of egg yolk to 1 part of tap water (Corper and Cohn 19335, 1942, Schwa- 
bacher 1937, McCarter and Kanne 1942), has proved superior to all the other media— 
Petroff, Petragnani, Lowenstein, Herrold, Corper and Uyei, Woolsey — commonly recom- 
mended. Many of these more complex media contain d 7 es, which have some inhibitory 
action on the growdh of the organisms, and many contain glycerol, which has a selec- 
tive action favoui*ing the growth of the human tubercle bacillus at the expense of the 
bovine. The plain Dorset or egg yolk medium is free from these defects, and is equally 
suitable for the growth of both human and bovine types (see also Griffith, A. S., 1935). 

Great care must be used to avoid contamination of the material with saprophytic 
acid-fast bacilli. Glass-stoppered vessels sterilized in the dry oven or the autoclave should 
be used. Rubber corks, and certainly bark corks, are to be avoided, since they may 
contain acid -fast bacilli. Even using the greatest precautions, it is impossible to avoid 
occasional contamination of the material with saproph 3 rbic acid-fast bacilli, and numerous 
workers have recorded the development of these organisms in otherwise sterile cultures 
(see Tiedemann 1931, Beaven and Bayne-Jones 1931, Pinner 1932, Cummins and Williams 
1933, Griffith 1933, Bruynoghe and Adant 1933, Pinner 1935, Lester 1938). The fact 
that they usually are contaminants, and are not derived from the tissues, is evident from 
the fact that Schwabacher *(1933) obtained them in cultures from normal rabbit blood. 

Under favourable conditions the cultural method is more delicate than the 
microscopic method for the demonstration of acid-fast bacilli. Corper and Cohn 
(1933a) estimate that for the rapid microscopic detection of these bacilli in sputum, 
there must be about 100,000 per ml., whereas for their detection by the cultural 
method 10-100 organisms per ml. suffice. Some workers regard the cultural as 
more delicate even than the animal inoculation method (see Norton et al. 1932). 
The great drawback to the cultural method is that it provides no proof that the acid- 
fast bacilli which have been cultivated are really tubercle bacilli or are derived from 
the material under examination. No organism should, in fact, ever be reported 
as a tubercle bacillus until it has been finally identified by animal inoculation. 

Of recent years, mainly owing to the assertion of Lowenstein that . tubercle 
bacilli can be isolated from the blood of a high proportion of patients suffering not 
only from pulmonary and non-pulmonary tuberculosis, but also from such diseases 
as articular rheumatism, polyarthritis, chorea, multiple sclerosis, schizophrenia, and 
retro-bulbar neuritis, great attention has been paid to the subject of tuberculous 
bacillcemia. We do not propose to discuss this work in detail. Though tubercle 
bacilli may be demonstrated by cultural and animal inoculation methods in as many 
as 5-10 per cent, of severe, advanced and progressive cases of pulmonary tuber- 
culosis, in 30-40 per cent, of cases of miliary and meningeal tuberculosis, and in 
50 per cent, of fatal tuberculous cases examined post mortem, they can very rarely 
be found in the early stages of pulmonary or non-pulmonary tuberculosis. A search 
for these organisms in the blood is therefore of little value in diagnosis. The great 
majority of workers have entirely failed to substantiate Lowenstein’s findings, 
which were almost certainly due to gross errors in technique. The whole subject 
has been critically reviewed by G. S. Wilson (1933). See also Report (1935c). 
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Serological Methods in Diagnosis. — Serological methods of art- liOf, 

on the whole, satisfactory. 

Arloing and Courmont (for references see Wilson, G. S., 192o. in iS9s 
the agglutination test. They obtained a homogeneous siisponsion of tv 

growth of a special strain— now knowm to be of avian type (Wilson, G. S., 192o in 
broth. The reaction was considered positive when the orsanisiins wt-re hy 

the patient’s or animal’s serum in a dilution of 1-5 to 1-20. Positive results were 
in 95 per cent, of early cases of pulmonary tuberculosis and in 50 per cent, of of 

surgical tuberculosis. The percentage, however, of normal persons and of patients siiiieriaj 
from non-tuberculous diseases w^ho reacted positively was as high as 30-67 per emt. 
Numerous other workers (Mongour and Buard 1898, 1899, Beck and RdbmovitSf!h I9<Ji, 
1901, Bendix 1900, Neisser 1900, Koch 1901, Chang 192*2, Cuunuont aijd Papacostis 
1923, Spehl 1923, Karmann 1924) have reported on this test, and the general e.^n- 
sensus of opinion is that as a method of diagnosis it is unreliable; iiiany patients with 
tuberculosis fail to react, and many persons who appear perfectly well do react. 

The complement-fixation reaction stands on a slightly tirnier 'oasis, though ita 
value is still very much disputed. Numerous methods of performing the test have 
been devised, and still more numerous antigens. The French generally employ 
Calmette and MassoPs technique with Besredka's antigen. Table lol taken from 
Eieux (1926), gives some of the results that have been obtained. 


TABLE 104 

Complement Fixation in Tuberculosis. 


Type of Disease. 

Positive Eesttlts. 

Pulmonary tuberculosis with positive sputum 

Clinically tuberculous pleurisy 

Tubercidous peritonitis J 

Tuberculous meningitis i 

Glandular tuberculosis 

Bone and joint tuberculosis 1 

Benal tuberculosis 

Healthy persons 

Persons suffering from non-tuberculous diseases . 

85% 

46-6% 

80% 

Barelv positive 

^ 38 G 

1 50% 

: 90®;, 

i 10-15% 

' 10% 

i 


Rieux concludes that every patient giving a strongly positive reaction, and w*ho is 
not suffering from syphilis, leprosy, or malaria, is tuberculous. Besredka and Manoukhine 
(1914) conclude that in the first stage of tuberculosis the reaction is always positive; 
in the second stage it is generally positive ; in the third stage it is often weakly positive 
or negative — especially before death. In this country the reaction is not held in such 
favour. Coulthard (1923) obtained the highest percentage of positive reactions in chronic 
pulmonary tuberculosis ; he regards a strongly positive reaction as indicative of a relatively 
high degree of immunity, irrespective of the extent of the disease. In acute forms of 
tuberculosis, such as the miliary and acute pneumonic forms, and in tuberculous meningitis, 
the reaction was generally negative. In early pulmonaiy tuberculosis and in actively 
progressive pulmonary tuberculosis the results w^ere disappointing. Sellers and Banisbottom 
(1922) concluded that the test was of little value in diagnosis. 

That the test is generally positive in chronic pulmonary tuberculosis there is 
little doubt ; but these cases can generally be diagnosed by other means. In the 
early stages of the disease, when diagnosis by the usual methods is in doubt, the 
complement-fiLxation reaction is unreliable. It can at best be used only as a sub- 
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sidiary method, and even as such it must be interpreted with great reserve. (For 
further literature on the test, see Calmette and Massol 1914, Dudgeon, Meek and 
Weir 1914, Meek 1914, Radcliffe 1915, Urbain and Fried 1921, Brocq-Rousseu, 
Urbain and Cauchemez 1923, von Gutfeld and Weigert 1924, Douglas, S. R., and 
Meaiiwell 1925, Salomon and Yaltis 1925, Yaltis 1925, Wadsworth et al 1930, 
Hiinigen 1932, Rice et al. 1933, Urgoiti and Beato 1934, Hassegawa and Kochi 
1939.) 

The precipitin reaction, obtained by mixing the patient’s serum with tuber- 
culin, is of little or no practical importance. It is of interest to note that the 
antigen responsible for the complement-fixation and the precipitin reactions is 
a non-protein gum (Laidlaw and Dudley 1925, Mueller 1926). 

Allergic Reactions in Diagnosis. — The tuberculin reaction may be performed 
in various ways ; the tuberculin may be (1) rubbed on to the scarified skin — 
cutaneous reaction of von Pirquet (1907) ; (2) incorporated in an ointment and 
rubbed into the skin — ^percutaneous reaction of Moro ; (3) injected intracutan- 
eously — Mantoux’s reaction (1910) ; (4) dropped into the conjunctiva — Calmette’s 
ophthalmic reaction ; (5) injected subcutaneously — Koch’s original method (1890) 
(see p. 1328) ; (6) applied to the skin on a piece of thin filter paper impregnated 
with undiluted tuberculin and then dried — the patch test of Yollmer and Gold- 
berger (1937, 1938, 1939a, h). Both the von Pirquet and the graded intradermal tests 
have already been described (pp. 1300-01). There is no question that the latter 
method is to be preferred. Nearly all persons with either a latent or an active 
tuberculous infection react positively to tuberculin, except when suffering from 
advanced disease, severe cachexia, or one of the infectious exanthemata. A 
positive reaction indicates the presence of a tuberculous focus in the body, but does 
not distinguish between an active and an inactive lesion. Except in the first 
few years of life a positive reaction is of very limited value in the diagnosis of 
clinical tuberculosis. On the other hand, a negative intracutaneous reaction, 
particularly to a 1/100 or 1/10 dilution, practically excludes the existence of tuber- 
culous infection at any age (see Hart 1932). The Yollmer patch test has found 
some favour for use in infants and young children, but it is clearly neither as reliable 
nor as sensitive as the graded intradermal test (Report 1939, Kereszturi 1941). 

The interpretation of different degrees of reactivity to tuberculin in terms of 
either diagnosis or prognosis (see von Groer 1932, Johnston et al. 1934, Daniels 1944) 
is still open to doubt. As a rule children having a history of contact with tuber- 
culosis, and patients suffering from active tuberculosis, have a very high sensi- 
tivity to tuberculin (Furcolow et al. 1941). For example, of 468 tuberculous 
patients investigated by Furcolow, Hewell and Nelson (1942), 99*6 per cent, reacted 
to 0*0001 mgm. or less of a particular batch of P.P.D., and some reacted even to 
0*000000001 mgm. On the other hand, it was found that patients who were 
seriously ill, who had a short history or the pneumonic form of disease, and who 
were apparently resisting badly, had a lower degree of sensitivity. 

It may be noted that in childhood a positive reaction may become negative 
with complete healing of the lesion, though the frequency with which this occurs 
is not known (see Lloyd and Macpherson 1933, Opie 1935, Zacks and Sartwell 
1942). Dahlstrom’s (1940) conclusion, however, that a high proportion of weak 
reactors in children become negative with the passage of years is very question- 
able ; it has been criticized on the ground that the dilution of tuberculin he used 
was so low that many of the reactions he obtained were probably non-specific 



AKI3IAL IXOCULATIOS IS DIAOXa^IS ISi'r* 

(Furcolow el ah 1941). The allergic coinlirioii i> n.aiii'aiu'a hv tLi- i»*r- 

sistence of tubercle bacilli in quie^cenr or lieah'd A^M.r-inrj -irifl 

Aronson (1927) tubercle bacilli are freqnemly neterTafu** ire 'juui*\s-n:j i!c 
even in apj^arently norniu! lujuj tl'inunh Feldjiiaii aJibt ;J9:>. 

1939) and Saenz ami Canetti (193S| donlA tin-. Ifowe :Vj:X] f;u- rani-i 

variations in the sensitivity of both tu‘ncrc(ihj5m and Lr.n-r^ibeieulun.- tr 

tubercuiiiis. assockited to some extent witii ciianm"' ii bloo.] It ^em^r- 

ally assumed ttiat a positive tuberculin ^eac^ln^l pn-cede< or iv^ccunjianie' tie-* 
appearance of recognizable lesions by X-ray exainiiiation, frut Levi.nr (iboly- La- 
brought e\’ideiice to show that in iiifuuts under one yenr of the revf^r-f* 
may be noted. This may perhajH be due to the poorer anti'OMdv rv^-oioj-'e Li euriv 
infancy than in later years. The comparative lialilitv of ^rLOep-uliirpi-inc- and 
tuberculin-negative reactors to deveh^p puluioiiury ruberciiLei- vuL i-'c At* A, 
later (pp. 133U-33). 

A delayed iuberrAiIin reaction has been desenbed bv DameK », 1943a ri^*\>dopiri 2 .-everal 
weeks or months after the intradermai inj(‘ctioii of old tukeiNadin. It :s r^-uard* d a> an 
indication that the person has become infected with tubtavulo'^i- ^^♦!ne tnnt* iift^T the te'^t. 
The reaction is apparently due to the persistence of fub^ reiiiln in th»* skin. If this inter- 
pretation is correct, the delayed reaction may serve as a useful iiidiout* -r * 4 primary iufeetirui. 

Animal Inoculation Tests in Diagnosis. — The most delicate test for tubercle 
bacilli is animal injection, and the most suitable animal is the giiimni-pig. The 
susceptibility of the guinea-pig is extremely high ; evtm niiniite amounts of iubfctive 
material will render this animal tuberculous. The inateriui' — sputum, pus, milk, 
etc. — should be injected subcutaneously or intramuscularly into the thigh ; the 
advantage of intramuscular injection is that the local abscess which forms does 
not ulcerate through the skin. It is wise to inject at least two aniinals, in case 
one dies of secondary infection — an occurrence which is very common after the 
inoculation of urine or faeces. One animal should be killed 3~4 weeks later, and 
if no signs of tuberculosis are apparent, the other should be kept for 6~8 weeks 
after inoculation before being killed. 

In positive cases killed at 6-8 weeks there will be found ( 1 ) a caseous local lesion ; 
(2) enlargement and caseation of the femoral, inguinal, siibluinbar, portal, inediastiiial, and 
cervical glands, the severity of the lesions diminishing as the distance from tlie site of 
inoculation increases ; (3) enlargement of the spleen with the presence of irregular necrotic 
areas ; (4) yellowish-green necrotic areas in the liver ; (5) a few discrete spherical tubercles 
in the lungs (for further details see p. 425). In animals killed after 3 or 4 weeks the lesions 
are less severe, and are restricted mainly to the low’er portion of the chain of glands and to 
the spleen and liver. Ho^vever experienced the worker may he, it is of paramount impor- 
tance to make a microscopical examination for the presence of acid-fast bacilli. Direct 
smear preparations should be made from tw'o or three enlarged lymphatic glands, as wx41 
as from the spleen, liver, and lungs, and a diagnosis of tuberculosis should not be made 
unless acid-fast bacilli are found in the intemai organs or in glands not directly draining 
the site of inoculation. The reason for this is that saprophytic acid-fast bacilli may be 
present in the local lesion and the regional lymphatic glands, though they are usually 
incapable of penetrating further into the tissues after inoculation by the intramuscular 
route. It is dangerous to make a diagnosis of tuberculosis unless at least one gland show’s 
caseation. In all doubtful cases cultures should be put up on ordinary media for the 
diagnosis of Salmonella^ Brucella y Pasteurella, and pyogenic infections, and on to suitable 
media for the growth of tubercle and saprophytic acid-fast bacilli. Whenever necessary, 
a fresh animal should be inoculated intramuscularly with some ground-up pathological 
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material, and with any aoid-fast bacillus that may develop in culture. Special care must 
be taken in the microscopic examination of material to guard against the presence of acid- 
fast bacilli derived from water or from tuberculous tissue on the instruments used for making 
a post-mortem examination, since boiling does not destroy their property of acid-fastness. 
Heating the instruments in a Bunsen flame to dull redness usually suffices for this purpose. 

The tuberculin test, made by inoculating 0*1 ml. of a 1 /50 to 1/100 dilution of old 
tuberculin into the skin of the flank, may be used for the diagnosis of tuberculosis 
in a guinea-pig during life (see p. 1328). It is of particular value in furnishing a guide 
to the time at which the animal should be killed. The test is usually very reliable, 
provided no reaction is considered positive unless the local lesion reaches 10 mm. 
in diameter. Tuberculosis, however, should never be diagnosed on a tuberculin 
test alone ; the result must always be confirmed by post-mortem examination. 


IMMUNITY IN TUBERCULOSIS 

Our knowledge of the defensive mechanism of the animal body against the 
tubercle bacillus is very incomplete. A study of the humoral antibodies — notably 
agglutinins, complement-fixing bodies, and opsonins — ^has failed to throw much 
light on the subject ; there is apparently no strict relationship between the antibody 
content of the person’s serum and his resistance to tuberculosis. Most of the 
knowledge that we have gained consists of isolated observations, which it is impos- 
sible as yet to piece together except in the form of a purely tentative hypothesis. 
A summary of these observations must necessarily be disjointed. 

Koch’s Phenomenon, — If a healthy guinea-pig is injected subcutaneously with 
a pure culture of tubercle bacilli, the slight local lesion caused by the injection 
heals in a few days ; in 10 to 14 days, however, a hard nodule appears, which 
breaks down and remains as an ulcerating sore till the animal dies ; the regional 
lymphatic glands swell considerably and undergo caseation. But if a tuberculous 
guinea-pig — one that has been injected 4 to 6 weeks previously — is injected sub- 
cutaneously into the opposite thigh with a pure culture of tubercle bacilh, the 
slight local lesion heals rapidly, but no nodule forms. Instead, on the 1st or 
2nd day after inoculation, a circular dark-coloured area of induration, about J to 
1 cm. in diameter, appears at the site of injection. The next day the skin over 
this ecchymotic area undergoes necrosis ; and later it is thrown ofi leaving a 
shallow ulcer, which heals quickly ; the focal lymphatic glands remain unafiected. 
This reaction was first observed by Koch (1891a), and is known as Koch’s pheno- 
menon. For its success three conditions are necessary (von Lowenstein 1913) : 
(1) the primary infection must be a slight one, so that the disease runs a chronic 
course ; (2) the re-infecting dose must be given as late as possible after the sen- 
sitizing dbse ; the longer the animal has been infected the higher is its resistance ; 
(3) the re-infecting dose must not be too large. 

It is clear that the reaction of a tuberculous guinea-pig to a fresh infection 
is different from that of a normal guinea-pig to a primary infection. Some experi- 
ments conducted by Debre and Bonnet (1922) wiU make this clearer. 

A, One group of guinea-pigs was injected with 0*1 mgm. of tubercle bacilli every 
day for 5 days. Result . — ^Five nodules appeared, identical in their period of incubation 
(8 to 10 days), in their evolution, and in their accompanying glandular reaction. JB. Another 
group of guinea-pigs was injected with 0*1 mgm, of tubercle bacilli every 5 days on five 
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successive occasions. ResalL — ^The first tvo UMflulr*' and tianr a*v*Mnip aininj /i jr 
reaction were identical with those in »Seri<‘fc .4. The flnrd ,.itrr ?i -ImTh^r 

incubation period than the first two, was niU«*h smale-r o h ntj] a 

nut — d](l not ulcerate, and caused only a di,L4if adinduj'ir -Oid dftli 

nodules were identical with the third. C. Anotla^r jrMiip of n.je^ tf_d with 

0*1 m,sm. of tubercle bacilli every 10 days on fivo >iiccvr.dv-* o- /A — Tfjr List 

nodule and its accompanying glandular reaction wen* ^uniiir t^- tliov- in Sri ^ .‘I. Th** 
second and third nodules resembled the 3rd, 4th, aiid 5th noduh*', of Serh'S /;. Ah f iiir^h 
nodule produced either a typical Koch's phenou.entm, or rapid ^b^cess for^natlr: fu]r>w^-! 
by cicatrization, without any dandular eidargcnient. Th»- fifth iioi!ii!»* eon-tunt]; ])r rvi .'o d 
the typical eschar described by Koch. With these parti^'Uidr d it wdl tniit 

Koch’s phenomenon did not appear till about d weeks afP-r the first injectioji. 1 ; » mom 
lesson to be learnt from this experiment is that tlie "* t-hni^-ai " su|c‘rm:' < A t 
culous guinea-pig is impracticable after the ap]iearan< >* of the Io“:iI abs- *- *ss. c** t nr 1. >!.! 
lesion has appeared the animal reacts to a fresh infection just as 's ih il auiu. ij ; but ^ >}" .p 
the local lesion due to the first mjection has developed — grjicra!];. In s t*j 10 d-sv^— the 
lesions produced by subsequent injections becouic less and less, till alter t; wet'k^ the fre‘-ijly 
injected organisms call forth an acute reaction, quite unlike the clifunic prMec.>* that 
follows a primary infection. 

These obsert'ations are similar to those made on experiinentul syphilis, which 
have shown that it is possible to produce in the apt* a aeries of clid,!u*res, so lung 
as the second injections are made before the tip]>earaiice of t!:e primary chancre ; 
once the primary chancre has appeared, further inocuhith ni of syphilitic iiiaterkd 
fails to produce a fresh chancre. The guinea-pig that ha^ developed a lueal tuber- 
culous lesion, or the ape that has developed a primary cliaiuTe, reacts ditferentiy 
from a normal animal to a fresh infection. It is, so to speak, at once inore e 

and more resistant to the infective material than the normal animal. This state 
of hypersensitiveness is generally known as tillayy. Whether the iinm unity Ls only 
a symptom-immunity, or vrhether it is sufficiently high to prevent the aiduai in- 
vasion of the organisms at the site of the second injection is not known, but the 
experiments of Thomsen and Pedersen-Bjergaard (1933) suggest that it may he of 
the latter type. 

*Koch {1891u) found that his phenomenon could be reproduced even when 
dead tubercle bacilli were employed for the second injection. Killed suspensions 
of tubercle bacilli,* when injected subcutaneously into normal guinea-pigs, give 
rise merely to a local sterile abscess ; there is no constitutional disturbance 
whatever. But if they are injected into a tuberculous guinea-pig, one of 
two things happens, depending on the dose : if a large dose is used the guinea- 
pig dies in 6 to 48 hours ; if a smaller dose is used, there is a local necrosis of 
the skin — Koch’s phenomenon. The allergic guinea-pig, in fact, responds to the 
injection of dead tubercle baciUi in very much the same way as to that of living 
bacilli.” Koch therefore argued that the reaction must in each case be due to 
some chemical substance present alike in living and dead bacilli. This active 
principle he endeavoured to obtain in a soluble form (Koch 18916). 

Tuberculin : Preparation, Purification, and Standardization.-— Koch grevr tubercle 
bacilli for 6 to 8 weeks at 38*^ C. in flat-bottomed flasks containing 5 per cent, 
glycerine broth. The culture was then placed in a water-bath at 100° C., evaporated 
to 1/10 of its volume, and freed from bacilli by filtration through a clay or kieselguhr 
candle. The resulting filtrate was a clear, brown, syrupy fluid ; as it contained 
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4:0-50 per cent, of glycerine, no antiseptic was required for its preservation. It is 
generally known as Koch’s old or original tuberculin, and contains all the substances 
in the culture medium, including those formed from the medium by the bacilli, and 
the disintegration products of the bacilli themselves, not precipitated by 50 per cent, 
glycerine. This old tuberculin was found to contain in an impure form the toxic 
constituents that Koch had been looking for. It is heat-stable, and, when undiluted, 
will resist autoclaving for half an hour. 

Later, owing to the failure of old tuberculin in the treatment of tuberculosis, 
Koch (1897) prepared a series of tuberculins in the hope of obtaining one that should 
be immunizing without being toxic. These, which were called Tuberculin A, 
Tuberculin 0, Tuberculin R, and Tuberculin BE, are now mainly of historic interest 
(for their preparation see Topley and Wilson, 2nd edition, p. 1041). 

Of late years attention has centred on the preparation of a product as free as 
possible from substances capable of giving rise to non-specific reactions when used 
for graded intradermal tubercuhn tests. Eor this purpose synthetic media have 
replaced broth (Long and Seibert 1926, Douglas and Hartley 19346). From the 
old tuberculin thus produced a substance known as purified protein derivative 
(P.P.D.), containing the active principle of tuberculin, has been isolated and 
purified by ultrafiltration to get rid of the salts and glycerol, followed by precipita- 
tion with trichloracetic acid (Seibert et al. 1934). (See also Gough 1934.) Further 
wmrk has resulted in the separation of a protein derivative with a molecular weight of 
only 10,500, containing very little nucleic acid and polysaccharide, and having twice 
the potency of the previous product (Seibert, Pedersen and Tiselius 1938, Seibert 
1941a, 5, Seibert and Glenn 1941). Though P.P.D. constitutes an advance on 
O.T., it is still far from perfect as a specific diagnostic agent. Successive prepara- 
tions differ in potency, in specificity, and in antigenicity (McCarter and Watson 
1942), so that standardization is just as necessary as with O.T. (For the chemistry 
of tuberculin, see Seibert 1944.) 

Old tuberculin is most conveniently standardized against a standard tuberculin 
• — hitherto issued by the Frankfurt Institute but now stored at the State Serum 
Institute, Copenhagen (see Report 1931a) — ^using the intradermal inoculation of 
sensitized guinea-pigs (see Okell and Parish 1927, Parish 1938). 

This method, originally described by Romer (1909), consists in inoculating the tuberculin 
into the animars flank. As many as 12 or 16 injections can be made on the depilated skin 
of the same animal. Twenty-four hours after injection a large papule is seen with a 
hsemorrhagic necrotic centre — the so-called cockade reaction. The reaction reaches its 
height after 48 hours, and later necrosis becomes more marked. Slight infiltration and 
swelling cannot be regarded as positive. Romer’s test is positive about 3 weeks after 
infection. Dilutions of the tuberculin to be tested are compared with the standard tuber- 
culin, and the relative potencies of the two products determined, 

Tuberculo-proteiu preparations are standardized against old tuberculin, either 
by using the guinea-pig method or by making titrations on human subjects (see 
Lichtenstein 1934, Appel et aL 1934, Barnwell and Pollard 1934, Aronson 1934, 
Long 1934, Long et al, 1934). 

The Reaction to Tuberculin. — Koch found that 2 ml. of old tuberculin injected 
subcutaneously into a normal guinea-pig had very little effect on it ; but the 
injection of as small a quantity as 0*01 ml. into a tuberculous guinea-pig — infected 
8 to 10 weeks previously — killed it within a few hours. Post mortem, the local 
lesion at the site of the tuberculin injection was very congested, and often dark or 
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ahiiOst violet* in rolrnir: tiii* ftr^eiu weii* al'jo 't,erv s ]i\f*r and 

splevii, besities their tiiljerruluiis •'fiMwed « )!i tiiM r:*La.er< .'U'~ naii*! ti- 

forra (lark red spot^ ]of>ki!j,L^ like esHdiyiao-**'-, bait whirh aa v were 

to consist of eiierifiuii^!} dHtetekal <'ap]hane- m tLr JiHejlikuarh* ted ef tL» +ab»-r- 
cnloiis foei, tilled wit!i red blood eorpu>*‘ie'. That i- fo tLt* eih-rt of tie* taker- 
euliu to pro«li[r<- flj a loeal le>ioh, at the -ite of injeetie^ii : fl! a fi;e<d ie-ieii. 
around the tubereles m the tn-^ues : and a eon'-titu^iorad n-a'nion, lerifinL itin^ 
in death (see abo p. lidl^. 

Analogous observations were inado on niari. A liew’-bom infair, wdii(di itas 
never come into contact with tuLerculods, cue withstand tho :nj^'(*ri.ui of 1 ml. 
of old tuberculin, A healthy adult, who Lun l^een inlecte^!, lait whu i*» n* a 
from clinical tuhercuh^sis, can %vith^tand tli** injkoeifUi of about u.,, witleen 
suffering from more than tran>ient malaise and d'njht pa!n< in th,^ dr,,!-, lint 
the same quantity injected into a clinically tubt-rciiiou^ patient tm a 

severe reaction, characterized by malaise, pains in th»‘ iimi-s, c<e:uh, dyyanoM, 
rigor, vomiting, and a high fever: the temperature i;euin> to rise abou^ i liours 
after the injection, reaches a maximum of lU’J^ to 104^ F., and pa^^^^ off in 12 
to 15 hours. As in the guinea-pig, the reaction i> (I) iooul — an intlimEiatory 
reaction occurs at the site of injection (StfchreakfloH) : {2} focal— acute cougtstioii 
occurs around tuberculous foci ; this can }>e actually ob'^erved in lupus patients ; 
an injection causes redness and swelling of the iosion, lasting for 2 or 3 thiys, 
followed by the formation of crusts of dried exuded serum, which drop off in 2 or 3 
weeks leaving a clean red scar : (3) a constitutional reaction, already doscrileti 

The tuberculin reaction can be obtained not only in animals aciiially infected 
with the tubercle bacillus, but also in animals that have been injeoted with dead 
tubercle bacilli. Bessaii (1916), for example, was able by the intraperitoneal 
injection of 1 mgm. of human tubercle bacilli killed by heat at 65” C. for 2 hours, 
or by the subcutaneous injection of 5-15 mgm., to produce a skin sensitivity to 
tuberculin in guinea-pigs ; the tuberculin reaction w'as often as strong as in 
tuberculous animals. But this hypersensitiveness did not develop immediately ; 
it took as a rule 2 to 3 weeks, and sometimes as long as 4 months, to develop. 
These observations have been frequently confirmed (Nakayania 1924, Zinsser and 
Petroff 1924, Lange and Freund 1926). 

Unlike dead baciUi, old tuberculin, even after a long course of injections, usually fails 
to sensitize the guinea-pig (but see Aronson and Nicholas 1933). According to Seibert 
(1932), this is due partly to the fact that the dosage is inadequate, and partly to a diminu- 
tion in the antigenic activity of the protein in old tuberculin as the result of the heat 
used in its preparation, Tuberculo-protein, on the other hand, if given in a total dosage 
of about 30 mgm., corresponding to about 60 ml. of pure tubercuHii, is capable of bringing 
about typical skin sensitiveness in the guinea-pig. Rabbits can also be sensitized if larger 
doses are used, but the tuberculin reaction in the rabhit is less constant than in the giirnea- 
pig, and not all tuberculous rabbits react to tuberculin (see Report 1913). It is very 
difficult to regard Seibert’s explanation as wholly satisfactory, as siie herself realizes. 
Why is it, for example, that guinea-pigs can be sensitized to tuberculin Ijy a single dose 
of OT— 0*5 mgm. of dead tubercle bacilli (see Tytler 1930, Douglas and Hartley 1934a), 
when it requires as much as 30 mgm. of purified protein to produce the same effect ? 

Bovine and human tuberculin appear to be similar in their toxic effects (^\ olbach 
and Ernst 1904). Moreover, tuberculins prepared from strains differing in viraleiiee 
have apparently the same potency (see *Seibert and Motley 1933). There k evidence. 



TUBERCULOSIS 


ISoO 

however, that liiinxan and bovine tuberculins are not identical ; a difference 
between them can be detected by means of cross-anaphylactic reactions in the 
guinea-pig (see Lewis and Seibert 1931.) 

Since dead bacilli are able to sensitize animals to tuberculin, some sensitizing 
substance, tuberculin or tuberculin-like, must be liberated from the bacilli in the 
tissues. These substances sensitize the cells of the body, which are then able to 
react more strongly to the subsequent injection of tuberculin. 

The generalized tuberculin reaction has been held to differ from anaphylaxis in that 
(1) the passive transference of tuberculin sensitivity from an infected to a normal animal 
has never yet been satisfactorily demonstrated : (2) the focal reaction, which occurs 
in the immediate neighbourhood of foci of active tuberculous infection after the injection 
of tuberculin, has no counterpart in anaphylactic shock : (3) the reaction to tuberculin 
is delayed for some hours ; in anaphylaxis the shock occurs directly after the injection : 
(4) after tuberculin there is a rise in temperature ; in anaphylactic shock there is a faU 
in temperature (see Chapter 51). 

It is doubtful whether much attention should be paid to these differences. Lewis 
and Seibert (1931), for example, have apparently been able to produce fatal anaphylactic 
shock in guinea-pigs by the use of tuberculo-protein in place of tuberculin (see also Enders 
1929). The sensitizing dose was 0-l~15*0 mgm. and was given intraperitoneaUy ; the 
“ shocking ” dose was 5-15 mgm. and was given intravenously. Similar shock could 
be produced by the intravenous injection of tuberculo-protein into tuberculous guinea- 
pigs. Passive sensitization was also successfully accomplished by the intravenous injec- 
tion of guinea-pigs with the serum of other guinea-pigs that had been actively immunized 
by repeated inoculation with tuberculo-protein. Twenty -four hours after the receipt of 
the serum, the passively sensitized animals were inoculated with 10-15 mgm. of tubercxilo- 
protein. Most of them died of shock vdthin 5 minutes. The serum of tuberculous guinea- 
pigs, however, was unable to convey passive sensitization to normal ardmals. Lewis 
and Seibert beheve that bacterial protein preparations are usually bad anaphylactogens, 
because in their native state they are very insoluble, and when brought into solution they 
are either denatured,^ altered, or hydrolysed, particularly if they are exposed to heat, 
cold, sunlight, acids, or alkalies. Lltra-filtration and precipitation with ammonium 
sulphate are free from these defects, and were used for the preparation of the tuberculo- 
proteins in the experiments just described. Most workers have used old tubercuHn, 
which has been submitted to prolonged heating, and it is probable that their failure to 
obtain anaphylactic shock may be attributable to this cause. On the whole it seems 
likely that the differences between the generalized tuberculin reaction and the typical 
anaphylactic reaction are dependent far more on solubility and rapidity of absorption 
of the protein than on any fundamental differences in the nature of the two reactions. 
In this connection it is interestiug to note that Brahic and Veyron (1939) found a striking 
parallelism between the reaction to the intradermal inoculation of tuberculin and that 
to histamine (see p. 1148). Patients givmg a strong tuberculin reaction likewise reacted 
strongly to histamine, and those with a weak tuberculin reaction gave only a feeble 
histamuie reaction. 

The Relation between Allergy and Immunity 

Of recent years, owing partly to the observations of Heimbeck and Ms Scandi- 
navian colleagues on the development of tuberculosis in nurses and students, and 
partly to the observations on animals of Rich and Ms colleagues in the XJMted 
States, the relation between allergy and immumty has been under active discussion. 
Two opposing views have been expressed, each based on circumstantial evidence. 
It must b» OUT endeavour to present the two sides of the case as fairly as we can. 
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In the first place we must define our term^, hf^rause arisen 

from lack of clarity in this resj>ect. Kicli. for exjiiipif*, alh-nii.’ and immuriit v 

mainly in terms of results. If ulieruy is .i^ a In vJiS< fi ti-'iit'S 

are damaged and imniuniry a^ a state in which trisn' are pr< rh^u 

allergy must he had and iniiimnity uood. In so fiir is bac^^rinloiic I- 
we would rather define alleruy as a condition wlaoh mav de’O'lMn a^ rn-nlr of 
introducing bacteria or their products into the body, and whu-h manifi'-t- 
as a heightened or accelerated iniiaimnatury r'^spun.'^e tuWiird-. a ;L*r 

of antigen or other related 3ub.4a!iee, irre'^pe(‘tive of the balafice of harnn or 
that the altered response confers on the alh-rgic lio.-t. Acquired Las^terial irmn nnuy 
may be defined, for our purpose, as a state of redstance of the hunt, partial c^r 
complete, specific or non-specific*, towards a uiven baeteriuin it- pro-iuets. Tht* 
problem is to determine whether allergy, as ju>t defined, pdays aiiy part in the 
resistance of the host to tuberculosis. 

Observations on Human Beings.- — Stimulated by SeL»***rs uL^erva+ioans the 
Ullevaal Communal Hospital at Oslo on the frequency of rubereiilu-is in [fruhationer 
nurses, Heiiiibeck (1927, 1932, 1933, 193d) tested with tuber;* ulin every nurse 
entering the hospital. The training cour.'se lasted three years and comprised a 
period of service in the tuberculosis wards. Of 905 prubationers -iihmitted to 
the von Pirquet test, 625 gave a positive and 28ti a negative The te^ts 

were begun on January 1st, 1921, and up to the time of publication in 1936, 27 tu 
the initially tuberculin-positive and 96 of the initially tuberciilin-neuaiive niir-es 
are said to have developed tuberculosis : in the former sroiip none, arid in tli^ 
latter group 10, died. Thus the incidence of tuberculosis was about S times as 
high in the negative as in the positive group. 

From 1927 onwards Heimbeck endeav'oured to protect the von Pir<|ii*n m^uative 
nurses by vaccinating them subcutaneously with B.C.G. (<ee p. Ib37|. As the 
result of this procedure many of the nurses developed a positive tiiben-ulin reacti«)ii, 
but some did not. The two groups were followed up, and it was found that of 
287 nurses who became von Pirquet positive, only 8 developed tuberculosis, whereas 
of 107 who remained negative, no fewer than 22 developed tuberculosis. The 
incidence of tuberculosis was therefore over 7 times as high in the negative as in 
the positive group. 

From these observations Heimbeck concludes that allergy is an expression 
of immunity. Before accepting, however, these figures as conclusive, two points 
must be noted. Firstly, instead of following up initially positive and initially 
negative nurses over the same length of time, Heimbeck transferred in Ms analysis 
the initially tuberculin-negative nurses to the jiositive group within one year of 
their primary infection. The result of tMs was that if the nurse developed symp- 
toms of tuberculosis within a year of her primary infection, she appeared among 
the initially negative group that became tuberculous. If, on the other hand, 
she 'remained perfectly well for a year after becoming von Pirquet positive, she 
went to swell the group of initially positive nurses who failed to develop tuber- 
culosis. Since Israel, Hetherington and Ord (194:1) found that the majority of 
tuberculous lesions in initially tuberculin-negative nurses occurred during the 
year following the appearance of a positive reaction, there seems little doubt that 
the effect of tMs transfer must have been to increase the disparity between the 
two groups and weight the odds in favour of the initially tuberculin-positive group. 
In the second place, the term tuberculosis comprised pleurisy, pulmonary infii- 
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tratioii, erytlieiiia nodosum, and glandular tuberculosis as well as manifest pub 
moiiary tuberculosis. If we restrict ourselves to tbis last group of cases, witb 
tubercle bacilli in tlie sputum, tlieii we find that only 4 out of 27 patients in the 
initially tuberculin-positive group and only 13 out of 96 in the initially negative 
group wbo are said to have developed tuberculosis suffered from manifest pul- 
monary disease. This makes little difference to the comparison between the two 
groups, but it does give a very different picture of the incidence of tuberculosis 
in the Oslo nurses. 

Observations similar to those of Heimbeck have been made by other workers on nurses 
and medical students. Those recorded by Khistenson (1933) and Scheel (1935) in Scandi- 
navia, Kist (1939) in Paris, and Israel, Hetherington and Ord (1941), Brahdy (1941), 
and Zacks and Sartw^ell (1942) in the United States are in general consonance with the 
results obtained by Heimbeck, though the differences between the tuberculin-positive 
and tuberculin-negative groups were usually considerably less than those recorded by 
Heimbeck. On the other hand, Jacobson (1933) in Denmark, and Plunkett, Weber, Siegal 
and Donk (1940) in the Newark State school for mental defectives found httle difference 
betw'^een the tw'o groups ; and Shipman and Davis (1933) in California and Wiirtzen and 
Sjorslev (1936) recorded results that w^ere actually in favour of the tuberculin-negative 
group (see also Ljung 1939). 

We may turn now to investigations carried out under very different conditions, 
namely among the mine labourers on the Witwatersrand (Report 19326). These 
labourers, or boys/’ came from native territories in which tuberculosis was 
endemic. On arrival at the mine, they %vere submitted to a cursory physical exam- 
ination in order to eliminate those with obvious disease, and were tested intra- 
dermally with OT ml. of a 1/5000 dilution of old tuberculin. Their after-history 
is summarized in Table 105. 


TABLE 105 

Showung Proportion op Positive and Negative Beactobs to 1/5000 Tuberculin 
DEVELOPING Clinical TUBERCULOSIS. (S. African gold miners.) 


; 

Type of Reaction. 

Number. 

No. developing 
Tuberculosis. 

Incidence of Tuber- 
culosis per 100,000. 

(a) Negative 

32,864 

114 

347 

(6) Weakly or moderately positive 

57,236 

391 

683 

(c) Strongly positive i 

3,879 

60 

1,547 

(b and c) Positive | 

1 

61,115 

452 

738 


It will be seen that the incidence of tuberculosis was more than twice as high 
in the positive as in the negative reactors, and that the stronger the reaction was 
to tuberculin, the greater was the liability to clinical tuberculosis. 

Before concluding that these figures are in direct contradiction to those of 
Heimbeck, it is important to realize that the two populations concerned differed 
in several respects. Heimbeck’s nurses bad been physically examined before being 
enrolled as probationers and all those with a history or with symptoms of tuber- 
culosis had been excluded. The South African “ boys ” had undergone a much less 
rigorous inspection. As a result, probably a number of the positive reactors were 
suffering from latent active lesions, which progressed under the severe physical 
exercise in the mines to manifest pulmonary tuberculosis. Tbis interpretation is 
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borne out by the fact that one-third of [iodrivf' r-'v*** ■»!*-, 

within three months of their admhsiuii trj [*■ i Mrii, 

though the incidence of tiibf^r<'uloM.'^ wa- hiirh»‘rio [-u-inv*' ri/ju >' d’'- 
group of "Rand labourers, the >eventv «if di'-a-H u\-l *he ^ i. 

were both coiisiderabiy greater iune^rr^ ini^Lblr >r- Tb^ - 

showed little or no tendency to hbrud>. ai.d "in* r^T./nv 1. 

w'hereas in the positive reactors fibrosi- o^'curn-d u.rsl ri>* nfoc. r» n..s.:* **»! 

confined to the lungs. Thus, in *21 pt-r 'a-iu. nf tuf .n 

group the disease ran a septisMunic course, n< \u i n^*r so the“ 

and 5 pjer cent, in the moderately or weakly, pM^irive *ebi'.^n 'Utin noer-. 

Two more discrepant ofi^ervations nia;. mt ancewd. Myr^ .i\<i o fs3l 

in the United States found that rliildnai \\h^ u^rt tab^T - lino}* .b.t -V - ii' - 

developed tuberculosis during the next lo or 12 far sr** tr ee sriv ti Ui tj - jt 

tuberculin-negative eias>.mates. Siiuilar findinc" n^<'orhfi p. bon* , S'rr.og .ia>i 

Zacks (1939). Yet Zacks and S'lrtweli (1942- found that in a -eho'ol f-r d*io :b*-blr^,!n0:df e] 
the proportion of non-reactors who developed tuher-nYsls dorbig ,i o**riod nt lo y*Mr^ 
was 4 times as great as that of initially po-iti\e re{i‘'Tors. Fin.«!h, f/o ino dOll , found 
that in children under 6 years of age tbr- mortality rat»' f',|| . xogt imu*^ inf-dion 

was much the same in those who were previoii>iy tula ruilin-po-un e a- n: fi^^se who 
were previously tuberculin -negative, suggesting that -eu.^ixiz.tth ^n tin ti'^ue- did E^ot 
render a subsequent infection either more or d;mgerons. 

We have quoted enough evidence to show that there eaii be im >i!n|,)Ie relation” 
ship between allergy and immunity in the hiiiiiaii ^uiqtat. Un-Ier one --ec of eiuj- 
ditions the advantage is on the side of the allergic, under another set on the 4dc 
of the non-allergic. Admittedly some of the data are not free frrmi critiei-m. 
Among school children, for example, it is probable that those who react t** 
oulin are more likely to be exposed to further iofeetioii in the future uiaii tho^e 
who fail to react and are probably living in homes free from infection. Yevertlie- 
less the recorded differences between the behaviour of tiiberciilin-positive and 
tuberculin-negative reactors are too great to be explained away by errors of this 
sort. 

On the whole the evidence suggests that persons who have passed safely through 
their primary infection are less liable to develop manifest tuberculosis when exposed 
to fresh infection than are those with no previous experience of the tubercle bacillus. 
The degree of benefit they derive, however, from their allergic state is probably 
dependent on a number of factors of which we have only imperfect knowledge. 
On the other hand, when they are exposed to unfavourable environmental con- 
ditions, such as overwork, undue fatigue, inadequate nutrition, and insufficient 
sleep, in the absence of any unusual exposure to new infection, allergic patients 
are more liable to break down through endogenous infection than those who are 
non-allergic. Put more succinctly, in the heavily infected milieu of a tuberculosis 
hospital the advantage is with the allergic ; in the less heavily infected but physically 
strenuous conditions of the mine or the factory, the advantage is with the non- 
allergic. 

Observations on Animals. — Turning to the experimental study of allergy, vre 
may start with the observations of Rich (1929, 1930, 1931, 1933«, b) and of Ms 
colleagues (Rich and McCordock 1929, Rich and Brown 1930, Rich, Chesney and 
Turner 1933, Rich, Jennings and Downing 1933, Rothschild et ah 1934). 

Briefly, it was found that guinea-pigs which had been submitted to a mild 
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infection and tlien desensitized by repeated massive doses of tuberculin were just as 
resistant to superinfection with virulent tubercle bachli as control animals that had received 
the same primary infection but had not been desensitized. From this observation Rich 
concludes that allergy plays no part in immunity. 

Numerous workers (for references see Wilson, Schwabacher and Maier 1940) have con- 
firmed Rich’s fundamental observation, but not all would agree with him in its inter- 
pretation. A great deal hangs on the meaning of allergy and of desensitization. Is it 
possible, for instance, to desensitize a tuberculous guinea-pig so completely that it can 
be regarded as non-allergic ? The experimental evidence seems to show that, though 
the skin reactivity may be practically, though only temporarily, abolished by massive 
doses of tuberculin, it is almost impossible to achieve and maintain this state without 
seriously impairing the health and life of the animals. It is therefore doubtful whether 
a true comparison has ever been made between completely desensitized and control 
animals. 

Again it is to be questioned whether desensitization of the skin necessarily implies 
desensitization of other tissues. Freund (1929), for example, showed that young tuber- 
culous guinea-pigs were just as sensitive as adult guinea-pigs to the intraperitoneal inocula- 
tion of tuberculin, even though they were practically insensitive to its inoculation intra- 
cutaneously ; and Hehre and Freund (1939) found that tuberculous rats, though develop- 
ing no local inflammatory reaction after injection of tuberculin into the skin, nevertheless 
died of tuberculin shock. 

Another difficulty is to know whether the Liberal daily dosage with tuberculin necessary 
to maintain the desensitization of the guinea-pig’s skin has any immunizing ejBFect. Rich 
assumes that it has not. Experimental evidence, it is true, suggests that injection of 
tuberculin leads to no increase in resistance of the normal animal, but that in allergic 
animals it sets up a series of focal reactions which may confer on the tissues some degree 
of resistance to the invasion of tubercle bacilli. 

The work of Lurie (1934) indicates that the destruction of avirulent tubercle bacilli 
which occurs in the internal organs is greatest when the maximum degree of hyper- 
sensitivity is reached. The observations of Freimd and Opie (1938) suggest that, though 
there is no linear relationship between skin sensitivity and resistance to the intravenous 
injection of virulent tubercle bacilli, nevertheless animals that are moderately allergic 
at the time of infection usually prove most resistant. Our own observations (Wilson et al, 
1940) point in the same direction. Thus we formd that a moderate degree of aEergy in 
vaccinated animals at the time of infection was more beneficial than a low or high degree, 
and that in both normal and vaccinated animals the survival time tended to be more 
or less proportional to the degree of skin sensitivity reached after infection. In this 
connection the observations of Lurie (1938, 19446) are of special interest. Lurie found 
that in genetically resistant rabbits the skin was less permeable to Indian ink, and that, 
skin sensitivity to tuberculin was more rapidly established after infection than in genetic- 
ally susceptible animals. In other words, animals capable of developing the greatest 
degree of allergy after infection, and presumably of restricting the invasion of the bacilli, 
tended to have the greatest resistance. The corollary of this, namely that bacilli multiply 
most in the tissues of animals having a very low degree of skin sensitivity, has been reported 
by Woodruff and lielly (1942). 

Many years ago Krause (1925) and Willis (1925) showed that the dissemination of 
tubercle baciUi from a local cutaneous or subcutaneous infection was very much slower 
in the aUergic than in the normal animal. The local fixation of tubercle bacOh may 
depend, as Rich appears to believe, on the presence of agglutinating antibodies ; but since 
carbon particles (Lurie 1936) and dye particles (Joyner and Sabin 1938) are similarly 
fixed, it is probable that a non-specific cellular mechanism is at work as well. The observa- 
tions of Freund and Angevine (1938) indicate that tubercle bacilli may multiply at the 
site of fixation, and that the retardation of lymphatic invasion is therefore probably due 
to mechanical factors (see Chapter 47). The mechanism of fixation may be reinforced 
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by the presence of specific antibodic'-. wliir*h ro ,st ^ f' irifi.irnniafMrv 

areas in allergic aniraaL (Menkiii ib3H, Fo\- . 

Another characteristic i\hich, acfordircj to Lara >11^3*^'/. b, ItM2. > t,., ,r(.^ 
related to imninnity than amdliing cl,>p. tin* in^Tt.w'd oLa'j'-a in- ■' f 

nuclear cells in tuberculous animals. Thi> is nianifi-tfd both A '--V i:id < ir. I 
appears to be independent of hiiniural antihudb*^. Tia* Ui*-,:!* crj' lo.ir a* ii- i una ihr^' 
more rapidly at the local site of mfe<'‘tion in vre-'-inatod or t?*}.? rrui a:- aoioi'ib than ia 
normal animals, and destroy the ingested ba-ilh ture ^ ^ oa-’y. Il.e.' far 

this cellular sensitization may be regarded a.*, part nt tbe afierjM' n-’,. i taay isjisap-. 
be questioned, but we find it difficult to separate it from the ia-ribi#<red or i 

inflammatory’^ response that we regard as charaeteristic of the alb'rjr' -tato. 

All of this evidence is compatible with the the^i> that an eel^rat.' d r« ^ f tia^ 

tissue cells to the tubercle bacillus or its prodiiets is of survival valuo to fra hoisr. llii'- 
conclusion agrees with that reached by Mfaikin iVXSS) lu hF re\i^ on tf-o r^bh mi inti im- 
mation in immunity. The beneficial effect f>f deseusitization uiih tub^r* iilin In os 

to lie not in abolishing allergy, but in converting a high into a law thvu'oo of rdi^-rjy . 1 he 

repeated doses of tuhercuhn set up minor inilaminatory reaetir.iiS aroiind eaeh tub» rculous 
focus in the body, and these tend to retard desseminatifui of tiio tub^Tale ba«i3l] and 
prevent the rapid and destructive caseation in the internal oruaii^ \\hiaii s**#*ms mnn- 
prone to occur in very hypersensitive animals. It seems chur, h«ou‘ver, that aliergv is 
not the only mechanism concerned in immunity. Under the scetioii on Heredity f»tr 
instance, we have already referred to Lurie’s (H>41) observations on raUhits. iii ulii'di lie 
found that genetically resistant rabbits, liesides developintr a rapid and intense of 

allergy, were distinguished from susceptible animals by a low ‘'kin ]H‘rmeublbty and tiie 
power to form antibodies quickly and in high concentration. 

Summarizing, we believe that the experimental and the field evidence suggest 
that immunity to tuberculosis is composite, and that allergy is one of the fa(‘‘t<®rs 
which often, though not always, contributes to its establishment. The fixa- 
tion of the organisms that occurs at the site of infection in the allergic subject 
prevents rapid lymphatic dissemination and enables the sensitized mononuclear 
cells to ingest and destroy the invading tubercle bacilli more quickly than in the 
non-allergio subject. On the other hand, there is some evidence that in the internal 
organs the violence of the inflammatory reaction that occurs around tuberculous 
foci in the highly allergic subject may lead to such rapid tissue necrosis that the 
resulting caseous abscess may constitute a source of general toxremia, or by ruptur- 
ing into a bronchus, for example, may pave the wajr for secondary infection. In 
general, allergic subjects are probably less liable to develop clinical tuberculosis 
than those who have never been in contact with the tubercle bacillus, but there 
are numerous exceptions. Allergic persons, with latent active lesions, particularly 
if exposed to unfavourable environmental conditions, are sometimes more liable 
to develop clinical manifestations of disease than those who are completely non- 
allergic. In a highly infective environment, however, as in the tuberculosis wards 
of hospitals, the non-allergic are usually at a disadvantage. The relationship 
between allergy and the liability to develop tuberculosis is complex, and depends 
on a number of factors, of which the state of the lesions, the risk of exposure to 
infection, and the environmental conditions are probably among the most important 
(for general discussion on relation of allergy to immunity see Chapter 51). 

Our knowledge of immunity to tuberculosis is very deficient. There is evidence 
to suggest that genetic resistance plays as important a part as the development 
of acquired immunity. Neith,er type is absolute ; both are subject to fluctuations ; 
and acquired immunit7, in particular, rarely seems to be of a high order or of long 
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duration. The logical development of these conclusions will be dealt with in the 
next section. 

THE PROPHYLAXIS AND TREATMENT OP TUBERCULOSIS 

Prevention of Infection. — General hygienic measures include the prevention of 
spitting, except into a suitable receptacle, which can be sterilized or burnt ; the 
prevention of coughing, except into a handkerchief ; the segregation of advanced 
cases of open tuberculosis ; the prevention of overcrowding ; the protection of 
infants and children from contact with tuberculous parents ; the pasteurization 
or boiling of all milk except that coming from tubercle-free herds ; and education 
in personal hygiene and in diet (see Discussion 1935, Hart 1937). Whether the risk 
of infection indoors can be reduced by ultra-violet irradiation of the atmosphere, 
it is as yet too early to say ; but Lurie (194:4a), working with rabbits, has reported 
some success by this means. 

In view of the conclusions reached in the last section we believe that avoidance 
of exposure to massive and repeated infection and unfavourable environmental 
conditions is of greater importance than the attempt to develop an acquired im- 
munity. There has in the past been a great tendency to overlook the fact that 
tuberculosis is an infectious disease. Little or no attempt has been made to protect 
nurses, medical students, and doctors against the unduly high risk of infection that 
practice of their profession entails, with the result that the incidence of tuberculosis 
has been unnecessarily high among these classes of the population. Again, too 
rigid an interpretation of Koch’s phenomenon has led to the conclusion that tuber- 
culous patients cannot be re-infected, regardless of the possible danger that a highly 
allergic patient may incur from an acute local inflammatory disturbance of a pul- 
monary focus resulting from re-infection. Exposure to any disease, even those 
in which recovery is followed by a high degree of immunity, is always accompanied 
by danger, and is not justified except in such an instance as measles in which an 
attenuated attack can be ensured by appropriate serum treatment. The avoidance 
of unnecessary exposure to infection is particularly desirable in the case that we are 
now considering, where infection never seems to be followed by a high degree of 
immunity, and is sometimes followed by clinical disease from which complete 
recovery is uncommon. 

The argument is sometimes advanced that tuberculous milk is not an unmixed 
evil. The tubercle bacilli that it contains are presumed to cause mild infections in 
infants and children which serve to protect them against subsequent infection with 
the human bacillus. This argument cannot be too strongly condemned. The 
bovine tubercle bacillus is no less virulent than the human (see Griffith 19256), 
and many of the infections to which it gives rise are severe and fatal. The argument 
involves the assumption that the exposed population, as a whole, benefits from 
the development of an acquired inamunity, and ignores altogether the process played 
by natural selection in weeding out the least resistant members of the population. 
Even if it were true, the price to be paid, in terms of lives and suffering, for any 
such advantage is far too high (see p. 1317 and Griffith 19256, Report 1934). If 
acquired immunity is to be developed, let us atleast endeavour to produce it in some 
more intelligent way, less fraught with danger of active disease and death. 

Prophylactic Vaccination against Tuberculosis. — N.urnerous attempts have been 
made to vaccinate animals against tuberculosis. Koch (1897), using tuberculin R., 
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stated that by giving large dosf-s, about 2-Z uigui., Le alJf* r- 
considerable number of guinea-pigs, rba^ tbej 
of virulent tubercle bacilli vitlinur, Leouminij 
have never been satisfactorily contirme^L 

Kocli likewise tested the immuriizing valut*, uf bar;!:: ir. -li'/ate 

mineral acids or strong alkalies ; other workers hit\e ■sst.^jcv !-u;leti them 

to 70° C, ; others have treated theni with ilyr-erine or 25 ler 
Lowenstein used formalin, Loeffler applied dry heat, Rajspiu I -’obiiurn tkioraba 
Xoguchi sodium oleate, Deycke and Mm'h eholirie and nearii.e, but all witb^cjt 
re>iilt. At a Litri dato Diev**!* the ha* hill j,. af.d 

extracted them v ith ac ‘Voni* a- a ^Le h ■'O ♦ ';*» i ,j .a-f i :v' e » \ 

This xeealled do//hgiV \?e-e] 3 i»^ Jia^ b»*»M O/aic: of ’.^hj^* he ij i m a. 
pigs {Bronfeiibrouia-r and btivaib lt* 2 o. Hoiml i-. J. >. ‘-.i VxX ‘ r 

Volhiiii, aud Aiiiiintzboh dhdl/ Lavo 103 ., irt* d hooar.dii*' ‘•e-a m tb-r. a, 

the vaccination of rattle. 

The general outcome (tf most of the-** urtem]jt> La.- 'n**eii ♦ii-appolnting, ana 
Calmette, in particular, hu^ concluded that dead va^^eim*- are u-eK-s for piirpo-es 
of immiiiiizarioi}. How far this < onelu-ion i- iu-titiabh*, it i- didieuit to say. .\bot 
of the earlier worker- were iindonhonily hoping h*r rla* prt»diiition of an immunity 
similar to tliat obtainable in certain other diseams. Tin* kiauviedg** that we h.ue 
since gained shows that such a Inspe wa-^ unduly op^inii-tie. Re. -out experimenr-, 
made mostly on gumea-[ags vith heat-kiiied hacilli, suggest \ery -trongiy xluf 
vaccination with dead organisms does lead to a dediiite* inorea-e iii fli«* resistanrf* 
of the animals to infection, as judged by coinpuriMU^ f»f mortality, awrage >iir\lvai 
time, and certain other criteria, with those in control unvaccinated aniinai- fPetroif 
1927, Petroff, Branch, and Jennings 1929, Freund 1932, Hughes 1933, Westenrijk 
1933, Branch and Enders 1935, Schwabacher and Wilson 1937, Opie and Freund 
1937, Griffith and Glover 1939, Opie, Flahiffi and Smith 1939, Smithbuni 1939, 
Wells, FlaMff and Smith 1944), but this increase of resistance falls far short of 
absolute immunity. 

An attempt to improve the antigenic quality of tht* vaccine has been made by Spah- 
linger (1932), who grows the bacilli on media containing proteins s]>eeifii‘ to the type of 
animal to be vaccinated, and allows them to die out naturally during a period of some 
months. Adequately controlled experiments with this vaccine have not ^et been made, 
but there is evidence to suggest that it may have some action hi raising the resistance 
of animals to infection (Report 1935a). The use of living \'iru!eiit bacilli for vaccination 
was tried on a small scale by Webb and Williams (1911) (see also Baldwin and Gardner 
1921), but 'was given up as being too dangerous. 

Vaccination with the B.C.G. Strain. — Believing that dead tubercle bacilli are 
useless for purposes of immunization, and that acquired immuiiity depends upon the 
persistence in the body of living bacilli, Calmette introduced a living vaccine consist- 
ing of a bovine strain that had become avirulent as the result of several years* 
subculture on a glycerol bile potato medium. This B.C.G. (Baeille Caimette- 
Guerin) strain can be injected into animals without giving rise to more than a small 
retrogressive local lesion, and its presence in the body usually renders the animal 
sensitive to tuberculin. According to Calmette, calves and hellers vaccinated with 
50 mgm. subcutaneously become resistant to tuberculosis, and during the following 
year are able to withstand an intravenous injection of 5 mgm. of living virulent 
tubercle bacilli, sufficient to kill unvaccinated animals in 2 months. 
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The success of his laboratory experiments led Calmette to the vaccination of 
human subjects. In order to forestall natural infection, he considered it important 
to vaccinate infants directly after birth. For this purpose he recommended 3 
doses, each of 10 mgm., to be given by the mouth on alternate days during the 
first 10 days of life. Moreover, in order to prevent infection before immunity had 
become established, he recommended that the infant should be removed from all 
sources of infection for 2 months after vaccination. 

This vaccine has now been tried out on an extensive scale with results that are 
extremely difiicult to assess. The great difficulty is that, with one or two exceptions 
to be mentioned later, there has been a general failure to realize the necessity of 
comparing the vaccinated infants with a control group belonging to the same social 
class, brought up in the same environment, and treated in exactly the same way as 
the vaccinated group. The usual practice has been to compare the tuberculosis 
or general mortality in the vaccinated infants with the estimated mortality for non- 
vaccinated infants in similar surroundings or in the country as a whole. Such 
comparisons, as Greenwood (1928), Rosenfeld (1928), Wolff (1930a, h), and Berghaus 
(1930, 1931) have pointed out, are grossly unfair. In the first place no exact 
figures exist for the mortality in un vaccinated infants brought up in a tuberculous 
environment, and the estimates that have been made differ enormously. In the 
second place, the unvaccinated infants are not strictly comparable with the vaccin- 
ated group, partly because they are not kept sheltered from infection during the 
first 2 months of life, and partly because they receive less parental, medical, and 
nursing attention than those infants which, after vaccination, are kept under more 
or less continuous observation. For these reasons, the reproduction, even if it were 
possible, of the immense pile of data that has accumulated on this subject in France 
and French-speaking countries, would serve no useful purpose, since from a 
statistical point of view it is practically worthless. 

The realization of these fallacies has now led to the institution by other workers 
of a few experiments in which an attempt has been made to provide a control group 
with which the vaccinated group can be more strictly compared. It must be 
noted that the difficulties of obtaining an absolutely identical control group are 
almost insuperable, and some allowance has therefore got to be made when consid- 
ering the results. We have already (p. 1331) drawn attention to the favourable 
results recorded by Heimbeck following the vaccination of von Pirquet-negative 
probationer nurses with B.C.G. Similar results have also been obtained by Scheel 
(1935) with medical students. We may now briefly consider the data collected by 
other workers on the vaccination of infants. 

Park, Kereszturi, and Mishulow (1933) in New York vaccinated infants born into 
tuberculous families with B.O.G., the vaccine being given by the mouth during the first 
10 days of life. A control group of infants was left unvaccinated. The two groups were 
not strictly comparable, (1) because the vaccinated infants were removed from their 
parents for 1 month after immunization, while the control infants were left at home ; 
and (2) because the control infants were rather more heavily exposed to tuberculous infec- 
tion than the vaccinated group. Some of the infants were kept under observation for 
5 years, but with most of them the observational period was shorter. Altogether 3 out 
of 239 vaccinated, and 7 out of 189 control infants died of tuberculosis. The non-tuber- 
culous mortality, on the other hand, was considerably higher in the vaccinated than in the 
control group — ^in contradiction of Calmette’s assertion that B.C.G. vaccination lowers 
both the tuberculosis and the general mortality. Another series of children from tuber- 
culous families was vaccinated parenterally — ^the vaccine being given intracutaneously 
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or subcutaneously some time after birth. All the vaccinated children nejiativelv 

to tuberculin before immunization. Of the control children, some had a p<j>-sit3V0 and sonic 
had a negative reaction. During the observational period iKuie of the 1,3d vac'clriated 
children died of tuberculosis. Of the 155 control children with an irAti.Aly yNitlve 
toux reaction 5 died of tuberculosis, while of 269 control children uitli an iriitialh, native 
reaction 4 died of tuberculosis. admitting that the differeri'.vs are rcit '•ijziiiieant, 

the authors conclude that B.C.G. vaccination apparently confers some m#M'-dre uf 
tion against tuberculosis in early hfe. A further report was puhli-lKd hr K^re-zrur: and 
Park in 1936. The tuberculosis mortality among 690 vaccinated children wii< < ♦ 9 cfmt. 
against one of 2-7 per cent, among 755 control children. The odds ajaiii^t an r/f.'^errt'd 
difference of this magnitude being due to chance alone were estimated at mop* thin 
100 to 1. 

A similar experiment has been reported by Aronson and Darmenberg 11935.1, in wid^'L 
both white and coloured infants were observed. No data, however, are provided to 
indicate how the children wmre selected, or what degree of simiLirity existed between the 
control and the vaccinated groups. The vaccinated infants were given B.C.O. I^y the month 
during the first 10 days of life. Observations on the infants were made as far as po.>5sib!e 
at 3-monthly intervals during the first year, and at 6-inonthly intervals subsequently. 
The results are summarized in Table 106. 


TABLE 106 

Deaths ebom Tubeboulosis in Children Vaccinated with B.C.G. and in a Cc»NTKeL ^ 

(Aronson and Dannenberg 1935.) 




Vaccinated Group. 


Control Group. 

Type of ExposTire. 

Xo. 

, Mean Age at 

I Time of Last 
i Observation in 

1 Months. 

Deaths 

from 

Tuber- 

culosis. 

Xo. 

Mean A?:e at' 
Time of Last 
Observation 
m Months. 

Deaths i 
from 
Tuber- ' 
culosis. 

Exposed to contact with tuberculous 
patients having a positive sputum 

41 

31-4 

: 1 

84 

40 

10 ’ 

Exposed to contact with tuberculous 
patients having a negative sputum; 

15 

i — — 

1 28-3 

0 

45 

39*3 

1 

2 

Not exposed to known contact with 
tuberculous patients .... 

14 

i 

0 

38 

I 

1 

0 


The numbers are few, and it will be observed that the mean age at the time of 
last“observation was higher in the control than in the vaccinated group. Since tuberculous 
mortality is higher in the second than in the first year of life, this may obviously have 
affected the control group unfavourably. The results, how^ever, do suggest that B.C.G. 
vaccination tends to confer some protection against the risk of death from tuberculosis 
during the first year or two of life. Radiographical observations, moreover, showed that 
whereas only 16-6 per cent, of 36 vaccinated children in the first group had lesions in the 
lungs, 56-6 per cent, of 83 control children in the same group showed pulmonary lesions. 

Neither of these investigations yielded very striking results, but both of them 
afford some evidence that B.C.G. vaccination may bring about a slight increase 
in resistance to tuberculosis. How far even this conclusion is justifiable, however, 
may be questioned. Levine, Vogel and Rosenberg (1938), for example, report 
the results of a study of 1,830 children of tuberculous families in New York City. 
Between 1926 and 1932 the children were divided into two equal groups, one of 
which was vaccinated with B.C.G., the other of which was not. The result of 
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tMs was that the children of the more intelligent and co-operative parents tended 
to be vaccinated and those of the careless and less intelligent parents to constitute 
the control group. From 1933 onwards, therefore, the children were vaccinated 
alternately without any selection whatever. The results are shown in Table 107. 

TABLE 107 

Results of B.C.G. Vacctitation before and after Alternate Selection of Control 

AND Vaccinated Cases. 

(Levine, Vogel and Rosenberg 1938). 


Period. 

Alternate 

Selection. 

No. 

Vaccinated Group. 

Control Group. 

1 Tuberculosis 
Deaths. 

Tuberculosis 

Mortality. 

% 

No. 

Tuberculosis 

Deaths 

Tuberculosis 

Mortality. 

% 

1926-32. 

No 

439 

3 

0-7 

527 

16 

3-0 

1933-36. 

Yes 

383 

6 

1*6 

361 

4 

M 

„ 

1 

___ _ 

' 

! 

— 

— — . 

- _____ 


In the first period the tuberculosis mortality of the controls was over 4 times 
that of the vaccinated children. In the second period no such difference was 
apparent. The authors draw attention to the necessity in carrying out comparative 
trials of this nature of selecting alternate children for vaccination, of studying 
the degree of exposure of each child to infection, and of carr 5 dng out an autopsy 
on every child that dies to learn the true cause of death. Without such precautions 
the results are liable to be misleading. 

Even if we admitted the beneficial effect of E.C.G. vaccination, which we are 
not prepared to do, we should still have to decide what value it was likely to be 
in practice. Tuberculosis mortality has been falling so rapidly, particularly in 
the lowest age groups, that in this country it ’is now of very much less importance 
than it used to be. In 1937, for example, only 1*1 per cent, of the total infantile 
mortality was due to tuberculosis, and the chances against dpng from tuberculosis 
during the first year of life were about 1,500 to 1. In face of such a slight risk, 
general vaccination of all infants with B.C.G. is out of the question. If vaccination 
is to be employed, it will have to be restricted to infants who are born into tuber- 
culous families, and possibly to other classes of the population, such as nurses 
and medical students, who are exposed to a special risk of infection. The evidence, 
particularly of Scandinavian and American workers, suggests that vaccination is 
more effective if performed by the intracutaneous or subcutaneous than by the 
oral route, and that the degree of allergy resulting is higher. Parenteral vaccina- 
tion is, however, not without its disadvantages. A cold abscess forms, which 
persists for months, and may sometimes break down and ulcerate through the 
sMn. How long increased resistance is likely to last it is impossible to say, but 
Calmette himself advised re-vaccination at 3, 7 and 15 years of age. If re- vaccina- 
tion is not performed, the immunity — ^if any — resulting from the primary vaccination 
will presumably wear off in a year or two. If, on the other hand, it is performed, 
there is a danger of setting up in a tuberculin-positive patient an. acute allergic 
reaction, which may have serious results. 

We may add that there is no evidence to prove that organisms of the B.C.G. 
strain may regain their virulence by residence in the body. The virulence of the 
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strain seems to be actually faliins, and it i'- donbtt'u! how long if vviil n-taiii its 
protective properties. The Lubeck catastrophe, in wliic-h 72 nut of 2.ol v.u-.'inat.‘d 
infants died of tuberculosis {.see Report Ih-T'd/i, w.n- almo't c-rtairJv dif to the 
contamination of the vaccine with another .strain of tuhcnlc .V’lijna! 

experiments, with the exception of those on cattle (.see p. ISt"), have .»u the whole 
not given a very convincing answer to the prophylactic value of B. va<'rkiatitjn« 
Observations on guinea-pigs and mice have shown that B.C.G. var'cinatiun r.as 
some beneficial effect, mainly in retarding the development of tubercle bacilli in 
the body and thus favouring the occurrence of a niore chronic type of dkea-e 
(Okeli and Parish 1928, Schwabacher and Wilson 1937, 1938, (Triffitii and Glover 
1939, Liebow, Burn and Soper 194.0). 

A few of the papers in the enormous bibliography that ha-, now ari.-en on tliia 
subject may be quoted (see Calmette 1924, 1930, 1931, 1932, Calmette JUid iiuiniii 
1924, Calmette et al. 1924, 1926, Weil-Halle and Turpin 192b, Wilb^^'-rt 192 Gaiiiiia 
and Giordano 1926, Heymans 1926, Tsekhnovitzer 1926, Gerlacli 1927. Kraus 
1927, Petroff et al. 1927, 1929, Geriach and Kraus 1929, Kraus and Gerlaeli 1929, 
Debre and Cofino 1929, Geriach 1930, Beghie 1930, 1931, Xeuicld 1930, llslen- 
huth and Seiffert 1930, Griffith 1931, Birkhaug 1933, Clawson 1933, Meiszner and 
Prausnitz 1934, Irvine 1934, Shaffer 1935, Xaeslund 1935, Besta and Leuiieberg 
1935, Eist 1936, Kayne 1936, Holmgren 1936, Jones(*o-Miliaie»ti et al 1938, 
Kostic- Jocksic 1939, Baudouin 1940, Cantonuet 1942, Etcheverry 1942). 

Vaccination with the Vole bacillus, — It is too early to decide whetlit-r t^accinas 
tion with bacilli of the murine type isolated by A. Q. Wells (1937) from tuherculou- 
voles will play a part in vaccination of human beings against tuberculosis. The 
preliminary observations of Wells and Brooke (1940) on guinea-pigs and of Griffith 
and Hailing (1940) on guinea-pigs and calves suggest that it is capable of giving 
rise to a greater degree of immunity than the B.C.G. strain. The results of further 
tests will be eagerly awaited. 

Therapeutic Immimization against Taberculosis. — The introduction of tuber- 
culin by Koch in 1890 was the first of a long series of attempts to cure tuberculosis 
by the use of vaccines of tubercle bacilli or their products. Koch’s old tubercuhn, 
which has already been described (p. 1327), gave rise to such severe reactions — 
both focal and constitutional — that it was for a time practically abandoned. It 
is now used chiefly for stimulating chronic cases of tuberculosis that have passed 
into a torpid state, in which neither advance of the disease nor progress towards 
recovery is occurring (Burnand et al 1922). Extremely small doses are employed. 
Jaquerod (see Burnand et al. 1922) starts with 0*1 ml. of a 1/100,000 dilution of 
old tuberculin ; he repeats the injection every 2 days, increasing the dose by 
1/10 ml., provided the reaction is not too severe. After about 5 months the 
patient is able to withstand 0*5 ml. of the undiluted tuberculin ; this dose is 
repeated 3 or 4 times, after which the treatment is finished. The fundamental 
rule of all tuberculin treatment is never to provoke a febrile reaction of any 
importance. 

Starting from the observation that patients suffering from Inpus seldom contract 
serious lung disease, von Aichbergen (1937) recommends the artificial production of lupus 
for the treatment of severe pulmonary tuberculosis. Virulent tubercle bacilli are rubbed 
on the scarified skin of the patient, and the inoculations are repeated as often as necessary. 
Lupoid or verrucous lesions appear and remain localized. Xo focal reactions have been 
observed in the lungs. Favourable results are claimed for this method of treatment. 
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Chemotlierapy o! Tuberculosis. 

Eicli and Follis (1938) and Buttle and Parisli (1938) reported the results of 
experiments on guinea-pigs suggesting that sulphanilamide had a mildly favourable 
effect on the course of the disease ; but Smithburn (1938) and Steinbach and 
Billon (1939) working with sulphanilamide, and Bietrich (1938) working with 
prontosil, found no beneficial effect at all. 

More recently Bromin (sodium p. p'-diaminodiphenylsulphone-N, N'-diglucose 
sulphonate) has - come under trial. Observations on guinea-pigs recorded by 
Hinshaw and Feldman (1941) and Feldman, Mann and Hinshaw (1942) seem to 
show that it is of therapeutic value, but the results so far obtained by its use in 
man have not been promising (Zucker, Pinner and Hyman 1942). 


TUBERCULOSIS IN ANIMALS 

Frequency and Bacteriology. — Tuberculosis is widespread throughout the animal 
kingdom. It is common among certain species of domesticated animals, and 
though rarely encountered in wild animals hving under feral conditions, it is not 
infrequent among them when they are brought into captivity (see Griffith 1928a, 6, 
1939, Scott 1928, Scott and Beattie 1928). Cattle, pigs, and fowls are the most 
frequently affected of stock animals. According to Myers (1940) tuberculosis in 
fowls is more common than is generally supposed. Bogs and cats suffer not infre- 
quently (see Hjarre and Herlitz 1936, Hjarre 1939), horses occasionally, and sheep 
apparently seldom. 

Bacteriologically, human, bovine, and avian types are found with varying 
degrees of frequency (see Table 108 which has been compiled from the results 
of A. S. Griffith 1924, 1925a, 1926, 1928a, h, Stableforth 1929, Cornell and A. S. 
Griffith, 1930, Lovell 1930, Lovell and White 1940, 1941, Schwabacher 1934, and 
Hjarre 1939, together with some of our own results). 

Cattle are almost invariably infected with the bovine type, usually from other 
animals, but occasionally from a tuberculous attendant (Bang and Jepsen 1936, 
Nielsen and Plum 1940, Hedvall 1942). The avian bacillus may give rise to local- 
ized lesions, particularly in calves (see Minett 1932, Gloyne 1933, Glover and 
Griffith 1934-35) ; it has been isolated from the sputum, milk, intestine, and 
mesenteric glands (Wolters 1931, Glover and Griffith 1934-35, Glover 1941). Pigs 
suffer from generalized and from localized infection with the bovine, and from 
localized infection with the avian and much less often the human type. Nearly 
all strains isolated from the horse have been of bovine type ; but they are often 
atypical and of less than standard virulence for calves and rabbits (Griffith 19376). 
In the dog the human type seems to be commoner than the bovine (see LoveU and 
White 1940) ; but all strains from the cat have proved so far to be of bovine type. 
Sheep may be infected with the bovine or avian type ; in the United States Harsh- 
field, Eoderick and Hawn (1937) foxmd the avian type in 25 out of 26 cases. Parrots 
kept as pets are usually infected with the human type, but those living in aviaries 
with other birds may be infected with the avian type (see Cobbett 1917). Fowls 
and most other birds are infected almost exclusively with the avian type of bacillus. 

Tuberculosis of Cattle. — Tuberculosis is one of the most serious diseases of cattle. 
In this country it is extremely common. As already mentioned, about 40 per cent, 
of cattle react to the tuberculin test, about 40 per cent, of animals slaughtered in 
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TABLE lOS 

Types oe Tubercle Bacilli bound in Cektain JioMLSTic'AT£r> \nd Will Amiials 

(Mainly English. Xiiv( stigatioiis.) 


; Tspie « i i-. 

Species of Animal. Xo, of Cases. 


Anthropoid Apes 


— 

1 

6 

liovlllp. 

H’ioan. 

G J 

A\t 4!. 

Lemurs 

.... 




2 



<>> 


Monkeys , 





26 

8 

18 - 


Cattle . 





52 

50 

I 

1 

Horse . 





43 

42 ® 


I 

Sheep , 





17 

14 

I 

2 

Goat , 





13 

IS 




Deer . 




' 

3 

3 



Gnn 





3 

2 

1 


Antelope . 





3 

3 




Pig - . 





258 

183* 

5® 


Cat . 





34 

33^ 

1 


Dog . . 





116 

34 

.h2 



Habbit 





8 

4 



4 

Guinea-pig 





6 

5 

1 


Eerret . 





1 

1 





Parrot 





1 I 



1 



Fowls, and other birds 



* i 

20 

__ 

i 

111 


1 Including 1 strain of sub -standard virulence. 

^ Including 1 dysgonic strain. 

® Including 17 strains of sub-standard virulence. 

^ Including 4 cases in which avian, and 1 case in which human, b£U‘dli were albo present. 
® Iftcluding 1 case in which bovine bacilli were also prebent. 

® Including 4 cases in which bovine bacilli were also present. 

’ Including 1 strain of sub-standard virulence. 


public abattoirs sbow macroscopic lesions of tuberculosis, and about U-5 per cent, 
of all milch cows excrete tubercle bacilli in their milk (Eeport 1932a, 1931, Savage 
1933). The disease is common throughout Europe, but in North America it is 
very much less common. In the United States the proportion of tuberculin- 
positive animals has now been reduced to less than 0*5 per cent, as the result of 
a slaughter policy instituted by the Federal Government in 1917 (Myers 1940). 
In the tropics the disease is more frequent than has been generally supposed 
(Carmichael 1939). 

The incidence of the disease increases with the age of the animal ; it is un- 
common in calves (see Gofton 1937), fairly common in bullocks and heifers, and 
very common in cows — particularly the older animals. Table 109, compiled by 
Belepine (see Cobbett 1917) on the basis of tuberculin tests controlled by post- 
mortem examination, will make this clear. 

The organs most frequently infected in cattle are the lungs, pleura, and thoracic 
lymph glands ; less often the lymph glands and organs of the abdominai cavity. 
Tuberculosis of the udder is frequent, especially in the later stages of the infection. 
According to Vallee (1905), who gives records of over 43,000 tuberculous cattle, 
pulmonary lesions were present in 75 per cent., and hepatic lesions in 28 per cent., 
of all cases of localized tuberculosis ; in generalized tuberculosis the lungs were 
always invaded, and the liver was invaded in 83 per cent, of cases. It is important 
to realize that tuberculous cattle may excrete bacilli in their milk even though no 



ia44 


TUBERCULOSIS 


TABLE 109 

Frequency of Tuberculosis in Cattle classified accordino to Aue. 


Age. 

Number Examined. 

Percentage Tuberculous. 

0-1 years .... 

29 

3-4 

1-2 „ .... 

68 

13*2 

2-3 „ .... 

112 

24-1 

3—5 ,, .... 

51 

23-5 

5-9 „ .... 

94 

48-9 

9-13 „ .... 

25 

76-0 


evidence of disease of the udder, as judged by microscopical examination after death, 
is to he found (Report 1909, Gaiger and Davies 1933). Cattle form the chief source 
of infection for other domesticated animals. 

Diagnosis ol Tuberculosis in Cattle. — The diagnosis of tuberculosis in cattle 
follows much the same lines as that of human tuberculosis. An attempt may be 
made either to demonstrate tubercle bacilli directly in the animal’s secretions or 
excretions, or to arrive at an indirect diagnosis by some form of immunity reaction, 
such as the tuberculin test, which, if positive, may be interpreted as evidence of 
infection. The direct method is restricted largely to the examination of sputum 
and milk. Sputum is not always easy to obtain, but if the cow has a cough, small 
particles of sputum can often be found on the wall of the byre opposite the animal’s 
head (Riddoch 1903). 

Demonstration of Tubercle Bacilli in Milk. — Microscopical, cultural, serological, 
and animal inoculation tests are available, the last method being the commonest 
and most delicate. 

Microscopical examination is of value mainly for the milk of individual cows 
suspected of suffering from udder tuberculosis. 

The most satisfactory method is to draw off quarter samples from the udder, and to 
spin each sample separately a short time at low speed, to spread a film on a slide, to fix 
and de-fat with a combination of heat, alcohol and ether, and to stain with carhol-fuchsin 
(see Cowan and Haddocks 1935). The work of Torrance (1922, 1927), Matthews (1931), 
and Davies (1933) has shown that tubercle baciUi in milk are generally associated with 
the presence of characteristic endothelial cell clumps. It is therefore only necessary to 
examine the film with a low power for the presence of these clumps, and to reserve the oil- 
immersion lens for films in which these clumps are present. The clumps themselves are 
not diagnostic of tuberculosis, but they afford a good indication of the locality of the 
tubercle bacilli in the film. It would appear that about 50 per cent, or so of milks from 
individual cows shown to contain tubercle baciUi by guinea-pig inoculation can be detected 
by the microscopic method (Cowan and Haddocks 1935). 

Cultimtion is not often used as a routine, since it is less dehcate than the guinea- 
pig method and not as rapid as the microscopic method. It is suitable mainly for 
the milk of individnal cows collected under aseptic conditions. 

The sediment resulting jffom high-speed centrifugation should be treated with an equal 
volume of 15 per cent. HCl for 10-15 minutes, and inoculated on to suitable media (see 
Wolters and Dehmel 1931). 

The main value of the method seems to be in the occasional detection of the 
avian tubercle bacillus, which might be missed by the animal inoculation method. 
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Serological methods are still in the exjieriLSieoml tleroirni ;v.jrb‘r- li.ive 

reported favourably on the value uf < arri-ti a.ur on 

milk whey in the diagnosis of udder tuheniutj-]- r.-ae Kur-tr!: I9.>i 1935, dontu^en 
and Menck 1933, Eautmann 1931, Raiitinann and flarrwiirk 193 b dcinntz H»35, 
Paarmann 1936, KuMmann 1936), but there little evi3*ejef^ that 

furnish a reliable index of the infection of the milk. 

Guinea-pig inoculaiiott constitutes the inoi-t generahv and inu-t delicate 

method of detecting tubercle bacilli in milk. 

About 50—100 ml. of milk, either mixed or from individiiai .‘tmaicih'. ‘ind !«• <i'» ritri- 
fuged at 3,000 r.p.m. for 30 minutes, after removal of the uravity rn-iui. Th“ 
and the cream should be mixed, and 3 nil. of the mixture ^liouid''bo intnm ;e- 

larly into the left thigh of each of two animals, which should |irevion>iy iiave >h.i -wsi 
to be free from tuberculosis by means of the intraderrnal tiiberciiliii ttv-t. file- animal 
should be killed 3-4 weeks after inoculation ; if the re.^ults are ne,iativv, the oth^T animal 
should be left for 6-8 weeks. The post-mortem appearances ot' animals inociiiatr'i with 
tubercle bacilli have already been referred to (p. 1325), and it nerd onlv' mentioned 
here that no animal should be regarded as tubereulrus unless eharaeteristi^- rnii- 

taining acid-fast bacilli are demonstrated. 

The Tuberculin Test in the Diagnosis of Cattle Tuberculosis. — This may be 

carried out in a number of different ways, hut eacli method coii^ists iii iiuti.ng a 
reaction, local or constitutional, to the injectiuu of tuberculin. In this country the 
double intradermal test is generally used, but in the United States the single intra- 
dermai test, made by inoculating tuberculin into the skin of the caudal fold, is 
officially recommended. For the full technique of the double iiitruderiiial test the 
following references may be consulted (Eeport 1925, Buxton and MacXalty l92t^). 

Briefly the test consists in injecting 0*1 ml. of old tuberculin into the deeper layers 
of the dermis of a shaved area on the side of the neck. The animal is examined 48 hours 
later, and if a large diffuse cedematous swelling is found, hot and tender, tiie reaction is 
regarded as positive. If no more than a pea -like swelling is present, a second injection of 
OT ml. should be made into the centre of the nodule, and the aniiiml should be inspected 
after a further 24 hours. The true criteria of a positive reaction are swelling, heat, and 
tenderness, and as these are liable to variation, the interpretatiorii of the test demands 
considerable experience. 

A positive tuberculin reaction generally denotes that the animal contains a 
tuberculous focus somewhere in the body. It gives no information on the activity 
of the focus. The test is used mainly to determine whether the animal is wfected, 
not whether it is infective. A negative reaction, while not absolutely excluding 
the presence of infection, is strong evidence against it. The test has been severely 
criticized by a number of workers, and there is no question that it is not entirely 
satisfactory. The presence of infection with avian tubercle bacilli, which appears 
to be not uncommon, is sufficient to give rise to a positive reaction, even though 
avian bacilli rarely cause more than a localized, retrogressive type of tuberculosis. 
Similarly, a reaction may sometimes be obtained in animals showing skin infil- 
trations and nodules due to an acid-fast bacillus different from the tubercle bacillus ; 
this condition has been described in the United States (see Daines and Austin 
1934) and in Great Britain by Robertson and Hole (1937). The test, it will be 
understood, is not absolutely specific for tuberculosis, and is often given by animals 
containing insignificant foci of disease. Border-line reactions are not infrequent ; 
possibly the replacement of old tuberculin with a purer type of tuberculin may 
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diminish the difficulty caused by non-specific reactions (Montgomerie and Thomson 
1939). In careful hands, however, it is of very real value, and is indispensable 
in the detection of tuberculous infection (see Teipel 1925, Ernest and Lash 1928, 
Haring and Traum 1929, Hastings et al. 1930, 1933, Mohler 1931, Fowler and 
Wright 1931, Glover 1932-33, Buxton and Glover 1932-33, Minett 1932, McEwen 
and Roberts 1934, Cabot 1938, Montgomerie and Thomson 1938, Parish 1938, 
Buxton and Glover 1939). 

Control oi Tuberculosis in Cattle. — Opinions on the measures to be taken to 
control tuberculosis in cattle are very divided. In this country (see also p. 2050) 
and in Germany the practice has been to rely mainly on the detection of tuber- 
culous animals by clinical inspection, combined with bacteriological examination 
of the milk, and to remove all open cases of disease. Though this method may, 
if prosecuted with real thoroughness, bring about a diminution in the total number 
of animals suffering from open tuberculosis, it probably has little or no effect on 
the total incidence of infection. The reason for this, of course, is that by the 
time a tuberculous animal has been diagnosed by the methods just described, it 
has already been excreting tubercle bacilli for some time and has acted as a focus 
of infection for other animals in the herd. In Germany and Switzerland the 
similar but more thorough method of von Ostertag (1913, 1936) has been used ; 
this makes use of bacteriological examination for the detection of animals showing 
no clinical evidence of tuberculosis. The method claims not to eradicate the 
disease, but to pave the way for the slaughter policy based on the tuberculin test 
(see Brook 1937). 

In the Scandinavian countries, largely owing to the initiative of Bang (see Bang 
1928, 1929, 1930, 1932), and in the United States and Canada, a more radical method 
has been adopted, aiming at the elimination not only of open cases of tuberculosis, 
but of all animals infected with the tubercle bacillus. The general method is to 
test every animal in the herd with tuberculin, to segregate, remove, or slaughter the 
positive reactors, and to build up the herd exclusively from negatively reacting 
animals. The tuberculin test must be repeated at 3- or 6-monthly intervals to 
detect any fresh reactors in the clean herd. This method, if accompanied by 
complete removal or slaughter of the reacting animals, is often highly successful 
in eradicating tuberculosis and in maintaining a tuberculosis-free herd. In the 
United States, for example, the proportion of animals reacting to tuberculin was 
reduced between 1917 and 1940 from an average initial rate of about 4 per cent, 
to one of about 0-5 per cent. (Myers 1940). Where segregation alone is practised, 
and two herds are kept on the same farm (Bang’s method), the results are less 
satisfactory. 

The respective merits of the different methods of controlling tuberculosis in 
cattle cannot be fully discussed here ; opinion is sharply divided upon them. The 
eradication method is undoubtedly much the more effective, and should be recom- 
mended whenever sufficient money is available to meet the cost. The cost, however, 
is a very real consideration, and many agriculturists regard tuberculosis as of 
insufficient economic importance to justify a radical scheme. They would rather 
rely on the rapid detection of open cases of tuberculosis, and the restriction of 
the herd to comparatively young animals, in which the disease is less frequent than 
in the older animals (see Table 109, p. 1344). The question must be decided by the 
agriculturists themselves. From the point of view of human medicine, safeguarding 
of the milk supply is much more satisfactorily effected by pasteurization than by 
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reliance on any eradication sclienie (see Harin-j llcjic ^ -/c IsAj, 

Gunzel 1929, Glover and Spencf-r iDdn, SeirVrie ItOM, f r Il^nh 

Wight 1930, Kiernan and Wight 1930, Jorda!; i93:o. 

Vaccination of Cattle against Tubercniosis. If an ♦end:* '-n a".- 

practicable, it is clearly desirable to aim at dimiminon ivA 

cases of tuberculosis. Besides the measures alreadv dm'U-n i f,>r tb- 
the possibility of vaccinating the animals so to rai'-t* thtdr 'i'‘'Cier<4i c, ^ j <;f 
ance to tuberculous infection has long occupied tlie mind.- of \ i o^Lr-r 

workers. Yon Behrhig introduced the metiiod of varriuating eab. itf. h'ving 
bacilli of the human type. The method was succes-.ful in n'ca-riici the aidmah. 
allergic, and fairly successful in protecting them— for a few nauirh,- at 
natural tuberculosis ; but it had to be discarded, since it was Maur the 

remained alive in the tissues and were excreted by tie milk, wlAAi w is, of <‘oiir>e, 
dangerous for human beings (Eeport. 1911c. Griitltli, A. S., 1912-13, 191b~17;. 
Attempts have been made to vaccinate cattle with avian lanalii. but th^^ re-ult.- 
have not been so successful — probably because avian bacilli do .not -*‘t up the -amp 
focal lesions in cattle that human bacilli do (M’Fadycciii fi nL 1913. Gamna and 
Giordano 1926). Friedmann introduced his turtle bacillus for vanluarioju i;ut 
this organism was found to provide little or no protection for warni-bh u tdedi animab. 

More recently the claims put forward by Cahuetre for ids B.C.G. v.cs ine 
have attracted considerable attention. Many diih^reiit \cct 2 -kers flow carried 
out experiments to test the prophylactic value of thi.s vaeciiic. bince the tec}jnif|ue 
of different workers has varied very considerably, it is iinpossibh! to summarize 
quantitatively the results that have been obtained, and we refer oiir reuder.s 
to the original papers in which they are described (see Wat.soii 192^, 193< K Schroedcr 
and Crawford 1928-29, Eankin 1929, Eaiikin et nl. 1932, Haring A ai. 193^ h Bang. G. 
et al. 1931, Cotton and Crawford 1932, Juiideli and Magnussoii 1933, Buxton and 
Griffith 1931, Griffith, Buxton, and Glover 1931, 1935, Buxton. Glover ami C-ftiffith 
1934-35, Ascoii 1936, Buxton 1936, Buxton et al. 1939b 

The results, however, are sufficiently concordant to justify a few tentative 
general conclusions. There seems to be little doubt that if B.C.G. is given tu 
uninfected calves shortly after birth, preferably by the parenteral roiire, their 
resistance both to experimental and natural infection with the tuherede bacillus is 
definitely increased compared with that of unvaceinated control animals. The 
immunity produced is by no means absolute, and does not seem to be sufficient as 
a rule to prevent actual infection from occurring. It is, however, often sufficient for 
a time to keep the infection from becoming active. There is evidence that the 
immunity resulting from the primary vaccination gradually diminishes with passage 
of time, and wears off to a greater or less extent after 12 months. Re-vaccination 
may partially restore the lost immunity, but there is not yet sufficient evidence to 
justify an opinion on its real value. 

From these results it is clear that vaccination of calves with B.C.G. deserves a 
trial under field conditions. Whether the limited increase in immunity that it is 
likely to produce will be sufficient to bring about any considerable diminution 
in the .number of active cases of tuberculosis among animals that are exposed to 
frequent infection from their fellows, it is impossible to predict, and we must await 
the verdict of actual experience. It is important to realize that B.C.G. vaccination 
renders the animal allergic, so that the tuberculin test can no longer be used to 
indicate the presence of infection with virulent bacilli. B.C.G. vaccination is 
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tlierefore incompatible witb an eradication policy. The promising results obtained 
by Griffith and Bailing (1940) in the vaccination of calves with the vole strain of 
tubercle bacillus have already been referred to (p. 1341). 

Mention may perhaps be made of the Spahlinger vaccine (see p, 1337) which has 
been credited with some success in preliminary experiments in the North of 
Ireland (Report ‘1935a). 

Tuberculosis oi Pigs. — The exact incidence of this disease is unknown, but 
slaughter-house records leave no doubt of its frequency in this country. Ellison 
(1930) found that 12-09 per cent, of 72,350 pigs supplied to a bacon factory at Ipswich 
showed macroscopic lesions of tuberculosis. Other figures showed that 7-6 per cent, 
of 44,000 pigs coining into another bacon factory over a period of 2 years contained 
lesions of tuberculosis (Report 19336). The glands draining the alimentary tract 
are mainly affected, particularly the submaxillary and mesenteric group. In about 
84 per cent, of carcasses in BlUson’s series the lesions were confined to the head and 
neck, and in about 5 per cent, to the plucks or offal or both. In only 0-15 per cent, 
of animals was the disease generalized or advanced. 

The bovine type of tubercle bacillus is found in about two-thirds and the avian 
bacillus in about one-third of the cases ; the human tubercle bacillus is very much 
less common (Griffith, A. S., 1928a, Cornell and Griffith 1930). Submaxillary glands 
infected with avian or human bacilli are often not appreciably enlarged, and contain 
discrete caseo-calcareous tubercles ; those infected with bovine bacilli are generally 
enlarged and composed wholly or in part of caseous or caseo-calcareous material 
surrounded by fibrous tissue. Generalized tuberculosis is almost invariably due 
to the bovine type. 

Pigs become infected from various sources, the chief being raw cow’s milk, 
infected cow dung, slaughter-house offal, and the droppings of tuberculous fowls. 
Infection occurs by the mouth. The disease can be diagnosed during life by the 
intradermal inoculation of tuberculin into the ear, but in most animals infection is 
not diagnosed, and often not even suspected, till they come to the abattoir. Pre- 
vention consists in avoiding contamination of the food with tubercle bacilli ; boiling 
all food, including milk, that may possibly be infected ; and keeping the animals 
separate from tuberculous cattle and poultry (see Mohler and Washburn 1930), In 
the United States an active campaign based on the tuberculin test is now being 
waged against the disease (Myers 1940). 

Tuberculosis in Fowls. — Comparatively little is known of the frequency with 
which tuberculosis attacks fowls in this country. It is met with in farmyard birds, 
but is uncommon on poultry farms. In Germany, however, Klimmer (quoted by 
Knorr 1932) stated that of 75 million hens, 7| million were tuberculous, and that 
3 per cent, of market eggs, and 10 per cent, of eggs from tuberculous hens, contained 
tubercle bacilli. In the United States a survey of 115,700 flocks of poultry in 40 
States revealed the presence of tuberculosis in 6,690 (5-8 per cent.) ; the actual 
number of fowls affected was estimated at over 8 million (Mohler and Washburn 
1930). The highest incidence of infection occurs in the north central states. 
Disease is much commoner in old birds than in young (Feldman 1938). The 
organs most frequently affected are the Hver, spleen, intestines, lungs, <. bones, 
joints, peritoneum, kidneys, and ovary (Gallagher 1926). The disease can be 
diagnosed by the intradermal tuberculin test using avian tuberculin. The slaughter 
policy seems to be the most suitable method of dealing with the disease when it 
is extensive, but an eradication plan based on the use of tuberculin may be tried 
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if tli6 disease is less extensive or the birds valnabie. fF'ur a L^rneni! ■^iirvev of 
avian tuberculosis see Qlojne 1933, FeMniar. i93’5/; A, urcini-ras Live 

been reported in bumble-foot of cliickens, hut €*xa'*t n.i,tsire i-^ ’-mkriAwn (see 
Bunyea 1936). 
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CHAPTER 60 


LEPROSY, RAT LEPROSY, AND JOHNE’S DISEASE 

LEPROSY 

History and Epidemiology. — Leprosy is a disease of great antiquity ; when or 
where it originated is not known, but according to Rogers and Muir (1925) it is 
probable that the original focus was in the northern belt of Central Africa. The 
disease was described in Asia Minor about 345 b.c. ; thence it spread gradually 
westwards, till in the Middle Ages practically every country in Europe was 
afiected. During the fourteenth and fifteenth centuries leprosy in Europe declined 
rapidly ; about the same time, however, it was carried to the Western Hemisphere. 
During the last 70 years the disease has appeared in Oceania, where it has spread 
widely ; in Hawaii, for example, it was estimated in 1909 that 1 in every 40 
natives was a leper (Brinckerhofi and Moore 1909). 

At the present time the highest incidence of the disease is confined to tropical 
countries, particularly (1) Equatorial Africa ; (2) the long belt stretching from 
Assam and Burma, through the Malay States and Indo-China to the islands of 
the Pacific ; and (3) the West Indian Islands and the northern part of South 
America. Males appear to be more commonly afiected than females. Infection 
seems to be most frequent in youth and early adult life ; Rogers and Muir (1925) 
state that probably over 50 per cent, of cases are infected before the age of 20. 
The lower social classes are more frequently infected than the higher. The incu- 
bation period may be almost any time, from a few weeks to several years ; the 
commonest period is 2 to 4 years, but it is said that it may extend even to 40 
years. The disease is extremely chronic and may be of lifelong duration ; after 
it has lasted for a variable length of time it may retrogress as the result of a 
naturally acquired immunity; on the other hand, after remaining chronic for 
years, it may take on an acute course. The mortality from the disease itself is 
comparatively low. 

The way in which leprosy is conveyed is uncertain. Most workers are agreed 
that it is infectious, but the manner in which infection is spread is still largely 
a matter of conjecture. Considering the long incubation period of the disease, 
this is not surprising. The restriction of the lesions to the skin suggests 
that the bacilli gain entrance through cuts, abrasions, and fissures, but it is 
possible that the nasal mucosa may be primarily infected. Lepers sufiering from 
the tubercular form are very much more infective than those sufiering from the 
ansesthetic form ; this is because lepra bacilli are numerous in the nodules of the 
skin, but are uncommon in the anaesthetic patches. Blood-sucking flies and other 
insects have been suspected as carriers of infection, but no convincing evidence 
against them has been brought forward. On the whole the infectivity of the disease 
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is low ; close and long-standing contact with lepers has c^cn^raliv to Le inairitaineii 
before infection is contracted. 

The bacteriology of the disease has alnsuly ;n 

Experimental Reproduction o! the Disease in AnimaLs.-— A few workers ciaiin 
to have reproduced leprosy in monkeys. 

NicoUe in 1905 inoculated two bonnet iiioiijve\b ^ubcutaneMndy in of the [♦•ft 

ear with ground-up tissue from a patient with generalized nodaiur wice.^y. A -itil- 
appeared 62 days later at the site of moeuiation, and a mrtmVfit af^-r it- umn ar/tne<- 
it w^as partly excised; histologically it consisted of sevt-rai op of 

lymphocytes and mononuclears ; there were no giant cells and no ea-eatfri ; baeihi 

were present in moderate numbers, almost cxelushely wit Inn the hir>. ulitie.Li 

by scarification of the skin, or by rubbing (jn to the ua>dl and e^'iijora tival nnico^a, 
without effect. More recently, Reenstierna (i92f‘fj inoculated two monkey^ [Mncac^K^ 
sinicus and M. rhesus) wdth a suspension of ground-up lepnuisata from two nnireated 
patients wdth generalized nodular leprosy ; the inocuiatioiis were made in the -a]>raorbltal 
and malar regions of both sides of the face, into both no.-trils, and in the pubic region. 
On the 39th dajy a small, round, hard nodule wns visible ovfU’ the riuiit nsaLir bone ; -Imilar 
swellings appeared later over the other site< of ino<'iiiatioii. with the exet*ption ot the 
nasal mucosa, which remained intact. The noduh*s increased till the Tuih day. when they 
varied in size from a small pea to a nut. Pieces were excised from .-omr* cjf tla^se and 
injected into guinea-pigs and monkeys; both sets of aiiimaLs ivinained well, ^licne 
scopicaUy, the nodules consisted of granulation tissue with large najiionuelear cells, often 
vacuolated, containing leprosy bacilli. Shortly after excision o! tiie nodult\s, th<- remain- 
ing lesions began to decrease in size ; ultimately they disappeared. Similar results were 
obtained with 6 other monkeys. The nodules appeared in 5 to 8 v eeks, sonn times reached 
the size of a small plum, and disappeared as a rule iii 0 to 10 weeks. Pa^s^ige experiment.N 
were unsuccessful. Soule and McKinley’ (1932) likewise found that Alacacus ^kisus and 
Cebus olivaceus monkey’s, inoculated intraderma liy’ over the ey’ebrow, developed linn, 
hard, nodular sw^ellings in 18-20 days, which increased gradually in size for 10-14 day,-., 
then retrogressed, and disappeared entirely’ within another 3 or 4 weeks. The injection 
of pure cultures, made according to their technique, also resulted quite frequently in the 
production of transient nodular lesions (see also !MeKinley’ 1934). 

There appears to be little doubt from these experiments that a localized form 
of leprosy can be conveyed to monkeys by inoculation of leprous material ; but 
the disease is transient and rapidly cures itself. 

More recent observations suggest that some cases at least of human leprosy 
are caused by the rat leprosy bacillus. In 1922 Marchoux (1922, 193S) reported 
the production of a disease in rats, indistinguishable from rat leprosy, following 
the injection of a splenic suspension containing abundant acid-fast bacilli from 
a young Haitian who died from a disease diagnosed as leprosy. Little attention 
was paid to this finding until Adler (1937) in Palestine, following up the observa- 
tion of Balfour-Jones (1937) (see also Laidlaw 1937) that rat leprosy could be con- 
veyed to the Syrian hamster {Cricetus auratus), described the successful transmission 
of infection to three of these animals by the inoculation of material from leprosy 
in man. The following year Burnet (1938a, b) recorded the production of leprosy 
in 1 out of 6 hamsters inoculated with human material; and in 1939 Burnet 
and Jadfard reported one further successful inoculation. Dubois and Gavrilov 
(1943) inoculated 16 hamsters with material from 12 cases of leprosy ; one of 
these animals developed rat leprosy. The interpretation of these findings is still 
not clear. Until further work has been carried out, and until the frequency of 
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natural infection of tlie Syrian hamster with the rat leprosy bacillus has been 
ascertained, it would be rash to do more than suggest that this organism may be 
responsible for occasional cases in man. 

Diagnosis. — In the tubercular form, a piece of skin over one of the nodules 
should be examined microscopically for leprosy bacilli (Fig. 280). With a sharp pair 
of scissors curved on the fiat, a piece of skin 3 mm. long and 2 mm. deep is clipped 
off the surface. The corium is pressed downwards on to a clean new slide, and 
a film preparation made, and stained with Ziehl-Neelsen (Rogers and Muir 1925) ; 
or the skin may be fixed, embedded in paraffin, and sections cut in the usual way. 
If acid-fast bacilli cannot be found in the nodules, it is advisable to examine the 
nasal mucosa. The most satisfactory method is to scrape the mucosa gently 
with a blunt scalpel, and make ordinary film preparations. The bacilli can fre- 
quently be demonstrated in this situation in the tubercular form, and may be 
found in some cases of the anaesthetic form of the disease. Sometimes they are 
present in the nasal mucosa before skin nodules have developed ; thus they are 
said to be demonstrable occasionally in apparently healthy contacts. In early 
cases of generalized leprosy, the bacilli can often be demonstrated in clippings 
from the lobule of the ear. If there is any doubt as to whether the organisms 
found in the nose or skin are true leprosy bacilh, it is advisable to inject a sus- 
pension of the ground-up material into guinea-pigs ; if they are leprosy bacilli, 
there will be no result ; if on the other hand they are tubercle bacilli, the animals 
will develop the usual form of experimental tuberculosis. 

When the lungs are affected, the sputum may contain lepra bacilli, which 
are most easily distinguished from tubercle bacilli by animal inoculation. 

The complement-fixation test has been employed for the diagnosis of leprosy, 
but it does not appear to be of much value in practice, since a positive reaction 
may be obtained with antigens made from tubercle bacilli (Row 1925-26). 

Lepers frequently give a positive Wassermami reaction ; doubtless this is often due 
to the co-existence of syphilis, but there appears to he little doubt that the Wassermann 

reaction may be positive in leprosy in the 
complete absence of syphilitic infection. In 
countries in which the positive Wassermann 
reaction rate varies from 7 to 20 per cent, 
amongst the general population, many 
observers have found that the rate amongst 
lepers varies from 15 to 95 per cent. (Rogers 
and Muir 1925). The great variation in the 
percentage of positive reactions amongst 
the leprous population seems to depend 
largely on the type of antigen employed. 
Thus Hasseltine (1924) examined the serum 
of 236 lepers in Hawaii. Using an acetone- 
insoluble antigen he obtained 17*8 per cent, 
of positive results ; with an antigen con- 
sisting of an alcoholic extract of beef heart to 
which 0*4 per cent, of cholesterol had been 
added, he obtained 50 per cent, of positives ; 
and with Kolmer’s (1922) new antigen he 
obtained 21*6 per cent, of positives. The 
greatest number of positive reactions 
occurred in lepers with the nodular type of 
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Leprosy bacilli in the tissues. The bacilli are 
seen in dense clumps, mostly intracellular 
(X 1000). 
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disease, the smallest mimber in those uith the au;pstheti>: t>|»e. In fMnu, 

in the advanced stage of the disease gave mure positive revolts thinxi in ariurlv 

stage. Of the general population about 12 per <-ent. nlicnwi ev 2 *h*n-.n* of i.yphili'^. ft 
seems clear frooi these findings that (i, a iarua*. number of undeibn'd iepfrs gi\o a 
negative Wassermanri reaction, f^veii when a highly sensitiVf* ^‘huit*'^reroiiited 
is used ; (n) if a cholesterolated antigen is used, a higher proportion » d’ iep^-r^ react p* 5 ^iti\ 0 'lv 
than when an acetone-insoiuhle antigen without additn m oi eliulesten 4 i» ii^ed. 
found that many lepers with a positive reaction improved under aiiti-^^yplniitic inaituient. 
In the differential diagnosis of leprosy and syphilis, he regards a pcnstive r'toi.ai- ui with 
an acetone-insoluble antigen or W'ith Kohner s antigen as strong presumptive evi«it'iH'e of 
syphilis ; in the absence of definite evidence of leprosy, such pat>*iits shiuhl be gjveii 
anti- syphilitic treatment before being declared lepers. Fletcher worLinj in the 

Federated Malay States, obtained 13*6 per cent, of positive Wassermanii reactions iii lr|>^r,s 
with no history of S 3 ’'phiiis, and only 34 per cent, in non-lepers who ai»o had no hiatury 
of syphilis. The luetin skin test was uniformly negative in leprosy, even when the 
Wassermann leaction w^as positive. Since the iuetin test may be negative when the 
Wassermann reaction is positive, and more positive Wa&sermaiir: reaction^ occur in 
lepers than* in non-iepers, Fletcher concludes that leprosy itself utay be responsible 
for a positive W^assermann reaction. 

Attempts to diagnose leprosy by means of a speeitiit allergic reaction with a 
substance known as lepromin (Bargehr 1926), or with other siilc-ttihce.> derived 
from acid-fast bacilli, have not proved successful (McKinley I93S). 

Prophylaxis and Treatment. — The prophylaxis of leprosy is at present a hygienic 
problem, and rests on the detection and isolation of infected persons, and on their 
adequate control. 

In the treatment of leprosy, vaccines of several different types have been 
used. Tuberculin was tried as early as 1891, but without result, Xastin is a 
preparation made by ethereal extraction of an acid-fast streptothrix, and used 
largely by Deycke ; the results do not appear to be very promising. Vaccines 
have been prepared from the numerous acid-fast bacilli isolated from leprous 
lesions, also without any marked benefit. With all these vaccines a certain number 
of patients improve temporarily, but this improvement seems to be largely due 
to a non-specific reaction, and is most marked when a severe constitutional reaction 
is produced. Several workers have used the bacilli present in lepra nodules. 
Hasson (1925-26), for example, employs a vaccine consisting of an autolysate of 
lepra bacilli, obtained from artificial blisters in lepers, mixed with Ps, pyocyanea ; 
this latter organism is added to provoke a febrile reaction. His own reports 
were very favourable ; improvement was said to begin after the third injection, 
and to be progressive. Patients treated for 18 months had not relapsed. It is 
doubtful how far this treatment is specific ; Row (1925-26) states that he has 
observed great improvement by the use of a vaccine consisting of autolysed tubercle 
bacilli. 

RAT LEPROSY 

Rat leprosy is a disease that was first described by Stefansky (1903) in 1901 
at Odessa. Rats were being slaughtered in large numbers, consequent on the out- 
break of human plague, and rat leprosy was found in 1-5 per cent, of them. The 
incidence reported by other observers varies considerably. 

In the United States McCoy (1913) found it in 186 out of about 200, CXM) rats caught 
in San Francisco, Cal., an incidence of 0-093 per cent. ; and Wherry (1908) found it in 
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20 out of 9,631 lats caught in Oakland, Cal., an incidence of 0*21 per cent. In Japan, 
Ota and Asaini (1932) found it in 0-7 per cent, of Battus 7iorvegicus and in 0-1 per cent, 
of Battus rams ; and Yamamoto, Sato and Sato (1936) found it in 1*24 per cent, of 2,573 
rats caught in Tokyo. According to Marchoux (1933), about 5 per cent, of the sewer 
rats in Paris harbour rat leprosy bacilh in the lymph nodes, but in only about 0-6 per cent, 
of the rats are generalized lesions present. In Batavia 9-3 per cent, of about 10,000 rats 
were said by Lampe and de Moor (1936) to have lesions of the lymph nodes, but not more 
than 0-23 per cent, of the animals had manifest skin leprosy. 

The disease exists in two forms — the glandular type and the musoulo-cutaneous 
type — but there appears to be no sharp division between them. In the glandular 
type one or more of the groups of subcutaneous glands — ^ingilinal, axillary, or 
cervical — is enlarged, hard, and of whitish colour. On section the glands are 
uniform and hard ; there are no nodules or necrotic areas visible macroscopically. 
Microscopically, the capsule and trabeculae are thickened ; the sinuses are filled 
with dense aggregations of irregularly polygonal cells, which have a large nucleus 
and much cytoplasm — probably macrophages ; the cytoplasm is packed with 
acid-fast bacilli, so that the contours of the cell-body are often invisible. A few 
giant cells, with several peripheral nuclei, containing numerous bacilli in their 
cytoplasm are also visible. Some organisms may be found free. 

In the musculo-cutaneous type the rat is emaciated ; the skin presents one 
or more irregularly round or oval areas of alopecia, commonest on the head; 
occasionally ulcers are seen, about 0-5 cm. in diameter, covered with a mealy- 
looking discharge containing acid-fast bacilli. At the site of these areas of alopecia 
the skin is atrophic. The subcutaneous tissues are devoid of fat, and show the 
presence of a greyish-white, granular material, which Stefansky regards as altered 
muscle tissue ; it contains numerous acid-fast bacilli. Sometimes nodular masses are 
found in the muscles, covered with particles of stretched atrophic skin. Stefansky 
believes that the primary lesion begins in the subcutaneous muscle fibres, and 
sometimes spreads to the skeletal muscles. Histologically, numerous acid-fast 
bacilli are found in the corium and subcutaneous tissue ; some are free, but most 
are situated in the cells of the granulation tissue, and in large cells rich in cyto- 
plasm, which resemble the lepra cells of Virchow, but contain no vacuoles. Acid- 
fast bacilli invade the muscle fibres, collect around the nuclei, and lead to destruc- 
tion of the tissue. Lesions of^Jihe internal organs are rare ; but McCoy (1913) 
states that nephritis is very common ; the kidneys are enlarged, yellowish-brown, 
friable, and often cystic, but no acid-fast bacilli are found in them. In an examina- 
tion of 186 leprous rats, McCoy (1913) noted alopecia in 47*5 per cent., cutaneous 
ulcers in 22 per cent., diffuse subcutaneous infiiltration in 97*9 per cent., enlarged 
lymphatic glands in 87 per cent., and nephritis in 53*8 per cent. 

Inside the cells the bacilli are said to be distributed not in cigar-like bundles 
like the human leprosy bacillus, but at random like pins in a packet ; and, instead 
of displacing the nucleus, they arrange themselves round it (Marchoux 1933). 

As is clear from the observations of Lampe and de Moor quoted above, the 
disease may often be present in a latent form. 

The bacteriology of the disease has already been discussed in Chapter 16. 

Reproduction of the Disease in Animals. — Stefansky failed to infect rats or guinea- 
pigs, but Dean (1905) was more successful. He inoculated 30 rats with suspensions 
of infiltrated -skin and enlarged lymphatic glands. Many of the animals died of 
intercurrent disease, but 9 of them developed marked lesions. In 3 cases the 
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infection was passed in serie.'^ from one rat to aiioth*^r, an*! from r-ci- ti » a r rind 
experimental disease ran a slow roiiiMn ia.-tin;^ fr^an H a 

mortem, after snlwiitaneons inoculation, ?Lcr.^ wu- -Mr.^rTirn^ - a d.cal Min- 
ing semi-caseous material andacid-fuM hacilii : in t!c* ivinphn^i- 

glands were sometimes iii%’aded Iw bacilli. Att^-r intrapcritouf^d inotoiLj i«i sn 
lesions -were more extensive: the ejaploon was Uifilrratp-i w:tl; -jrcv ma— ^-s uf 
opaque material, wliicti consisted of eollcr'tiMn> of relK cfcatr iiiinj: i*;iciJn 
liver was not usually involved, but in some animals tii*‘re w^u’c .-niull. pa:»-% -IrMpiy 
circumscribed areas, composed chiefly of acid-fast baf'ilii. The « ap'ifc^ of 
was often thickened and contained bacilli, but in only one cu.^c wr*- rh** <nrLei!i 
involved. In 3 animals there was a tumour-like inas-j in the anterior inerua-nMim. 
consisting of pale-yellow material, which contained, krgi* iiumb*‘:> of lurih:. S!mjh 
nodules in the lungs were found in two cases. The onriuiism proved nun-] »eithu'jenic 
to guinea-pigs, rabbits, mice, and a macaque monkey. 

The way in which natural infection occurs is not known, but the pre>f?nce of 
lesions in the skin and subcutaneous tissues suggests that it is ctjutracded through 
cutaneous fissures and abrasions. According to Marchoux (1fl3‘>p the di>e*ise cam 
be reproduced by scarification of the skin ; and Marchoux and < lionne ( 193S| state 
that the subcutaneous inoculation of as few as o bacilli will '*ul!icc to itifect the rat, 
Wayson and Masunaga (1935), however, suggeest that infection may occur throiich 
the nose. Examination of wild rats affected with leprosy, and of white rats inocu- 
lated subcutaneously, revealed the presence of add-fast bacilli in the nasal mucosa. 
Moreover, nasal instillation of a lepromatous suspen.*-iun was followed by develop- 
ment of rat leprosy. Against this suggestion is the fact that in the natural disease 
the bacilli seem to be commonest in the inguinal and axillary rather than in the 
cervical glands. The same objection apjplies to conjunctival infection, which 
Marchoux and his colleagues (1935) have shown to be successful under experimental 
conditions. Farther observations are clearly desirable. 

SeUards and Pinkerton (1938) have shown that progreshivc* iesioiis can be readily 
reproduced by the intracerebral inoculation with rat lcqa”usy bacilli of rats and mice, 
less readily of monkeys (dl. rhesus) and rabbits, but not of guinea-pigs. In mice the 
infection can be reproduced serially by simple intraperitoneal inoculation. 

Balfour- Jones (1937) found that the disease could be transmitted to the S^vian hamster 
[Cricetus auratus). Intraperitoneal inoculation with 0-25 mi. of a suspension of infected 
material from a rat caused death in about 6 months. The picture at post mortem was 
similar to that in rats, except that the omentum was less thickened. Lesions w^ere* com- 
monly present in the liver and spleen, less often in the kidneys and lungs. When inter- 
stitial nephritis was observed, clumps of acid-fast bacilli were found in the interstitial 
tissue. In rats, it may be noted, acid-fast bacilli are never found in the kidney. Sub- 
cutaneous inoculation also produced lesions in the hamster. 

JOHNJS’S DISEASE 

Synonyms. — Enteritis chronica fseudotuherculosa boms ; Entente specifique 
chronique des hoeufs; Ghronischer infehtidser Darmkatarrh des Eludes; chronic 
bovine pseudo-tuberculous enteritis. 

Johne’s disease is a specific enteritis afiecting cattle, and less frequently sheep 
and deer, caused by an acid-fast organism known as Johne’s bacillus. It was 
first described by Johne and Frothingham in 1895 at Dresden. They regarded 
it as a peculiar form of tuberculosis, possibly due to the avian type of bacillus. 
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TLe disease is faiily cominoii in Northern Europe, and has been observed in 
America. It affects particularly young cows, but no age is exempt. Since, how- 
ever, the incubation period is lengthy — up to about 18 months — it is uncommon 
to meet with the disease in cows less than 2 years old. Latent infection is appar- 
ently quite frequent. Sheep are less often attacked, though according to McEwen 
(1939) the disease may exact an annual toll of 5 per cent, of the animals. In 
this country the disease is prevalent in cattle, especially those on marshy or boggy 
land. Natural infection probably occurs through the ingestion of fodder that 
has been soiled with fmces of infected animals. It has been shown experimentally 
that Johne\s bacillus may remain alive for several months in infected fmces and 

ditch water exposed to ordi- 
nary atmospheric conditions 
(Lovell, Levi and Francis 
1914). 

Clinically the disease runs 
a chronic course, subject 
often to long periods of in- 
termission, and characterized 
by unthriftiness, a falling ofi 
in the milk yield, diarrhoea 
of varying severity, and pro- 
gressive emaciation ; there is 
no fever. 

Pathologically, the main 
lesions are situated in the last 
50 feet of the small intestine, 
and in the neighbourhood of 
the ileocsecal junction, but 
sometimes the whole gut is 
affected. The intestine is 
thick and rigid, looking not 
unlike a hose pipe ; the 
mucosa is greatly thickened 
and is thrown into regular 
corrugations, resembling the 
convolutions of the cerebrum. The mucosa is smooth and pale or pink in 
colour, and covered with slimy material ; on the surface of the corrugations it 
is dotted with red spots or hsemorrhages ; between the folds it often has a warty 
appearance. Occasionally small nodules are -seen, due to enlargement of soKtary 
lymphoid follicles. There is no ulceration of the mucosa, and the peritoneal surface 
appears normal. The mesenteric lymph glands are usually enlarged, oedematous 
and pigmented. Histologically, the mucosa, and to a less extent the submucosa, are 
infiltrated with lymphoid and epithelioid cells, which are responsible for the 
thickening. Near the surface of the gut the mucosa is absolutely structureless ; 
aU traces of nuclei and cell outlines have disappeared. Giant cells are rare ; 
there is no caseation, ulceration, fibrosis, or calcification. Short acid-fast bacilli, 
often in enormous numbers, are found in the mucosa lying between the glands 
and in the lymphoid tissue of the solitary follicles ; they may invade the sub- 
mucosa, and very occasionally the imderlying muscle layer. The bacilli are 
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Fig. 281. 

Section of intestine of cow with Johne’s disease. The 
taciUi are seen in dense clumps, mostly intracellular 
(X 1000). 
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arranged in dense clumps, and may be int-ra^ er exTrarn5ji|i^j^^^ isitsl 

FrotMngliani were of the opinion that tiier were i^rimarilv in 

position, but that owing to the subsequent rlisint^^nratloii of 0 * 41 , wore 
set free in the tissue. The cellular reaction around the bacilii i- di:Tu-<'‘. rxut h real- 
ized as in tuberculosis. Bacilli are generally found in aiaurb 

sometimes in the sublingual and submaxillary uland-. In I- v-rr 

much less thickening and corrugation of the inte^tiiial mm-o-a tLd.. :a * e.r >. TL^ 
disease can be reproduced in cattle and .‘>heep by b*e<liuu m nar*on^n',r. ri(ie'nati‘n 
with pure cultures of Johne's bacillus (^ee Chapter 16 ^ 

The bacteriology of the disease has already been de-erfbebi in 16, 

Diagnosis and Prophylaxis. — Biiferentiai diagnosis has to be iiiade from '•rrorn.jv- 
losis, coccidiosis, and particularly tuberculous enteritis. The tuherculm test 
bovine tuberculin is negative, but a reaction often foiiow> the injertiun vA utlnii 

tuberculin (see Bang 1909, 1914). Twort and Ingram (Ibid) adroc ife r!ie of 

a preparation like tuberculin, but made from giyctTiiie broth erntares m’ J alines 
bacillus. MTadyean, Sheather and Edwards (1912) prepared a 
which they termed johnin. These products, however, do nor appear ru be strhtly 
specific ; reactions may be obtained in tuberculous animals. iSunkiii ll92S| and 
Minett (1933) have recorded successful results with johnin rirepared by srriwiiig 
Johne’s bacillus in a special broth medium containing dead p/def bacilli, and more 
recently (Dunldn 1933) with johnin prepared from cultures in a synthetic mediiiiii 
free from extracts of acid-fast bacilli. Tliis product is said not to give ri.-o to 
the non-specific swellings that sometimes follow the use of johnin made from phlei- 
oontaining media. McEwen (1939), however, found the johnin test unreliable 
both in sheep and cattle. His experience seems to be borne oat by the results 
of a comparative trial conducted under the auspices of the A.gricultural Research 
Council (Report 1941). The johnin was prepared from cultures in a synthetic 
medium. Two samples were used, one prepared by heat concentration the other 
by precipitation. The double intradermal test was made on lf«3 cattle. There 
was considerable disagreement (a) between the readings of different observers, and 
(6) between the results of the skin test and the presence of Johiie infection as 
revealed by post-mortem examination. In only 19 out of 52 reactors could infection 
be demonstrated at necropsy ; on the other hand it was found in 6 out of 17 nega- 
tive reactors. The reason for these discrepancies was not ascertained. A P.P.I). 
preparation of johnin, corresponding to the precipitated protein derivative of 
tuberculin (see p. 1328), has been described, bub so far no records are available 
of its use in the field (McIntosh and Konst 1943). 

The bacilli are sometimes found throughout the intestine ; in such cases 
diagnosis is often possible by microscopical examination of a piece of rectal mucosa 
removed with forceps or a Volkmann’s spoon. The bacilli are sometimes found 
in the faces, generally in very small numbers (M'Fadyean et aL 1912) ; but it is 
impossible without cultural examination to distinguish them from saprophytic 
acid-fast bacilli. In any case in which acid-fast bacilli are found, it is advisable 
to inject them into a guinea-pig, in order to exclude the possibility of their being 
tubercle bacilli. Agglutination and complement fixation are said to be of little 
value in distinguishing Johne’s bacillus from the tubercle bacillus (T'wort 1912). 

The disease is usually fatal, but numerous instances of apparent recovery or of 
long intermissions in its course are known. In some of these animals post-mortem 
examination has revealed the presence of intense cellular reactions in the mesenteric 
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glands, whicL. liad apparently resulted in the disappearance of the bacilli. It seems 
probable that in a proportion of animals infection remains latent and never gives 
rise to clinical spnptoms. 

Since the disease appears to be spread mainly by the coiitaniination of water, 
food-stuffs and pasture land with the feces of infected animals, preventive measures 
will include the destruction of diseased animals, suitable disposal of their excreta, 
disinfection of byres, and the ploughing-up of infected pasture. If this is imprac- 
ticable, pasture land should be regarded as potentially dangerous for at least a 
year and should not be used for the grazing of sheep or cattle. These measures 
alone will not suffice to eradicate the disease. A more hopeful policy might be to 
test all members of the herd with johnin, to segregate and ultimately remove the 
reactors, to disinfect stalls and buildings, and to raise the non-infected animals 
on clean pastures (Hutyra and Marek 1926, Minett 1933) ; but until the johnin 
test itself can be made more reliable than it is at present, it is doubtful how far 
such a policy is likely to be successful. 

According to Vallee, Einjard, and Vallee (1934), subcutaneous vaccination of 
non-infected animals with 5-10 mgm. of living virulent cultures of Johne’s 
bacillus affords a high degree of protection against the disease. This statement 
awaits confirmation. 
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CHAPTER 61 


DIPHTHERIA AND OTHER DISEASES DUE TO CORYNEBACTERIA 

The modern conception of diphtheria as a clinical syndrome may he regarded as 
dating from the observations of Bretonneau in 1826. Its conception as a disease 
with a single bacterial cause dates from the publication of Loeffler’s classical paper 
in 1884. Klebs had described the bacillus in the diphtheritic membrane in the 
previous year, but he had brought forward no convincing evidence of its etiological 
role. The best possible introduction to a discussion of the bacteriological aspects 
of diphtheria is a brief summary of Loeffler’s experiments. He demonstrated the 
presence of the bacillus, which we now baow as 0. diphthericB, in the throats of 
13 of 22 persons suffering from clinical diphtheria. Erom 6 of these cases he isolated 
the organism in pure culture. With these strains, and with remote subcultures 
from them, he inoculated mice, rats, guinea-pigs, rabbits, finches, pigeons, fowls 
and monkeys. The mice and rats proved completely resistant. The guinea-pigs 
died in 2 to 5 days, after subcutaneous inoculation, showing at necropsy a localized 
area of haemorrhagic oedema 'at the site of inoculation, pleural effusions which were 
often blood-stained, areas of pulmonary consolidation, and marked congestion of 
the suprarenals. The small birds died in every case within a few days, showing 
at necropsy an area of oedema, haemorrhage and necrosis in the breast muscles, 
where the inoculation had been made. Many of the rabbits were inoculated into 
the trachea, or into the cornea ; in several of these typical false membranes devel- 
oped. Similar false membranes were produced by intratracheal inoculation in 
pigeons. The introduction of cultures of G. diphthericB into the vagina of guinea- 
pigs, after minimal injury of the mucosa, was also followed in some cases by typical 
membrane formation, with local oedema ; and sometimes by generalized symptoms 
terminating in death. Attempts to produce infection without injury to surface 
epithelium were not, however, successful. The simple application of cultures of 
virulent bacilli to the mucosa of the nose or throat, or to the conjunctiva, of rabbits 
or guinea-pigs was without result ; nor did a monkey whose throat was vigorously 
brushed with a living culture develop more than a moderate inflammatory lesion 
which healed in a few days. Attempts to infect rabbits, guinea-pigs, fowls and 
pigeons by exposing them to a spray of living culture were unsuccessful. No dear 
case of paralysis, similar to that encountered as a sequela of human diphtheria, 
was observed in any of these animals. One highly significant point was noted ; 
in most of those animals which died the bacilli could be recovered only from the 
tissues in the neighbourhood of the site of infection. Cultures taken from the 
lesions in the internal organs or tissues usually remained sterile. Loeffler concluded 
that death was due not to the dissemination of bacilli throughout the body, but 
to the effect of some substance elaborated in the local lesion. 

Thus Loeffler had shown that, in certain animals and under suitable conditions, 
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the bacillus whicb lie bad isolated would produce lesions closely resembliricr tbosf* 
of human diphtheria. This demonstration was the losieai extension of the resu'ts 
recorded by Trendelenburg in 1869 and by Oertel in 1871, both of wlir>m L.t 1 suc- 
ceeded in producing false membranes in rabbit.s and piueons by inocilijitinir them 
with material from human lesions. He had further shown that the sub'CUtcinetjas 
or intramuscular inoculation of cultures of the bacillus into susceptible aibrnals 
was followed by death associated with lesions w'hich, while thev little super- 
ficial resemblance to human diphtheria, were in themselves highly charaf lerihtic ; 
that these lesions were not the direct result of tissue invasiun by t-Le bacilli : ana 
that certain animal species were highly resistant to infection by anv rout^*. 

The next important step in our knowledge of diphtheritic in feet ion was the 
discovery by Eoux and Yersin in 1888 that sterile filtrates from euitur*es of the 
diphtheria bacillus would kill guinea-pigs with lesions identical with these which 
lohow the injection of the living organism. This demonstration of the presence 
of a potent extracellular toxin afforded an explanation of Loefilt-r's oLservation 
that death was not associated with any spread of bacteria Leyorid the local le-siou. 
In rabbits inoculated with such filtered cultures Roux and Yersin noted the occur- 
rence of late paralysis. 

Later investigations have confirmed and extended these pioneer observations, 
and we now have a fairly detailed knowledge of the reaction of a large number of 
animal species to the diphtheria. bacillus and to its toxin. 

The lesions produced in experimental animaJ.s have be^Ui described on pp. 457 
and 458. We are here concerned with them only in so far as they throw light on 
the pathogenesis of diphtheria in man. The epidemiology of diphtheria, the way 
in which the disease attacks herds as opposed to individuals, will be more con 
veniently considered in a later section of the chapter, when we have discussed the 
diagnostic methods on w’hich our present knowledge largely depends. 

It will be recalled that experimental diphtheritic toxaemia in the guinea-pig 
is associated with fatty degeneration of the heart muscle and diaphragm, and with 
congestion and heemorrhage in the adrenal glands. There can be little doubt (see 
Bolton 1905, Dudgeon 1906, Jaffa 1920, Andrewes et al 1925) that the direct action 
of diphtheria toxin on the heart muscle is one of the inost important causes of death 
in human diphtheria. 

With regard to the adrenal lesions, it may be noted that the gross changes, 
which are so characteristic of diphtheritic toxaemia in the guinea-pig, are not 
found in fatal cases in man. There is, however, a growing body of evidence which 
suggests that suprarenal congestion, with small extravasations of blood, and degen- 
erative changes in the cortical or medullary cells, is of frequent occurrence in fatal 
human infections ; though these lesions are revealed only by careful histological 
examination (Andrewes et al 1923). So far as the nervous lesions are concerned 
we need only indicate the obvious analogy between the late paralysis of experi- 
mental diphtheria in the rabbit, guinea-pig or dog, and the characteristic paralysis 
in man. 

We may, then, regard diphtheria as an infection in which a characteristic 
local lesion, the membranous inflammation of the fauces, is associated with an 
equally characteristic toxaemia, in which a powerful exotoxin exerts a selective 
poisonous action on certain groups of cells. 

We have already referred to Loeffler’s observation, that the diphtheria bacillus 
can be recovered from the local experimental lesion, but not usually from the 
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internal organs. These findings have been generally confirmed by subsequent 
investigators, though a few discordant results have been recorded (Andrewes et at. 
1923). In human diphtheria it would appear that some degree of tissue invasion 
is of fairly frequent occurrence, though G. diflitliencB has very rarely been isolated 
from the blood during life ; Andrewes and his colleagues (1923) note 3 positive 
results in the records of 313 cases studied by Leede, Eoedelius, and Eeiche in 
Hamburg. The bacteriological findings at autopsy are somewhat discordant, and 
difficult to interpret. That 0. diphtherice has, on occasion, been cultivated from 
most of the internal organs examined there is little doubt ; but the technique 
employed has varied widely ; and, with the single exception of the general agree- 
ment that the diphtheria bacillus may be isolated from the lungs in a considerable 
proportion of cases of fatal diphtheria, there is little agreement as to the frequency 
with which it may be found in the various organs and tissues. As Andrewes" 
and his colleagues point out, the presence of 0 . dipUJierioB in the lungs may well 
be due to direct inhalation, rather than to active spread. The evidence, as a whole, 
clearly suggests that natural diphtheria in man, like experimental diphtheria in 
the guinea-pig, rabbit, or pigeon, is to be regarded as essentially a toxaemia, in 
which tissue invasion is minimal ; and in which individual resistance or suscepti- 
bility to infection, and recovery or death when infected, are largely determined 
by the presence or rapid production of antitoxin. 

This does not mean that invasiveness, as a character of the bacterium, plays 
no part in the natural or experimental disease. Where the materies morhi consists 
of hving bacilli, some degree of local tissue invasion and bacterial proliferation 
must occur if a significant amount of toxin is to be elaborated and absorbed. It 
follows that the virulence of a particular strain of G. dij)hthencB is not completely 
defined by determining its toxigenicity. 

That this is so has been demonstrated very clearly by recent observations on 
the case-fatality rates associated with infections caused by different types of 
G. di'phtJierice, 

The Gravis, Mitis and Intermediate Types of C. diphtherise in Relation to Diphtheria 
in Man. 

We have already referred (pp. 450, 462) to the description by McLeod and his 
colleagues (Anderson, Happold, McLeod and Thomson 1931) of three different types 
of G. difhthericB, and have noted that the gravis and intermedins types are associated 
with a high case-fatality rate, while infections caused by the mitis type are 
usually far milder. 

The differences recorded are very striking. For example, the incidence of compHca- 
tions varies both qualitatively and quantitatively. Table 110, taken from Cooper and 
his colleagues (1936), makes this clear. 

TABLE no 

Complications and Deaths associated with Dotebent Types op Diphtheeia Bacilli. 


Type. 

Total 

Cases. 

Haemorrhagic. 
Per cent. 

Paralytic. 
Per cent. 

Laryngeal. 

Per cent. 

Gravis . . . . ' 

2,313 

3-5 

17-0 

2-3 

Intermedius . 

1,993 

3-7 

9-9 

1*3 

Mitis 

1,488 

04 

4*5 

7-5 
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It would appear tliat paralytic compbcations are in grnrh inffM'tiuri', and 

obstructive lesions in the air passages m nniD infections, and that hfeinorrhaLdc €■ impH- 
cations are far more frequent in infections due tf? the grari'i or ? than ta'* the 

mitis type. So far as albuminuria is concerned, Anderson and hh coll* a „ re-- AiKVNi t 
record a 52-6 per cent, incidence among their grarls case'^, 52-1 p r e»air. aio^ j thrlr 
intermedins cases, and 28-4 jier cent, among theu* mifls 

There are also considerable differences in the ease-fatahty rate with tie* 

different types. McLeod (1943), who has collected data eompri'^iin; about 2.13 mii* 
from different parts of the 'world, gives the following figures ; — 

8*1 per cent, in 11,492 gravis ca>es. 

7-2 ,, ,, ,, 6,807 hittrivnlins ca>fs. 

2-6 „ „ „ 6,858 nnHs eases. 

The sharp difference between the severity of the mitts cases and those d?ie to 
with the gravis and interjnedius types emerges clearly from thcj available reo u‘ds. It is. 
much less clear that there is any consistent difference between the <- 0 verity ui .lod 

intermedins infections. There is at least a suggestion iRoliinson and 3^ar^^laiI 1934, 1935; 
that whichever of these two types assumes temporary dominance during a panieiilar 
epidemic prevalence gives rise to the higher case-fatality rate. 

All these figures, it should be noted, refer to cases treate«l with antitoxin. It 
would seem to be established that, under these conditions, the iiiurtality a>so<*!attNi 
with mitis infections is usually low. Variations, however, occur in different places 
and in different epidemics. According to Cooper and his colleagues (1936), all 
three types may be met with in phases of exalted and of diminished virulence, 
the gravis at its lowest corresponding to the ?nitis at its highest, and the intermedius 
at its highest surpassing the gravis in its lower or moderate phases of \dnileiice. 

That wnde variations occur in the frequency of the different types at different times 
and in different places has been clearly established. Thus, Anderson, Cooper, Happold 
and McLeod (1933a) record the following frequencies in Leeds : gravis infections 75*62 per 
cent., intermedins infections 4*27 per cent., mitis infections 20*11 per cent. Later informa- 
tion is afforded by Cooper and his colleagues (1936) and hy W. T. Russell (1943), both of 
whom analyse the distribution of the types in several different centres in England and 
Wales, and by McLeod (1943), who includes data from many different countries. In 
general, the predominant strain is far more often of the gravis or internmliiis than of the 
mitis type, suggesting that mitis diphtheria is usuallj^ endemic, whereas gravis, and to a 
less extent intermedins, diphtheria tend to be epidemic. Changes in distribution of the 
different types may occur from year to year (see Robinson and Marshall 1934, Wright 
19415, Report 1943). For example, in Manchester the gravis infections rose from 23*8 
per cent, in 1934 to 50*9 per cent, in 1935 ; in Liverpool they rose from 34*2 per cent, 
in 1937 to 69*6 per cent, in 1940. It may be noted that in the XJnited States some workers 
have failed to type their strains satisfactorily ; the reasons for this cannot be disciis.sed 
here (see Terry et al. 1936, Frobisher 1938, 1940, 1942, Seligmaim 1941). 

Closely bound up with the distribution and case fatality of the different types 
is their capacity to give rise to clinical diphtheria in naturally Schick-negative 
or immunized persons. Several observations have been made on tHs subject. 
From McLeod’s (1943) review it seems clear that, apart from the experience of 
Liverpool, where intermedins infections have been particularly severe, diphtheria 
in the immunized population has been due mainly in the past to infections with 
the gravis type. There is evidence, too, to show that in a well-immunized popula- 
tion diphtheria may he practically absent so long as the mitis type is predominant. 
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but that numerous cases may occur if tbe gravis type is introduced and gains the 
ascendancy. 

The evidence at present available does not allow of any definite conclusion 
in regard to the factors that deternoine the greater virulence of gravis and inter- 
medius as compared with mitis strains. Early observations (see Parish, Whatley 
and O’Brien 1932a, b, Anderson et at, 1933a) showed that all three types were 
highly toxigenic, and that the toxins appeared to be identical in respect of their 
neutralizability by antitoxin. Similarly no obvious differences were apparent in 
the virulence of the three different types for guinea-pigs. Later observations, 
however, have tended to reveal small but possibly significant differences between 
them. 

Povitsky, Eisner and Jackson (1933), for example, found the minimal lethal dose of 
gravis strains for the guinea-pig to he smaller than that of mitis strains ; they also found 
that antitoxin was rather more effective in controlling mitis than gravis infections. Murray 
(1935) reported that it was more difficult to protect rabbits with standard antitoxin against 
repeated doses of gravis baciUi than against similar doses of the other types. Gundel and 
Konig (1938) observed that, for protecting animals by active immunization against gravis 
strains a qualitatively better antigen was required than against mitis strains. Gundel 
and Erzin (1936) noticed differences in guinea-pigs infected with standard doses of the 
three types ; those infected with gravis strains died soonest, and those infected with 
gravis or intermedins strains yielded positive cultures from the internal organs more fre- 
quently than those infected with mitis strains. Pinally, Clauberg (1939), after examining 
a large number of toxins grown under standard conditions, reached the conclusion that 
gravis toxins were more potent in producing a skin reaction than mitis toxins and that 
their neutralization required more antitoxin. 

This evidence, on the whole, suggests that gravis strains under appropriate 
conditions produce a slightly more potent toxin and are more invasive than mitis 
strains. 

Some observers have noted a relation between the iron content of synthetic 
media and the potency of the toxin produced (Pappenheimer and Johnson 1936, 
Happold 1940) ; and Mueller (1941) has put forward the interesting suggestion 
that in the human body, where iron is abundant, gravis strains may be the most 
potent toxin producers. Zinnemann (1943), however, who grew strains of different 
types in a broth medium having an iron concentration similar to that in the human 
tissues and tested the minimal reacting dose by intracutaneous inoculation of 
guinea-pigs, obtained no evidence to support this suggestion. 

O’Meara (1940) offers a different explanation. He finds that, if a bacteria- 
free saline extract of a gravis strain is inoculated subcutaneously into a guinea-pig 
along with a dose of the classical Park-Williams 8 {mitis) toxin, the M.L.D. of 
the toxin is not affected, but there is a greatly increased tissue reaction at the 
site of inoculation as evidenced by extensive oedema and necrosis. He postulates, 
therefore, the existence in gravis tnxins of two factors, A and B, only one of which, 
A, is present in any considerable proportion in Park-Williams 8 toxin. This may 
account for the greater seriousness of gravis diphtheria in human beings and for 
the inability of commercial antiserum, which is made chiefly from Park-Williams 
8 toxin, to neutralize "completely both toxic factors produced by strains of the 
gravis type. No confirmation is yet available of O’Meara’s work, and further 
observations will be required to test the truth of his explanation. 
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The Diagnosis o! Infection in Diphtheria. 

The laboratory diagnosis of infection with diphtheria depends on the deiiiori- 
stiation of the causative organism. Though we are eoriceriied hen? more wirh 
general principles than with technical details, it will he convenient to describe 
the current practice in most British laboratories. In the pa-^t chief reliance was 
placed on examination of a direct smear, and on the microscopic appearance of 
the growth of a Loeffler slope culture. Since the differentiation by McLeod and 
his colleagues (Anderson et al 1931, 1933a, b) of three different colonial type^^ of 
diphtheria bacilli on tellurite blood agar, and since the agreement reached by 
numerous workers on the advantage of using a selective medium, the study of 
the colonies developing on tellurite plates has assumed increasing iinpcirtance in 
the laboratory diagnosis of diphtheria. Not only does the isolation of diplitheria 
bacilli in the form of single colonies carry greater assurance than their deifjon- 
stration morphologically in a film containing numerous other organisms, but riie 
recognition of their type — gravis^ intermedius, or initis — proves often of epidemio- 
logical and sometimes of clinical interest. We may outline the general procedure 
to be followed and the interpretation of the results in looking fur the diphtheria 
bacillus in suspected cases of the disease, and in convalescents, contacts, and 
suspected carriers. 

Suspected Cases of Clmical Diphtheria. 

By examination of a smear made directly from the swab and stained preferably 
by the wet-film technique, it is sometimes possible to make a presumptive diagnosis 
of diphtheria. Though this method is advocated by a few workers, the majority 
of bacteriologists do not regard it with favour. It is restricted in its usefulness 
to throat swabs from children, and even in these the proportion of positive results 
in true cases of diphtheria is often fairly low. Though it should not do so, a nega- 
tive result serves as an excuse to many practitioners to withhold serum for treat- 
ment- A preliminary negative report on a direct smear has frequently to be 
followed by a positive report on culture, thus confusing the practitioner and leading 
Mm to doubt the accuracy of the laboratory's findings. Moreover, the time taken 
in preparing and examining direct smears may often be spent more profitably in 
other ways. Without denying the value of the method in special cases, most 
bacteriologists are agreed that for routine work it is much better abandoned. In 
some laboratories a film is made from throat swabs and stained for the character- 
istic spirilla and fusiform bacilli of Vincent’s angina. If these organisms are found 
microscopically in the cultural absence of diphtheria bacilli and of hemolytic 
streptococci, they may afford an explanation of the clinical condition of the patient, 
and may be reported without prejudicing his treatment. 

In the routine cultivation of swabs from suspected cases of diphtheria it is 
advisable to inoculate each swab on to a slope of Loeffler’s serum, a plate of tellurite 
blood agar, and, for the detection of hsemoljrtic streptococci, on to an ordinary 
blood agar plate. All three cultures should be examined 18-24: hours later. Posi- 
tive results obtained on both Loeffler and tellurite, or on tellurite alone, can be 
reported safely at once. Characteristic bindings on Loeffler in the presence of 
a negative tellurite plate usually justify a presumptive positive report. When, 
however, the results are ambiguous or negative, it is better to send an inteiiin 
doubtful report, and await the result of subculture or of further incubation of 
the tellurite plate before a final negative report is made. In cases of tMs sort 
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the finding of Vincent’s spirilla and fusiform bacilli in direct film or of bsemolytic 
streptococci on a blood agar plate is often of value in suggesting tbe true nature 
of tbe infection. 

This is not the place to discuss the relative merits of the various tellurite blood agar 
media that have been proposed. In different laboratories preference is expressed for 
the particular medium described by McLeod and his co-workers (Anderson et al. 1931), 
by Clauberg (1929, 1931, 1933, 1935, 1936), by Horgan and MarshaU (1932), by Neih 
(1937), by Glass (1937), by Hoyle (1941), or by some other worker. So far, no medium 
can be regarded as perfect. We have given our reasons already (p. 451) for preferring 
a tellurite agar containing unheated and unlysed blood. Whatever medium is used, 
however, there wiH always be a small proportion of colonies that cannot be recognized 
with certainty within 24 hours ; a final negative report should therefore not be issued 
for 2 days after receipt of the swab. 

The combined use of a Loeffler slope and a tellurite blood agar culture enables 
a high proportion of all cases of diphtheria to be diagnosed bacteriologically within 
18-24 hours. Early investigators, such as Weigmann and Hegn (1932), Lewis 
(1933), Kairies (1933), Kemkes (1934), and Hasenbach (1935) found tellurite medium 
to give a slightly higher proportion of true positive results than Loeffler’s serum. 
The experience of numerous workers has since confirmed their results, and has 
shown that in cases of diphtheria the causative bacillus may be demonstrated by 
tellurite in about 5-10 per cent, more swabs than by Loeffler. The routine use 
of a- Loeffler slope culture has, however, numerous advantages. It shows whether 
the swab was suitable for examination ; failure of growth suggests that the patient’s 
throat had been treated recently with an antiseptic, or that the swab had been 
improperly taken or had been too long in transmission to the laboratory. Develop- 
ment of diphtheria bacilli is rather more rapid on Loeffler than on tellurite, and 
a tentative diagnosis can therefore sometimes be made earher. Occasionally 
strains of diphtheria bacilli are met with that are unusually sensitive to potassium 
tellurite, and may not develop on primary culture in the presence of this substance ; 
to avoid missing these, a Loeffler serum culture is a valuable safeguard. On the 
other hand, the presence of apparently typical diphtheria bacilli on Loeffler in 
the complete absence of diphtheria colonies on tellurite must always be regarded 
with suspicion, and a final positive report should never be sent till diphtheria 
bacilli have been isolated in pure culture by plating the Loeffler slope growth on 
to chocolate blood agar or tellurite blood agar. 

The routine use of a tellurite blood agar plate is of value partly because it 
increases the proportion of positive results, and partly because it enables the type 
of the infecting organism to be determined. By careful examination of the colonial 
form under a binocular dissecting microscope and of the morphology of the organ- 
isms in a wet-stained film, or even by nigrosin (Fleming 1941), many workers of 
experience can assign correctly the majority of cultures to the gravis^ intermedius, 
or mitis t 3 rpes ; but it is always wise to confirm this preliminary identification 
by means of fermentation and, if necessary, virulence tests. 

Shone, Tucker, Glass, and Wright (1939), who made a very careful study at 
Liverpool of the comparative merits of Loeffler and tellurite in the diagnosis of 
diphtheria cases, found that of 1,501 strains of diphtheria bacilli 924 per cent, 
were recognized on both a Loeffler slope and a tellurite blood agar plate, 2*3 per 
cent, on Loeffler only, and 5*3 per cent, on tellurite only. The failures of the 
Loeffler medium seemed to be due partly to the scantiness of the diphtheria bacilfi 
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in some cases and the consequent difficulty of finding ihtrn among otLer 
and partly to tiie atypical appearance of certain strain^, e>i*eria!Iy of tLe 

gravis type. Tlie chief disadvantage of the tellurite medium lav in tL»‘ .-iow growth 
of some strains of the mitts type. Cooper and his (‘olleugiies fitilhi), who matle 
a similar series of observations in McLeod's laboratory at Leeds, fouiol that a 
tellurite blood agar plate yielded at least 10 per cent, more positive results than 
a Loeffler slope, and led to less likelihood of missing severe cases. On Loeffler 
the very short form of intermedins type of diphtheria bacillus was found to be 
difficult to distinguish from unusually granffilar Hofinaim strains. Tfie results 
on Loeffler ’s medium at Liverpool were more favourable than those obtained in 
many other laboratories, probably because Wright and his colleagues had spent 
two years’ intensive work checking the accuracy of their microscopical diagpu.-is. 
In the hands of less skilled observers the proportion of true positive results on 
Loeffler would have been lower, and a number of false j/ositives would aiinri-t 
certainly have been recorded (see Cruicksbank 1943). 

Convalescents, Contacts, and Carriers. 

In swabs from convalescents, contacts, and carriers diphtheria bacilli are gener- 
ally fewer than in those from cases. The use of tellurite iiiediiini in their detection 
is not only an advantage, it is almost imperative. Numerous workers have found 
that approximately twice as many positive results are obtained on this medium 
as on Loeffler’s serum. The development of the colonies is, however, often slow, 
and a negative report should rarely be ina<ie till the plates have l^een incubated 
for 48 hours. 

Virulence Tests. 

At one time the only way td ascertain whether a strain of diphtheria bacillus 
was virulent, and therefore potentially infective, was by inoculating it into a 
guinea-pig. Though this is still true if complete assurance is to be obtained, the 
number of virulence tests to be carried out may be greatly reduced by noting the 
type of diphtheria bacillus to which the strain belongs. Considerable experience 
now in many laboratories has shown that nearly all strains of the gratis and inter- 
medius type are virulent, but that some strains of the mitis type are aviruient. 
Thus Parish (1936) reports 96*9 per cent,, 99*5 per cent., and 99*7 per cent, of 
virulent cultures among large samples of gravis strains examined by different 
workers, and 94*1 per cent., 99*1 per cent., and 99*9 per cent, for intermedins strains, 
as against 80*0 per cent., 86*6 per cent., and 87*5 per cent, for strains of mitis type. 
Stallybrass (1936), quoting Wright’s findings in Liverpool, reports one aviruient 
culture, among 145 gravis strains, 4 aviruient cultures among 116 intermedius 
strains, but no less than 100 aviruient cultures among 231 mitis strains. The 
proportion of aviruient strains varies also with the origin of the culture. Thus 
strains of all three types are invariably virulent when isolated from cases of acute 
diphtheria. Aviruient strains are encountered among convalescents, contacts, 
and carriers, particularly in those with nasal and other extra-faucial infections. 
Strains of the gravis and intermedius type need seldom be tested for viruleiice 
unless derived from long-standing carriers. Strains of the mitis type from con- 
tacts, carriers, and persistently positive convalescent cases will generally require 
testing. The strains, however, that most require testing for virulence are atypical 
strains, especially those found in carriers (Cooper et al. 1940). 

Two methods of performing a Tirulence test are in use — the subcutaneous and the 
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intracutaneous. The technique of each test varies with different workers. In the sub- 
cutaneous test it is usual to inoculate between an eighth and the whole of an IS-hour 
Loeffler slope culture in a 6 X I in. test-tube into a guinea-pig. The importance of washing 
off the growth with a suitable suspending medium such as broth rather than with saline, 
which destroys the organisms, has been stressed by Holt and Wright (1940). These 
observers likewise recommend the chest as the preferential site of inoculation, since oedema 
is said to be more noticeable here than in the thigh. To make certain that the strain 
under test forms the toxin specific to the diphtheria bacillus it is wise to inoculate two 
guinea-pigs simultaneously, one of which is protected by means of a suitable dose of anti- 
toxin, such as 500 units given intraperitoneally on the previous evening. 

The intradermal, or Eomer, method has the advantage of allowing several strains 
to be tested on the same animal. A Loeffler slope culture is washed off with 1 to 4 ml. 
of broth, depending on the amount of growth, and inoculated intradermally in a quantity 
of 0-2 ml. into the shaven side of an albino guinea-pig. A known virulent and a known 
avirulent strain should always be inoculated as controls. To protect the animal from death 
during the development of the characteristic skin reactions, 20 to 40 units of refined anti- 
diphtheria serum should be injected simultaneously into the peritoneal cavity. A guinea- 
pig protected by the mtraperitoneal injection of 500 units of serum on the previous 
evening should likewise be inoculated intradermally with the same strains as those used 
for the test animals. This precaution is desirable especially with atypical strains and 
with cultures of doubtful purity, so as to prevent confusion being caused by necrotic 
lesions due to other species of Corynebacterium or to staphylococci. 

The Diagnosis of Susceptibility or Immunity to Diphtheria. 

Modern methods of diphtheria control depend almost as much on distinguishing 
between the susceptible and resistant members of the human herd as on diagnosing 
cases and carriers. The technique that first enabled us to do this on an adequate 
scale was the test introduced by Schick (Michiels and Schick 1913a, 6, Schick 1913). 
It is performed as follows. 

The test toxin is stored in a relatively concentrated solution, and when required for 
use is diluted so that one Schick dose is contained in 0-2 ml. Part of this diluted toxin 
is heated to 70° C. for 5 minutes, to serve as a control. Into the flexor surface of one 
arm 0-2 ml. of the unheated toxin is injected intradermally, care being taken that the 
injection is made into the substance of the dermis in such a way as to raise a definite bulla."" 
Into the flexor surface of the opposite arm is injected 0*2 ml. of the heated toxin. The 
reaction to the toxin develops at a varying rate. In some persons a positive reaction 
is evident after 24 hours, but in others it is not fully developed for a week. From the 
observations of Downie and his colleagues (Eeport 1942a), the best times to make readings 
would appear to be the 4th and the 7th days ; if only one reading can be made, the 7th day 
should be selected. The foUowing types of reaction may he observed to the toxin and , 
the control 

(a) The negative reaction — ^no reaction of any kind in either arm. 

(b) The positive reaction — ^no reaction in the- control arm. 

In the test arm a circumscrihed red flush appears generally after 24 to 36 hours, 
reaching its maximum development on the 4th to 7th day. At this time there 
is a circular area, 1-2 cm. in diameter, slightly raised above the general surface 
of the skin. This slowly fades during the following few days or more, leaving 
an area of brownish pigmentation, with a desquamating epidermis. 

(c) The pseudo-reaction (negative). — ^This reaction, which is of the characteristio allergic 

type, develops equally in both arms during the first 24 hours. It is less sharply 
circumscrihed than the true positive reaction, and fades muck more rapidly. 
By the 4th day it has usually disappeared, leaving some slight degree of reddish 
or brownish discoloration. 
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{d) The combined reaction (pseudo -f- pobitivej. 

The control arm shows the succesbion of clKtiiL^Cb reff'riV'l tu oo-irr j ^ - 
reaction. The reaction in the test arm is almost iitdi^timriii'haSlt' fpaa tL,.* ri 
the control arm during the first 24 hours. After thi^ time IL* in tf.** 

test arm continues to develop, while that in the crntr.*! ;inr. ^ f,**'!**. 

By the 4th day the difference between the two arras ib Ubuahy r|* 3 :te d’^t:nc^ro- 

The positive and combined reactions are generally reiiarded a-> irif r.if mi- -i.t.- 
bility. More precisely they show that antitoxin is either absent fn-m tii* eir nl.iArm 
blood or is present in only very small quantity. At one tin it- it i rejid rh u a u 
reaction showed that there was less, and a negative rcaetiun that then'- ine/r( , than 
1/30 A.U. per ml., but further experience has rendered it clear tirit eitiaT n rit.n ueit 
occur over a fairly wide range of antitoxm values (see Jeuberi Fraser hikI Main*!*?] 

1935, Leach and Poch 1935, Parish and Wright 193S, Thelander 194^>, l>owsiie >tK Pall .. 
A positive reaction may be registered with as much as 1 3o A.U. ml. and a 
reaction with less than 1/1,000 A.U. In general, however, a x>o.dtive rraeti* is iine< ainn' n 
with 1/100 A.U. per ml. or more, and rare with 1 3b A.U. or iiKjre. 

The Schick test, within its limits, is a quantitative one : and the iijUst 

therefore be defined, and the test toxin standardized. 

The Schick dose was originally defined on an empirical basis as I 5Htli of the Lruiuea- 
pig M.L.D. ; but, as Glenny (1925) has pointed out, wo are eoncenu'd ifi the Stdiiok test 
not only with toxicity but with combining pow'er. We wrant to know how toxin 

the subject’s tissue fluids can neutralize. The M.L.D. is not a sati'-f.ictory iiuit for this 
purpose since it is not a measure of combining power ; but an adequat<" degree » »f t< >xi{*ity 
must be ensured, since the dermal reaction depends on the presence of free toxin. 

The subject w’as considered by the Biological Standardization CommissiMii of the 
League of Nations in 1931 (see Eeport 1931), and two alternative defiiiitiuns of the S«‘hiek 
dose were adopted. One reads as follows : 

“The Schick test-dose, for injection in a volume of 0-2 ml., shall he that (iaun!ik\ 
of toxin which, when mixed with l/750th part or more of an iiiternational unit of antitoxin 
and injected intracutaneously into a normal guinea-pig, causes no local reaction ; but, 
when mixed with l/l,250th part or less of an international unit and similarly iiijec'ted, 
causes a marked reaction of the type of a ‘ positive' Scliiek reaction ; phivlded that the 
toxin is such that l/25th of the Schick test-dose as above determined, without admixture 
with antitoxin, when injected intracutaneously into a normal guinea-pig, causes a definite 
local reaction of the type of a ' positive ’ Schick reaction ; but that 1. 50th of the Schick 
test-dose, similarly injected without admixture, causes no local reaction of this type.'’ 

In the alternative definition the main clause defines the Schick dose in terms of the 
M.R.D., and the proviso deals with combining power. Both conditions must be fulfilled 
under the Begulations (1931) made in Great Britain in accord with the Therapeutic Sub- 
stances Act (1925). 

As a possible alternative to the Schick test, the actual amount of circulating 
antitoxin in a person’s blood may be determined by titration, using the Eomer 
technique. This is clearly a more accurate metliod, and entails a single with- 
drawal of blood compared with the intradermal injections and their observation 
during the following few days. The necessary animal inoculations might be 
supposed to prevent the adoption of this method as a routine. Jensen (19336), 
however, who uses rabbits instead of guinea-pigs for the intracutaneous injections, 
thus increasing the number of tests that can be carried out on a single animal, 
considers it the method of choice for both convenience and accuracy. 

The evidence now available leaves no reasonable doubt that a person who 
reacts negatively to the Schick test, or who has been showm to possess an equivalent 

zz 


P.B. 
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amount of circulating antitoxin is comparatively immune to all ordinary risks of 
infection. This evidence has in part been obtained by keeping under observation 
samples of the general population whose Schick reaction has been determined, in 
part by observing the behaviour of negative and positive reactors when exposed 
to high risks of infection. The evidence available under the latter head is more 
impressive, and more readily obtained, than that under the former, for the simple 
reason that, where the risk of infection and consequently the incidence of disease 
are high, the observation of relatively small samples over relatively short periods 
of time will serve to reveal statistically significant differences, if such exist. This 
problem will be referred to again in discussing the efficacy of active immunization. 
It must be made clear, however, that the degree of immunity possessed by Schick- 
negative reactors is far from absolute, and that, in fact, quite large numbers of 
cases of diphtheria have been reported in immunized persons many of whom were 
probably Schick-negative. Such cases are usually due to infection with the gravis 
type of diphtheria bacillus (Cooper et al. 1936, McLeod 1943) and seldom prove 
fatal. 

We may note here the single instance of a direct experiment on man which has, so 
far as we are aware, been placed on record. Guthrie, Marshall and Moss (1921) collected 
eight volunteers and determined their reaction to the Schick test ; four reacted positively, 
two negatively, and two gave pseudo-reactions which were read as negative. The throat 
of each of these eight volunteers was swabbed with a virulent culture of C. diphtherice. 
The organism, established itself on the tonsils of the four positive reactors, and of three 
of the four negative reactors. The four positive reactors developed chnical diphtheria ; 
the three negative reactors became temporary carriers without showing any sign of the 
disease. 

In discussing the nature and origin of the normal antibodies in Chapter 49, 
we have already described the observations of Zingher and of others on the results 
obtained in the application of the Schick test to large samples of the normal popula- 
tion, and have considered the opposing theories of the origin of normal antitoxin 
as the result of latent infection, or as a phase of normal biochemical ontogeny, in 
the absence of any specific stimulus ; and we have expressed our personal view 
that it is impossible to account for the observed distribution of natural antitoxic 
immunity among the population in general, and among certain isolated groups in 
particular, without assuming that natural immunization plays a highly important 
role. 

The Treatment of Diphtheria with Antitoxin. 

The nature of antitoxic immunity and the general principles that determine its 
practical application have been discussed in Chapter 46. We are here concerned 
with the methods that are employed in the particular case of diphtheria in man, 
and the available data with regard to their efficacy. 

As regards the commercial preparation of antitoxic sera, we need only note 
that the animal almost universally employed is the horse, and that immunization 
is usually carried out by the administration of increasing doses of toxic filtrates, 
administered at intervals of a few days. The initial dose must be minute, 0*01 ml. 
or thereabouts. The final dose, usually reached within a period of 6 weeks to 
2 months, may be very large, 1 litre or more. When a satisfactory titre has been 
attained the horse is bled from the jugular vein, with strict precautions as regards 
sterility ; the serum, after separation from the clot, is filtered through a coarse 
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porcelain candle, and 0*3 to 0*5 per cent, tricresol is usually added as a further 
precaution to maintain sterility (Dean 1908). The average serum so obtained 
contains between 600 and 800 units of antitoxin per ml 

Apart from its great theoretical interest, the isolation of antitoxin in a state of elieniioal 
purity would be an important advance from the practical j>oint of view. This ha^ not 
yet been achieved, but considerable success has been attained in the eon cent ration of the 
active constituents (Brieger and Ehrlich 1893, Brieger and Cohn 1S93, Brif*jer and Boer 
1896, Pick 1902, Gibson 1905, Banzhaf and Gibson 1907. 1908-0, Banzbaf 1912-13, 
Andrewes et al, 1923). The methods employed, which vary in minor points of tedinique. 
depend on the demonstration that the major part of the antitoxin is contained in that 
fraction of the serum globulin which is precipitated by half saturation with ammonium 
sulphate, but redissolved when the precipitate is extracted with a saturated bulutioii of 
sodium chloride. This so-called “ pseudoglobulin ” fraction can he separated frc rfi the 
eugiohulin, and from the serum albumin. The process is accompanied by the loss of an 
appreciable fraction of the antitoxin originally present in the serum ; hut the concentra- 
tion of antitoxin in the finished product may be increased six or eight times as coinparefi 
with the untreated serum ; and there is a relative elimination of non -effective pjrotein 
materia], though the protein content per ml. is appreciably inereabcd durinj the proees> 
of concentration. An even greater degree of purification is now aehiet'od by the use of 
proteolytic enzymes to digest much of the unwanted protein (Pope 1938, I939j. The 
resulting refined diphtheria antitoxin, as it is called, has been found by Gleiiny and eliyn- 
Jones (1938) to he absorbed more rapidlj" and eliminated more slowly in guiuea-pigs than 
the so-called concentrated diphtheria antitoxin, which is the product of precipitation 
wdth ammonium sulphate. It has, moreover, the great advantage of givin;^ rise to MTuni 
sickness in a much smaller proportion of patients than either crude or concentrated anti- 
serum ; probably not more than about 10 per cent, of diphtheria patients develop s\ inp- 
toms after its use, and these are usually mild. 

Oiu object in treatment will obviously be to introduce as much antitoxin as 
we can, at the earliest possible moment, since we must act on the assumption that 
the beneficial result of our interference will probably be limited to the neutralization 
of the toxin which has not yet been firmly anchored to the cells which are susceptible 
to its action. 

In support of this view we may cite such experimental results as those recorded 
by Glenny and Hopkins (see p. 1031). For the same reason we should give thera- 
peutic injections of antitoxin intravenously, intraperit one ally or intramuscularly, 
never subcutaneously, since the relatively slow absorption from the subcutaneous 
tissues will defeat our main objective (see p. 1124). 

It is sometimes taught that the administration of antitoxin is without effect after 
the 5th or 6th day of disease, a dictum based mainly on the figures recorded by Faber 
(1904), which show a progressive increase in case mortality from 7*1 per cent, in patients 
receiving antitoxin on the first day of disease, to 17.0 per cent., 21*3 per cent, and 19*9 
per cent, among those treated on the 6th, 7th and later days respectively. It has, however, 
been pointed out that such hospital statistics are of little value, because there is an important 
element of selection of which they take no account. Cases admitted to hospital on the 
5th day or after will, ipso facto, include a large number of severe infections ; since the 
delay in admission will in most cases be due either to delayed diagnosis, often resulting from 
failure to obtain a medical opinion, or to an unwillingness to resort to hospital. In either 
case those patients who are weU on the “way to recovery by the 5th or 6th day will never 
be admitted, while those who are seriously iU will be transferred to hospital, either because 
a late diagnosis has been arrived at, or because the serious condition of the patient has 
alarmed his friends. 
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There is no justification for withholding antitoxin because a case is in an 
advanced stage, though every effort should be made to ensure that it is given early 
in the disease. 

A system of dosage in common use is that advocated by Park (1921) (see Table 
111) ; but there has been a tendency to increase the amount of antitoxin given in 
the severer type of case as the result of the experience of recent years, and this 
tendency seems likely to continue. Thus, Bie (1922), in an admirable review of the 
evidence in regard to the value of antitoxin treatment in diphtheria, advocates the 
administration of very large total doses (92,000 — 170,000 units). Harries (1945) 
likewise recommends a large single dose, but considers that it should rarely be 
necessary to give more than 50,000 units, provided part or whole of the dose is 
given intravenously. 

TABLE 111 


Units of Antitoxin to be administered to Cases of varying Grades of Severity. 



(After 

Park.) 



Age or Weight 
of Patient. 

I 

1 

Mild. Cases. 

1 

Early 1 

Moderate. ; 

Late Moderate 
and Early 
Severe. 

Severe and 
Malignant. 

Under 2 years. 16-30 

lbs. wt 

2-15 years. 30-90 lbs. wt. 
Adults. 90 lbs. or over . 
Route of administration . 

2.000- 3,000 ! 

3.000- 4,000 i 

3.000- 5,000 ! 
Intramuscular : 

1 

3.000- 5,000 

4.000- 10,000 

5.000- 10,000 
Intravenous 

i 5,000-10,000 

10.000- 15,000 

10.000- 20,000 
Intravenous 

7,500-10,000 

10,000-20,000 

20,000-60,000 

Intravenous 


It might be expected that after some 50 years it would be easy to produce 
irrefutable statistical evidence of the beneficial effects of the antitoxin treatment 
of diphtheria in man. The evidence does, in truth, seem decisive to most of us ; 
that it is still possible to bring forward contrary arguments that are not altogether 
specious is due to the fact that once a strong presumptive case has been made out 
in favour of a particular therapeutic measure it is not justifiable to continue the 
period of trial at a risk of human lives. 

Of the classical studies from the early days of antitoxin treatment, the only one that 
affords an entirely satisfactory basis for comparison is that of Fibiger (1898). For a period 
of one year all cases of diphtheria admitted to hospital were divided into two groups 
by separating those admitted on alternate days. AU cases admitted on one day were 
given antitoxin, all those admitted on the next day were treated without antitoxia, and 
so on throughout the period of trial. The results were as follows : of 239 cases treated 
with antitoxin 8 died, a mortahty of 3*5 per cent. ; of 245 cases treated without anti- 
toxin 30 died, a mortality of 12-25 per cent. Applying the fornfula given on p. 987, the 
difference between the case mortality in the two groups is 8*75 per cent, and the standard 
error of this difference is 2-445 per cent., so that the odds against the difference being 
due to random sampling are several thousands to one (see Table 60, p. 985). 

Other results recorded during the early and middle ’nineties — comparisons 
between the case-fatality rates in hospitals in which antitoxin was given and others 
in which it was not, or between the experience in one hospital before and after the 
introduction of antitoxin — all pointed in the same direction ; and the period of trial 
ended with the adoption of antitoxin as a routine method of treatment. 

If we survey the course of events since that time we find that they strongly 
support the view that the use of antitoxin has resulted in a significant lowering of 
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the case-fatality rate ; but they would hardly be accepted as di'r:iefi>tnttivr pr.>uf 
in the absence of the earlier and controlled trials* 

There is, for instance, the decline m the case-fatality ratf* as ^-hown 'hv r^nirn^ 
of the hospitals of the Metropolitan Asylums Boanl (see TdhH JViL 

TABLE 112 


Year. 


Case Mortality 
per cent. 

Year. 

Case Mortaht 3 
per 

1889 . , . 


40-7 

1909 .... 

94 

1890 . . . 


33-5 

1910 .... 

7 y 

1891 . , . 


30*6 

1911 .... 

8 4 

1892 . . . 


29*3 

1912 .... 

6-2 

1893 . . . 


30-4 

1913 .... 

6-2 

1894 . , . 


29 3 

1914 . . . 

7-9 

1895 . . . 


22-8 

1915 .... 

84 

1896 . , . 


21-2 ^ “ 

1916 .... 

6*8 

1897 . . . 


17-7 

2917 .... 

6*7 

1898 . . . 


15-4 

1918 .... 

7’7 

1899 . . . 


13*9 

1919 .... 

9*3 

1900 . . . 


12-3 

1920 .... 

8-6 

1901 . . . 


IM 

1921 .... 

S-8 

1902 . . . 


11-0 

1922 .... 

S-7 

1903 . . . 


9-7 

1923 .... 

6*S 

1904 . . . 


10-0 

1924 .... 

7*0 

1905 . . . 


8-3 

1925 .... 

5-0 

1906 . . . 


8*8 

1926 .... 

4-9 

1907 . . . 


9-6 

1927 .... 

4-0 

1908 , , . 


9-7 




Antitoxin came into general use about 1895, and the figures suggest that it had 
produced its full effect on the case-fatality rate about 10 years later ; sinee wheit this 
rate has been kept down to a figure of about one-third of that prevailing in pre- 
antitoxin days. But, if we are disposed to be critical, we shall note that the down- 
ward trend had shown itself before the introduction of the antitoxin, and that 
secular trends in case fatality are known to occur apart altogether from the 
introduction of new therapeutic measures — -as in the classical example of scarlet 
fever. 

There is another factor which would add to our doubt. At about the same time 
as antitoxin was coming into general use the basis of diagnosis of diphtheria was 
changing. The introduction of bacteriological methods made it possible to recognize 
as diphtheria many cases that would earlier have been regarded as non-diphtheritic 
anginas. Por this reason the total of recorded cases would tend to be increased by 
the inclusion of many mild infections, and the recorded case mortality would 
automatically fall. 

Somewhat better evidence is afforded by the figures for the mortality rates 
in cases of laryngeal diphtheria, excluding those cases treated by tracheotomy. 
This gives a series of cases in which the clinical signs were alone sufficient to estab- 
lish a diagnosis, and in which the infection may be regarded as uniformly serious. 
In 1894 the mortality in this class of case, in the M.A.B. hospitals, was 62 per cent. ; 
after 1895 it fell, at first rapidly, then less steeply, until in 1910 it was 11-7 per 
cent. (Andrewes et al. 1923). Even here, however, the possible intrusion of other 
factors, such as changes in the proportion of ail laryngeal cases treated by tracheo- 
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tomy, and in the period at which tracheotomy is performed, make it difficult to 
assess the real significance of the recorded figures. 

In any case, the clear historical evidence of long-period fluctuations in the 
severity of diphtheria, as of other infective diseases, forbids us to place too great 
an emphasis on a progressive fall in mortality lasting for a few decades ; and, 
in recent years, there have been signs that the disease is still able to reassert its 
killing power. Deicher and Agulnik (1927), for instance, give figures for a Berlin 
hospital and for one of the districts of that city (see Table 113). 


TABLE 113 


Rudolf Virchow Hospital. 

Year 

1923 

1924 

1925 

1926 

Total cases 

132 

140 

114 

172 

Deaths 

8 

7 

10 

30 

Mortality per cent 

6*1 

5-0 

8*7 

17-4 

Alt Berlin. 

Year 

1923 

1924 

1925 

1926 

Total cases 

1,068 

1,016 

1,109 

1,421 

Mortality per cent 

7-68 

6*9 

8-1 

111 


It is tempting to suggest that this change has been caused by an increase in the pro- 
portion of cases due to the gravis or intermedins types. During the period 1930-32, for 
instance, a severe form of diphtheria was prevalent in Leeds. It was during this epidemic 
that McLeod and his colleagues differentiated the three types, and we have already noted 
that the gravis cases showed a case mortality of 13T per cent., while no deaths occurred 
among the mitis infections. The case-mortality rate for all infections in this series of 
cases, gravis, intermedins and mitis combined, was 10-3 per cent., a figure that may be 
compared with those given in Table 112. Similar figures have been quoted from other 
observers. It is very possible that this explanation is the true one ; but, since we have 
no information with regard to the relative proportion of gravis, intermedins and mitis 
infections during the earlier years of this century, when the prevailing case mortality 
of diphtheria was low, we must wait for further experience before granting it definite 
acceptance. 

We are thus left with a mass of statistical data all of which is compatible with the 
view that the use of antitoxin has had a considerable effect in lowering the mortality 
from diphtheria, but most of which is indecisive. Taking the general trend of this 
evidence with Fibiger’s early observations and adding to it the decisive results 
obtained in animal experiments, we have a sound basis for the conclusion that 
antitoxin provides the best available method of treatment, and that its early 
administration is the essential factor in controlling the clinical disease. The failure 
to establish a statistical case that is beyond criticism merely shows how hard it is 
to assess the real effect of any remedy in any human disease, unless that effect is 
so dramatic as to be immediately and consistently evident. 

In view of recent experience, in Germany, in England and elsewhere, there is, 
however, an obvious need to re-examine the problem with a view to improving, or 
adding to, our present therapeutic reagents. 
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The Standardization of Diphtheria Antitoxin. 

We have already referred to the standardization of diphtli^^rk antitoxiin in our 
discussion of the toxin-antitoxin reaction (pp. *23-^™239j. We noted ttat tLe 
instability of a toxic filtrate renders it quite unsuitable as a .>ta!idard oi 
and that, for this reason among others, Ehrlich's original definition of the unit of 
antitoxin (A.U.) as the smallest cnnoattl of aiditoruL that wiU apolraliz* Jtiij M.L.D. 
of toxin, using the guinea-pig as the test animal, had soon to abai.doned, and ha- 
been replaced by a unit defined in terms of a standard antitoxin. Sucdi a ^tandardi 
antitoxic serum, when dried and preserved ok vnctio in the pre'^erice of pho-pLoru- 
pentoxide, maintains its potency over long periods of time. It has, moreover, 
become a general principle in luological standardization that a reaLnmt. >hii2. 
wherever possible, be assayed by comparing its potency with tliat of a standard 
preparation of the same reagent, to which some unit value has been a-^inuied hv 
international agreement. In the case of diphtheria, Ehrlich's original antituxhi 
was adopted as the international standard. The correct definiriun of a unit r»f 
diphtheria antitoxin is as follows. 

One unit of diphtheria antitoxin (1 A.V.) is contained in that anioant ^f an anfAaxic 
serum that has the same total cotnbining capacity, for toxin and toxoid, as one an it of 
the standard antitoxin. 

Standard antitoxin is now preserved and issued !)y selected In<titut^cs, ami is 
tested from time to time under the auspices of the Biological Standardizatiori 
Commission of the League of Nations (see Report 1923). 

The methods employed in measuring the potency of an antitoxit' serum, and the 
knowledge that has been acquired in their development and use, have played su 
large a part in the evolution of our present methods of controlling the dise<ise that, 
at the cost of some repetition, it is desirable to summarize them here. Three such 
methods are available. Two of them depend on In vivo tests, the third on an 
in vitro titration. 

The first is Ehrlich’s classical method of injecting mixtures of toxin and antitoxin 
subcutaneously into guinea-pigs ; and this method is still the official one in many countries 
(see Report 1923, Prausnitz 1929). It has been found convenient to employ the end-point 
of toxsemic death rather than the end-point of complete neutralization — the rather 

than the Lo dose of toxin (see p. 239). The first procedure is, then, to determine the 
smallest amount of a suitable toxic filtrate that, when mixed with one unit of standard 
antitoxin and injected into a 250 gm. guinea-pig, will, on the average, kill the animal by 
the 4th day. In practice batches of guinea-pigs are injected with each mixture pre|)ared 
and the mixture producing a 50 per cent, mortality, or thereabouts, is regarded as con- 
taining the L+ dose of toxin. The procedure is then reversed. The amount of toxin is 
held constant at the L-f* dose, and the amount of the serum to be tested is varied, again 
using an adequate number of guinea-pigs for each dose in the range within which the 
L 'j- mixture is expected to fall. The amount of serum in the mixture that gives a 50 per 
cent, mortality within 4 days contains one unit of antitoxin. The number of guinea-pigs 
that must be inoculated with any such mixture in order to give an estimate of the unit 
value of an antitoxic serum within a specified margin of error depends on the factors 
considered in Chapter 43. In practice a rough preliminary titration is made, and the 
exact value of the serum is then assessed using larger numbers of guinea-pigs. 

The second method depends upon the observation of Romer (1909) that the intra- 
dermal injection into a guinea-pig of 1/250-1/500 M.L.D. of toxin is followed by a localized 
swelling and erythema. With slightly larger doses, this erythematous reaction is followed 
by definite necrosis. The neutralization of toxin by antitoxin prevents this reaction. 
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The great advantage of this method is that it allows the toxicity of several different mixtures 
to he tested on a single guinea-pig, and thus not only economizes animals hut eliminates 
much of the difficulty due to differences m susceptihihty between one guinea-pig and 
another. The successive steps in the process of standardization do not differ in any 
essential from those followed m the Ehrlich method. Varying amounts of a suitable 
toxin are first mixed with one unit of the standard antitoxin and 0*2 ml. of each mixture 
is injected into the depilated skin of a guinea-pig. The amount of toxin in the mixture 
that gives a mini m al skin reaction is noted. This amount of toxin has been defined by 
Glenny and Allen (1921) as the Lr dose. A series of mixtures is now prepared in which 
the Lr dose of toxin is mixed with varying amounts of the serum under test, and 0-2 ml 
of each of these mixtures is injected intradermally into another guinea-pig. The amount 
of serum in that mixture that gives a minimal skin reaction contains one unit of antitoxin. 
In practice it is customary to use fractions of l.A.U. and corresponding fractions of the 
Lr dose of toxin, in order to avoid the administration of lethal doses of toxin in the mixtures 
containing toxin in excess. 

The third method depends on the observation of Ramon (1922) that a satisfactory 
measure of the combming powder of an antitoxic serum can be obtained by mixing falling 
amounts of the serum with a constant amount of toxin and noting the ratio of one reagent 
to the other m the tube that first shows flocculation. This is the method of optimal 
proportions (see p. 202), Glenny and Okell (1924) (see also Glenny and Wallace 1925) 
have suggested that the amount of toxin corresponding to one unit of antitoxin in the 
mixture that shows optimal flocculation when tested by the Ramon method should be 
called the Lf dose. The procedure with this in vitro test is essentially the same as with 
either of the in viio methods. The Lf dose of a suitable toxic filtrate is determined by 
titration against the standard antitoxin. The amount of the serum under test that 
gives optimal flocculation with the Lf dose of toxin is determined by a second titration. 
This amount of serum contains one unit of antitoxin. 

Table 114 (see Glenny 1925) sets out the units (or named doses) employed in testing 
diphtheria toxin and antitoxin. The meaning to be attached to the Schick dose has 
been considered on p. 1377. 


TABLE 114 
(After Glenny 1925.) 


Character measured. 

Unit or Dose. 

Result of Inoculation in Guinea-pig. [ 

Toxin. 

Antitoxin. 

Toxicity . 


_ 

Death on 4th day. 

„ ... 

M.R.B. 

— 

Minimal skin reaction. 

Combining power 

L + dose 

1 A.IJ. 

Mixture causes death on 4th day. 

ff »» 

Lo „ 

1 A.U. 

Mixture causes minimal oedema. i 

»> »» 

Lr „ 

1 ATT. 

Mixture causes minimal skin reaction. 

1 

1 JJ 

Lf 

Schick „ 

1 A.TJ. 

0-001 A.XJ. 

Mixture gives optimal proportions for 
flocculation. 


The comparison of large numbers of different antitoxic sera — ^natural or concentrated 
— by these different methods has brought to light facts of considerable theoretical and 
practical importance. The L+ dose of toxin is always appreciably larger than the Lo 
dose. The Lr dose of toxin always approximates closely to the Lo dose, as would be 
expected, since a very small excess of unneutralized toxin will elicit the Romer reaction. 
The Lf dose is, in general, slightly less than the Lr dose. Glenny (1925) notes the following 
relation between the various doses of an average toxic filtrate : L+ dose = 0*21 ml., 
Lo dose = 0*18 ml, Lr dose == 0T75 ml., Lf dose = 0-155 ml. The ratio of the Lf 
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dose to any of the in vivo doses is not constant for all toxic filtrah^s. Antitoxin jives 
flocculation with both toxin and toxoid while the detennination of the L — , Lo and Lr 
doses depends on the presence of unneutralized toxin, and is heri^e affected by differ- 
ences in the proportion of toxin to toxoid. iMoreover, as was shown by (dennv, 
and Waddington {J925), not only does the Lf/Lr ratio vary from one toxic filtrate to 
another, when these are tested against the same serum, but the Lf Lr ratio uf a -injie 
toxic fi.ltrate varies when it is tested against different antitoxic sera. It follows that, 
when sera are compared with one another by in mvo and m vitro methods, their ap[»ircrJ 
relative potency may vary according to the method of comparison enif>loyt‘d : .ind, -.rflii 
, in vitro value 

such sera, the ratio — wdl vary from one serum to an jtlicr. (Ileiinv and 

in VIVO value 

his colleagues note that they have obtained in rdro in vivo ratios varyiijj from 04 
2*0 with different antitoxic sera, and that, in general, if the Ehrlieii viliie ib coriMU^wahly 
higher than the Eamon value i.e. if the in viboOn vho ratio is low, the seraiii will be 
found to give rapid flocculation ; while, if the Ramon value k liigk-r than the Ehrll Ii 
value, the scrum will be found to give very slow flocculatiun and the toxiri-antituxiii com- 
plex will show considerable dissociation on simple dilution. In their later papers, ^ienny 
and his colleagues use the inverse ratio — in vivo ^ in vitro — so that a serum with a ratio 
greater than unity has a greater protective action than its flocculatiun value wruild h*ad 
one to expect. 

Such findings as these clearly raise the question as to whether the protective actiun 
of an antitoxic serum is determmed solely by its antitoxic content, as measured by one or 
other of the methods commonly employed. This question has been discussed on p. 1030, 
where it was noted that antitoxic sera may differ in avidibh as ueii as in their total capacity 
for neutralizing toxin. It was noted also that this avidity appears to be determined by 
the firmness of the toxin-antitoxin union, and that avid sera (those tliat unite firmly with 
toxin) are more effective than non-avid sera, those that form a loose union with t jxin. 

The avidity of antitoxic sera appears to be determined, at least in part, by the type 
of serum protein with w’-hich the antitoxin is associated. Thus (Barr and Glcnny 193 hi, 
6, Glenny and Barr 1932, Glenny et al. 1932) if successive globulin fractions are precipitated 
with increasing amounts of ammonium sulphate, the earlier fractions show a higher in 
vivo jin vitro ratio, a higher dilution ratio and a greater curative power in rabbits than the 
original serum, while the avidity as judged hy these tests decreases with each successive 
fraction precipitated. 

Non-avid sera do not form a high proportion of the aiitidiphtheria sera obtained in 
routine serum production, and Glenny and his colleagues note that they are usually derived 
from horses that have proved difficult to immunize. With other antitoxic sera f see Glenny 
et al. 1932) it wmuid seem that they may occur more frequently. 

Interesting light has been thro'wm on these findings by the more recent observations 
of Kekwick and his colleagues (Kekwick and Record 1940, Kekwick et ah 1941). They 
find that, of the three globulin fractions separable by the electrophoretic method from 
diphtheria antitoxic horse serum, the a component has no detectable antitoxic activity. 
The antitoxic jd and y components, which together account for the total activity of the 
serum, differ from each other in several respects, notably in their fiocculation time, the 
composition of their floccules, and their in vivo/in vitro ratio. The y component floccu- 
lates more rapidly in the presence of toxin, and has therefore a higher in vivo fin vitro 
ratio ; the fioccules formed contain twice as much antitoxin nitrogen as those formed by 
the globulin. In the horse’s serum the y component appears earlier during the course 
of immunization than the p, which, however, continues to increase as further injections 
of toxoid are given. The y antitoxin precipitates at lower salt concentrations than the 
antitoxin, and tends therefore, during the ordinary concentration process, to be salted 
out with the euglobulin fraction and discarded, so that the bulk of the antitoxin remaining 
in the pseudoglobulin fraction is of the ^ type. The proteoljiiic method used in the prepara- 
tion of refined serum also favours the retention of the § at the expense of the y antitoxin. 
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It is apparent that the proportion of the p and y components in different batches of 
therapeutic serum is subject to variation. The suggestion is that the avidity of the serum 
is determined to some extent by the proportion of y globulin, and that batches of sera 
high in this respect are likely to be of greater therapeutic efficacy than others containing 
mainly ^ globulin. Such an explanation is not inconsistent with McSweeney’s (1941) 
observations on the successful results obtained with a particular serum in the treatment 
of cases of hypertoxic diphtheria (see also Trevan 1941). 

Those findings do not,^of course, lessen the importance of determining the antitoxin 
content of a serum in terms of standard units, or of producing sera with the highest 
possible antitoxin content. We clearly want to know how many units we are giving, and 
to give as many units as we can. They do suggest that the protective or curative value 
of a serum is not always completely described by stating the number of units it contains ; 
and it may prove desirable in the future to adopt some standard of avidity in addition to 
our standard of content. 

The Treatment of Carriers. 

Thomson, Mann, and Marriner (1928-29) found that a high proportion of pure 
throat carriers became negative after tonsillectomy. Valuable as this method is, 
it is limited in its application to throat carriers, who constitute only about 10 per 
cent, of the total. Up till recently little could be done to free the nasal carrier, 
but the introduction by Delafield, Straker and Topley (1941) of sulphonamide 
snnffi has revolutionized the treatment of these patients. The inhalation of 33 
per cent, sulphathiazole in 67 per cent, magnesium carbonate about 6 times a day 
cures the great majority of nasal carriers within a fortnight. If an associated 
haemolytic streptococcal infection is present it may be advisable to use pure sulpha- 
nilamide snuff, as recommended by Boissard and Fry (1942). 

The Epidemiology of Diphtheria. 

Before discussing the prophylaxis of diphtheria it is necessary to have in our 
minds a picture of how the disease behaves under natural conditions. This picture, 
as it has been presented to us by the combined studies of bacteriologists and 
epidemiologists, using the Schick test and the throat swab, is far more detailed 
and informative than the corresponding picture that we possess for other diseases. 
For this reason it was selected as an illustrative example in our general discussion 
of herd infection and herd immunity in Chapter 56, and reference should be made 
to that chapter. "We may add here a few additional particulars with regard to the 
natural history of the disease, that were not relevant to the more general discussion. 

Diphtheria is a disease which shows a characteristic age incidence. (Green- 
wood (see Andre wes et al. 1923) has calculated the probability of being attacked 
by diphtheria at different ages for three samples of the population, in different 
places and at different times. The figures selected were those for Breslau (1886- 
90), Manchester (1911-12), and London (1910-12). In the case of London the rates 
for males and females were calculated separately. In Breslau the peak of the 
curve falls in the age group 2-3, with a slight decline in the group 3-4. In Man- 
chester the maximum is at 3-4, with a slight decline at 4-5. In London the 
maximum for both sexes is at ages 4-5. AU four curves are defimitely skew, the 
mode falling well to the left. Diphtheria is rare during the first year of life, and 
then becomes increasingly frequent until the maximum frequency is reached 
somewhere between the 2nd and 5th year. The incidence declines slowly until 
the age group 5-10, then rapidly during the age group 10-15, after which the 
probability of contracting diphtheria is small. It becomes still smaller in the age 
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group 15-20, and remains at a very low level during the rest of life. These figures, 
it must be realized, refer to the beha^-iour of diphtheria before the introduction 
of artificial immunization. The distribution of clinical cases of disease in a popu- 
lation a considerable proportion of which has received prophylactic inocuiatioii 
is usually very different, and is determined largely by the age and sex of the unpro- 
tected members of the community. 

Apart from this variation in susceptibility at different ages, diphtheria shovs 
a curious capriciousness in its incidence among small communities containing many 
members of susceptible age. The attack rate among those exposed to risk mav 
be very low, and varies very widely from one outbreak to another. 

Diphtheria is not markedly associated with density of population, if we measure 
that elusive variable by computing the total population within some unit area ; 
indeed, over considerable periods in its history, the disease has shown a marked 
predilection for rural as opposed to urban conditions. It is, however, typically 
a disease of schools, and of institutions where children are herded together at 
susceptible ages. Moreover, a particular school or institution may form an endemic 
centre of the disease for a period of months or years. 

Under conditions in which the majority of cases of clinical diphtheria are 
removed to an isolation hospital, it is probable that the spread of the disease is 
due mainly to the occurrence of carriers (see Savage 1909, Doull and Lara 1925). 
We have previously given figures for the frequency of carriers of C. diphiherim 
among various classes of contact, and among the population at large. The carrier 
state is by no means confined to those who have themselves passed through an 
attack of disease ; but, since the diagnosis of clinical diphtheria at once brings 
a patient under observation, and involves some degree of control and a considerable 
degree of responsibility on the part of the medical authorities, it is of interest to 
note the rate at which the proportion of carriers decreases during and after 
convalescence. 


An investigation carried out by Hartley and Martin (1919-20) lias yielded valuable 
information on this point. The study was made on 457 young adults suffering from 
faucial diphtheria. A swab was taken on the day of admission, and every 7th day there- 
after, till three successive negative results were obtained. The time at which any individual 
ceased to carry C. diphtlierice w^as calculated as being half-way between the last positive 
and the first of three successive negative swabs. The data were complete for tiie first 50 
days, after which some of the patients were no longer under observation. The results 
were plotted in the ordinary way, using either the numbers still carrying, or the logarithms 
of those numbers, as ordinates, and time as abscissse. It was found that the latter curve 
after the first fi^ve days from admission, gave a close approximation to a straight line. 

log n-, — log T- t 

The general form of the equation of such a curve is j = K, where and 


Tig are the numbers carrying at times and fg. If we take time as measured from the 
fifth day after admission, this may be expressed in the form 

log n = log n' — K^, 


where n is the number carrying on any given day, n' is the number carrying on the 5th 
day, and t is the time interval in days measured from the fifth. The equation to the 
curve which gave the best fit was calculated by Greenumod as 

log n = 2*6002 — 0*0218 t. 

The observed and calculated number of carriers for the first 50 days were as given in 
Table 116. 
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TABLE 115 


Days after Admission. 

Number carrying 
(observed). 

Number carrying 
(calculated). 

5 

392 

_ 

10 

302 

310 

15 

232 

242 

,20 

194 

189 

*25 

156 

147 

30 

118 

115 

35 

92 

89 

, 40 

70 

70 

45 

52 

54 

50 

41 

42 


The agreement is ohTiously very close, and such a relationship between lapse of time 
and the disappearance of bacilli suggests that this disappearance is due to the operation 
of a large number of small causes acting independently, in other words to chance. It 
would seem that a person who has carried 0. diphtherice for 6 weeks or more is, on 
the average, just as likely to become free during the next few days as another who has 
carried for only a week. There are, however, as Hartley and Martin point out, a few 
persons with obviously unhealthy tonsils who carry persistently, but cease to carry after 
tonsillectomy. 

It may be noted that the constant 0-0218 in the formula quoted above indicates 
that about 5 per cent, of those carrying on any one day have ceased to carry on the day 
following. In order to determine whether this rate of clearing held true in general, or 
applied only to this particular sample, data collected from various published reports were 
analysed in the same way. It was found that the general form of the curve was very similar 
in each case, i.e. the logarithmic relation between carrier rate and time held good, but 
the value of the constant varied very widely, such figures as 0*018, 0*093, and 0*202 being 
obtained. Some adjustment is necessary because, in certain of these series, the test of 
clearance was a single negative swab, but the value of the constant in Hartley and Martin’s 
series w^ould only be altered to 0*032 on this basis, so that the rate of clearing under different 
conditions varies considerably, a fact which seems to merit further investigation. 

A larger and equally illuminating series of figures recording the apparent rate of dis- 
appearance of diphtheria bacilli in convalescents at the North-Eastern Hospital has been 
published by Thomson, Mann and Marriner (1928-29). Nose and throat swabs from 
proved cases of diphtheria were taken once during the 2nd and once during the 3rd week, 
and after that twice a week till six consecutive negative cultures had been obtained. Cases 
in which the bacOli persisted for over 12 weeks from the beginning of the illness were 
regarded as carriers. Of 3,208 cases investigated, 242, or 7*5 per cent., became carriers. 
Table 116 shows the proportion of cases, exclusive of carriers, that became negative in 
successive weeks. 

It will be seen that infection disappeared from the throat much quicker than from 
the nose. Analysis of these figures showed that when the throat only was affected the 
rate of clearance was practically the same at aU ages, but that when the nose or nose and 
throat were affected the rate of clearance was slower in younger than in older patients. 
Of 285 carriers on which information is afforded, including the 242 already mentioned, 
255, or 89*5 per cent., were infected in the nose or nose and throat, 26 in the throat only, 
and 4 in the ear only. The average time spent in hospital was roughly 7 months, and 
the longest 21 months. The age distribution of the total cases is not given, but it is men- 
tioned that 55*7 per cent, of the carriers were under 7 years of age and only 4*5 per cent, 
over 13 years of age. 
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TABLE 116. 

L-’roportion of Convalescents becoming Negative eac’h Week. 


Within 

2nd week 

1 

1 2so. 

1 861 

Throat. 

49 9 

Nose, or Nose and Throat. 

Nu. 

29S 24-0 

5? 

3rd 

i 255 

14 S 

1511 

!2'S 

9? 

4th 

1 254 

' 14-7 

1S4 

14 8 


5th 

13S 

SO 

158 

12 7 


0th ,, .... 

86 

5-0 

136 

11 0 


7 th 

46 

2-7 

97 

7 8 

,, 

8th „ . ... 

41 

2-4 

52 

4 2 

>9 

9 th 

18 

1 0 

51 

4 1 

>9 

10th „ 

15 

0-9 

45 

3-6 


11th 

5 

0-3 

32 

2-6 


12th 

7 

0-4 

28 

2*3 


Total 

1,726 

100-1 

1,240 

99 9 


Wright (1941a), who records his experience at Liverpool on the rate of disappearance 
of diphtheria bacilli from the nose or throat of 311 convalescent patients, obtained resolts 
similar to those recorded by Hartley and Martin (1919-20). He made the interesting 
observation that clearance was most rapid in patients infected with the initrmedvLS, and 
slowest in those infected with the gravis type. Examining swabs taken at weekly intervals 
and inoculated on to teiluiite blood agar slopes, he found that a negative result w\as often 
followed by a positive, and that in 2-5 per cent, of patients three successive negatives 
were foliow^ed by a positive. The customary demand for three consecutive negative 
results does not therefore ensure freedom of the patient from infection on discharge. The 
unfavourable effect of an associated hsemolytic streptococcal infection on the persistence 
of diphtheria bacilli, especially in the nose, has been commented on by Boissard and 
Fry (1941, 1942). 

We have already noted the effect of closeness of contact on the carrier rate. 
It may be added that the investigation of epidemics in institutions suggests that 
this factor is of great importance, both in regard to the production of carriers and 
of actual cases of disease. It would seem that duration of contact must be 
considered as one aspect of this problem ; and there is good evidence that contact 
of the type which is exemplified by the case of boys sleeping in a single dormitory 
is enormously more important than casual or momentary contact during working 
hours (Dudley 1923). 

In concluding this section we may consider the importance of fumites in the 
spread of diphtheria. From the case of the child^s box of bricks, reported by 
Abel in 1893, there have been instances in which it seemed possible to incriminate 
a particular article as a disseminator of infection. Yery occasionally, as in the case 
of the common supply of penholders for a number of schoolboys recorded by 
Dudley (1923), it would appear that such a mode of transmission may have played 
a significant part. In general, however, the balance of evidence would appear to 
be heavily against the view that fomites play any significant role in the spread 
of the disease ; and there is nothing to suggest that stringency of disinfection 
would make any appreciable impression on its incidence. An exception must, 
however, be made for dust, which observations by Wright and his colleagues at 
Liverpool (Wright, Shone, and Tucker 1941, Crosbie and Wright 1941) have shown 
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to be a grave source of danger in hospitals and other institutions. Crosbie and 
Wright were able to isolate diphtheria bacilli in large numbers from floor dust 
in the neighbourhood of diphtheria patients, and to show that they might remain 
fully virulent for as long as five weeks. They are of the opinion that floor dust 
distributed by sweeping and blanket dust liberated during the making of beds 
may play an even more important part in cross-infection in diphtheria wards 
than the direct transmission of droplets from patient to patient. Measures to 
reduce aerial infection by dust, such as the application of heavy oil to the floors 
(van den Ende, Lush and Edward 1940, Thomas 1941) and to the blankets (van- 
den Ende and Thomas 1941) hold out some promise of success, though so far no 
simple method for destroying diphtheria bacilH in the dust itself has yet been 
devised. 

The Spread of Diphtheria by Domestic Animals. — It was at one time believed 
that certain domestic animals played a significant part in the spread of diphtheria, 
but most of the evidence on which this belief was based has been shown to be 
erroneous. It is now clear that Klein’s (1889) statements with regard to 
diphtheria in the cat were incorrect, and Savage (1919-20) has shown that this 
animal is extremely resistant to infection by feeding, by intranasal injection, or 
by swabbing the throat with living culture. There is, indeed, little evidence that 
it ever contracts or transmits the disease, though one or two suggestive cases 
have been recorded by Simmons (1920). The domestic fowl was credited with 
similar malign potentialities, a belief that probably arose as the result of a super- 
ficial similarity between ‘‘ fowl diphtheria ” and the human disease. The fowl 
disease is now known to be caused by a filtrable virus, and the generally accepted 
view is that fowls can be disregarded as a potential source of infection. A report 
by Litterer (1925) does, however, suggest that these birds may sometimes harbour 
virulent C, diphtherice. In two instances he isolated diphtheria bacilli from the 
throat of several fowls, kept by families among which a case of diphtheria had 
occurred. The bacilli were fully virulent as tested by the inoculation of guinea- 
pigs, controlled by protection with diphtheria antitoxin. Some of these fowls were 
obviously ill, and showed typical membranes. They recovered rapidly after in- 
jection with antitoxin. Attempts to reproduce the disease in healthy fowls by 
swabbing the throat with virulent C. diphtherice, with or without previous scarifica- 
tion, were uniformly unsuccessful. Thirty fowls sufiering from roup were treated 
in a similar manner. In five cases a typical membrane was produced. If similar 
results are recorded by other investigators it may be necessary to consider the 
possibility of the fowl playing some part in the spread of the disease in exceptional 
circumstances ; but it seems altogether unlikely that this part is a significant one 
from the epidemiological point of view. 

We have referred (see Chapter 49) to the occasional isolation of virulent diph- 
theria bacilli from the horse, but here again there is no evidence that such infection 
has any appreciable effect on the incidence of the disease in man. 

Similarly, the demonstration by Ramon and Erber (1934) and by Dold and 
Weigmann (1934) of virulent diphtheria bacilli in the throats of monheys has little 
significance in relation to human infection under ordinary conditions of life. 

The cow is in a different category, since the general consumption of milk 
renders any infection of this animal of particular importance. The earher records 
of diphtheria in the cow may be safely disregarded, since the nature of the disease 
was never fully established, and the conditions described were, in most instances, 
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subsequently shown to be due to quite difierent causes. It is now reasonably 
certain that the cow does not naturally suffer from any form of infection with 
G. di'plitJiericB, and that the only lesion in this animal which has any significance 
in the spread of the disease is the occasional infection of pre-existing superficial 
lesions on the teats from the hands of a milker who is suffering from the disease* 
or is carrying virulent bacilli. The existence of these lesions has been recorded 
by Dean and Todd (1902), Ashby (1906) and Henry (1920), and the authors have 
met with one instance of this condition. In all cases the virulence of the bacilli 
has been established. Such infected wounds, when they occur, are of obvious im- 
portance as forming a persistent focus from which the milk is likely to be infected ; 
and in the cases recorded the lesions have been detected during the investigation 
of a milk-borne epidemic. In the majority of the cases in which an epidemic of 
diphtheria is traceable to an infected milk supply it is probable that the original 
source of the bacilli has been a human carrier, who has handled the milk at sonn* 
fcime during its preparation. 

It may be added that the incrimination of the milk rests, in almost all instances, 
on epidemiological evidence. The isolation of 0. diphtlierm from milk, even 
when a particular supply is under grave suspicion, has in the past been very un- 
common ; nevertheless a few successful results have been reported (Bowhill 
1899, Eyre 1899, Marshall 1907, McSweeney and Morgan 1928). With the 
introduction of tellurite medium the technical difficulties of isolation are greatly 
reduced, as is shown by the reports of Fry (1941) and Goldie and Maddoek (1943). 
There remains, however, the difficulty that the actual milk which conveyed the 
infection is seldom, if ever, available for examination at the time when attention 
has been drawn to it, so that unless the contamination continues for some days 
an infected sample is unhkely to he forthcoming. It must be emphasized that 
the identification of a diphtheria-like bacillus isolated from milk requires the 
most stringent tests. Ho organism derived from such a source should be reported 
as 0. difhthericB until its character has been established by a properly controlled 
virulence test. 

Prophylaxis in Diphtheria. 

Our present methods of controUing diphtheria as a herd disease depend on 
the isolation of patients, the segregation of recognized carriers, and prophylactic 
immunization. The last method comprises both active immunization by means 
of an antigenic preparation now usually referred to as diphtheria prophylactic, 
and passive immunization conferred by the injection of antitoxic serum. Passive 
immunization, because of its transitory nature, has a very restricted application 
and will be dealt with later (p. 1401). For aU ordinary field purposes active immun- 
ization is employed, ikn adequate understanding of the principles that govern 
the appheation of this method to the control of the disease is so important to the 
medical practitioner and the medical officer of health that the relevant data must 
be set out in some detail. We shall begin by describing the various forms of 
diphtheria prophylactic and their standardization, proceed to a consideration of 
their application under varying conditions in practice, and then discuss some of 
the results that have followed their use in mass immunization. 

The Various Forms of Diphtheria Prophylactic. 

As early as 1892 von Behring and Wernicke show^ed that susceptible animals 
might be safely immunized by inoculating them with increasing doses of living 
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culture after a protective dose of antitoxic serum. Six years later Nikanaroif 
reported successful results from tlie inoculation of a few doses of toxin neutralized 
with antitoxin ; and Dreyer, in 1900, proposed the use of toxin-antitoxin mixtures 
during the early stages of antitoxin production in horses. For various reasons 
there was a long lag before similar methods were applied to man ; and it was 
not till 1913, when von Behring reported the successful use of a toxin-antitoxin 
mixture for the immunization of children, that inoculation against diphtheria 
entered the field of prophylactic medicine. From then onwards the use of such 
mixtures for the active immunization of children developed very rapidly, particu- 
larly in the United States under the influence of Park and Zingher (Park 1913, 
1918, 1922, Park and Zingher 1915, 1916, Zingher 1921, 1922). Toxin-antitoxin 
mixtures were found to be not without danger (see Park and Schroder 1932), and 
after the discovery by Glenny and Siidmersen (1921), Glenny and Hopkins (1923), 
and Eamon (1923, 1928) that diphtheria toxin could be so altered by treatment 
with formalin as to deprive it of its toxicity without destroying its antigenic power, 
formol toxoid, or anatoxin as it is called in French-speaking countries, gradually 
began to replace the older mixtures. The further demonstration by Glenny (1930) 
that formol toxoid could be improved by precipitation with alum has now placed 
at oui disposal an agent of high antigenic potency which, when properly prepared 
and used, can be relied upon to give a fairly high degree of protection against 
diphtheria. 

Toxin-Antitoxin Mixture. — In preparations of this class sufficient antitoxin is added 
to neutralize the toxic effects of the toxin without completely destroying its antigenic 
activity. The toxin, that is to say, is under-neutralized. Though very satisfactory results 
have been obtained by the use of such mixtures, a few accidents have shown that the 
union of toxin and antitoxin is unstable and is liable to be disturbed by unsuitable methods 
of preparation or of storage. In one instance, in which 5 deaths and 40 serious reactions 
followed the use of this prophylactic (see Fcrbes 1927), it was found that, in forgetfulness 
of the Danysz phenomenon, the toxin had been added in fractions to obtain the correct 
toxin-antitoxin ratio. In another instance a particular phial of toxin-antitoxin mixture 
that had been frozen was found to have caused severe constitutional reactions, whereas 
other phials of the same batch that had not been frozen had been used without any un- 
toward results. Further investigations revealed that the freezing of such mixtures fre- 
quently resulted in a considerable rise in toxicity. Pope (1927) has shown that this 
phenomenon is dependent, in part at least, on a separation of the phenol during freezing ; 
this leads to a local concentration greatly in excess of the 0*5 per cent, or so added for 
preservative purposes, and to a consequent destruction of antitoxin, which is more sensi- 
tive than toxin to phenolization. Observations recorded hy Robinson and White (1928) 
indicate that, even in the absence of added phenol, dissociation of toxin-antitoxin mixtures 
may occur on freezing, the degree of dissociation depending apparently on the concen- 
tration of the mixture. A dose of toxin equivalent to 12 M.L.D. for a guinea-pig may 
be fatal to a child (Schmidt 1942). 

Formol Toxoid. F. T. — ^Thisis prepared by treatment of culture filtrates with formalin 
in a concentration dependmg on the amount of amino-nitrogen present. The pH of the 
toxin is adjusted to 7 *4-7 *6, and the formolized mixture is incubated for 3-4 weelss at 
37-38° C. untn the product, as judged by the intracutaneous inoculation of guinea-pigs 
and rabbits, is devoid of all residual toxicity (Barr, Pope, Glenny and Linggood 1941). 
The chemical changes involved in the conversion of toxin into toxoid are still imperfectly 
understood, but reference may be made to the observations on this subject of Kissin and 
Bronstein (1928, 1930), Hewitt (1930), Bunney (1931), and Schmidt (1933a, 6, c). 
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Toxoid-Antitoxin Mixture.— The addition of antitoxin to fonnol toxrdd is an empirical 
attempt to obtain a reagent that induces an effective immunity i\ithout causing a trouble- 
some local reaction, as formol toxoid alone may do, and without running the rhk of {lancer 
following possible dissociation, such as attends the use of a toxin-antitoxin niixturca It 
has been developed mainly in Great Britain; in the United States its advantaa^e over 
simple formol toxoid has always seemed questionable. It is frequently desisuated T.A.M., 
but since this abbreviation is also employed by some workers for toxiii-aiititf»xiii mixture, 
it is better avoided unless the particular prophylactic to which it is intended to refer is 
specifically mentioned. 

Toxoid-Antitoxin Flocculss. T.A.F.— This is a suspension of the precipitate of A >ceules 
that are formed when toxoid and antitoxin are mixed in appropriate neiitiviliziiig 
The elimination of much of the non-specific serum protein and bacillary jirodiicts present 
in toxoid-antitoxin mixtures results in a product that combines effe^'tiveiiess wutli a 
minimum of unpleasant local effects (see Glenny and Pope 1927, Swyer 1931. l)iidl“y 
1932, Underwood 1934, and others). 

Alum-Precipitated Toxoid. A.P.T. — The use of alum-precipitated toxoid for active 
immunization in man followed the demonstration by Gleimy (1930) that this reagent was 
extremely effective in inducing immunity in experimental animals (see also rdeuiiy and 
Barr 1931, Glenny et aL 1931). Its high potency appears to be due to delaye<l a!»s(>rptiou 
of the precipitated toxoid from the site of inoculation, with a conse<|uent proloniratujn of 
the antigenic stimulus. It consists essentially of a suspension of the precipitate 

produced by the addition of alum to formol toxoid. Considerable care lias to be exercised 
over its preparation, and exposure of the toxoid to acid or to phenol, such as is inlienuit 
in the method described by Watson, Taggart, and Shaw (1941), must be avoided iGleuuy 
et ah 1926, Hartley 1935.'t, Barr et ah 1941). Fortunately Glenny and his colleagues {Barr, 
Pope, Glenny and Linggood 1941) have provided a detailed description of how A.P.T. 
should be made, and the resulting product has been proved by field triaU to be both effective 
and reliable (see also Pope and Linggood 1939, and Seal and Johnson 1941 on piiriiicatioii 
of toxoid and A.P.T.). 

Active Immunization. 

To produce a high degree of iminuiiity against diphtheria by prophylactic 
inoculation, account must be taken of the nature of the prophylactic, the dosagig 
and the interval between the doses. Other factors, such as the latent immuniza- 
bility of the population (Dudley, May, and O'Flymi 1934), and possibly the volurne 
of the fluid in which the prophylactic agent is injected (Hartley 19356), may influ- 
ence the result, but need not be considered here. 

Of chief importance is the antigenic quality of the prophylactic. As was pointed 
out in the last section, methods of standardization are still imperfect, and unless 
a high standard is set, batches of prophylactic may be issued that are unable to 
stimulate a satisfactory immune response. Even an increase in dosage as much 
as fivefold may fail to atone for a qualitatively poor antigen (Fulton et ah 1942). 
To Schick-positive subjects who do not react to heated toxin the same domge 
may be given irrespective of age. In Schick-negative subjects who are being 
given a single re-infoicing dose, and in Sckick-positive subjects wiio give a pseudo 
reaction or a Moloney reaction (see p. 1396), it is usually wise to inject a smaller 
dose in older children and adults than in young children. Toxin-antitoxin and 
toxoid-antitoxin mixtures, toxoid-antitoxin floccules, and formol toxoid are best 
administered in three doses at 3-week intervals, the first two in doses of 0-5, Ml 
and 1-0 ml., T.A.F. in 1 ml, doses, and F.T. in (Joses of 0-2--0-5 ml., 0*5 and 1-0 ml. 
Alum-precipitated toxoid can be safely relied upon to produce a corresponding. 
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or even Mgher, degree of immunity in two doses of 0-2 and 0-5 ml. at 4-weeks’ 
interval. In tke early days it was often used in a single dose of 0‘5“1*0 ml., but 
experience showed the results to be unsatisfactory, and the method is now seldom 
recommended except in special circumstances (see Report 1940). 

The choice of prophylactic and the dosage are determined partly by their 
immunizing power and partly by the local or constitutional reaction to which they 
give rise. Though exact comparative data are lacking, there is reason to believe 
that toxoid-antitoxin mixture and toxoid-antitoxin floccules cause the least tissue 
reaction and that alum-precipitated toxoid causes the most. In general, there- 
fore, it is wise to use the former for Schick-negative subjects, for pseudo-reactors, 
and for adults whose Schick-reaction is unknown, and to use formol toxoid, or 
preferably A.R.T., for the rest. 

The interval between the doses has been shown by numerous workers to play a 
decisive part in determining the degree of antibody response (for references see 
Lewis 1941). In a Schick-positive subject who has had no previous experience of 
the diphtheria bacillus, the first dose of prophylactic has the effect merely of sensi- 
tizing the antibody-forming apparatus. The second dose, provided time has been 
allowed for adequate sensitization to take place, is followed rapidly by the appear- 
ance of antitoxin in the circulating blood and the conversion of the Schick-positive 
to the Schick-negative state. Sensitization is a slow process and till it is complete 
the full effect of the second dose of antigen will not be experienced ; once, however, 
it is established, it is relatively immaterial how’ long the second dose is delayed. 

Several careful studies have been made on the efficacy of different types of 
diphtheria prophylactic, as judged by the Schick-conversion rate or by the amount 
of antitoxin appearing in the blood serum (see, for example, Park and Zingher 
1915, 1916, Park 1922, Ramon 1926, Kundratitz 1927, Parish and Okell 1928, 
Martin, Loiseau, and Laffaille 1928, Ramon and Debre 1931, Seligmann 1931, 
McGinnes, Stebbins, and Hart 1934, Haine 1935, Fraser and Halpern 1935, 1937, 
Jensen 1937, Farago 1940, and for references to results of two doses of A.P.T 
Poch and Schmid 1938, Chesney 1939, Fulton et al. 1941, Lewis 1941, Volk and 
Bunney 1939, 1942a, Freeman 1942). The findings may be summarized by saying 
that two properly spaced doses of A.P.T. result in an average Schick-conversion 
rate of about 98 per cent., whereas with other prophylactics this high rate may be 
closely approached, but is seldom equalled. 

The duration of immunity is dependent not only upon the type of prophylactic, 
but upon the subsequent exposure of the inoculated subject to infection with the 
diphtheria bacillus. In a community in which there is much diphtheria or a high 
carrier rate the immunizing mechanism is likely to receive more or less frequent 
stimuli, which will have the effect of re-inforcing the immunity conferred by the 
prophylactic. On the other hand, in communities with little or no experience 
of diphtheritic infection, the antitoxin content of inoculated subjects may be 
expected to fall progressively (see Jensen 1933a, h) and the Schick reaction to 
revert to positive. It is not surprising, therefore, that the results recorded by 
different workers are not in complete accord. Some observers, for example, like 
Park (1922), working in densely populated cities, have had few Schick relapses 
over a period of many years, whereas others, working in areas where there has 
been little diphtheria infection, have had high relapse rates. Thus Fraser and 
Brandon (1936), in Canada, found that of children who had received three doses 
of formol toxoid fi.ve years previously, and who had not been exposed to infection 
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since, 34 per cent, had reverted to the Schick-positive state. Similar results 
are recorded by Schwartz and Janney (1938) and Volk and Bumiey (19426) in 
the United States, and by Sigurjonsson (1939) in Iceland (see also^ Parish and 
Okell 1928, Cooke 1936, Jones 1936-37, Christie 1940, hTeAuus and VcGratfi 1940, 
Duke and Stott 1943). Generally speaking, we may say that in children properly 
immunized with two doses of A.P.T. and not exposed to diphtheritic infection 
the Schick-relapse rate should not exceed 5 per cent, per year. Since immunity 
cannot be relied upon to last indefinitely, it is wise to reinoculate children every 
4 or 5 years. For this purpose a single dose of prophylactic is suincient, since 
there is abundant evidence to show that a single re-inoculation of persons, even 
of those who have relapsed to the Schick-positive state, is followed by a rapid 
rise in the antitoxin content of the blood (see Parish and Okell 1923, Parish and 
Wright 1938, Fraser 1940, Yolk and Bunney 19425, Wishart et al. 1944). In this 
connection it may be noted that many patients who have recovered from diph- 
theria remain Schick-positive (see Warin 1940). Since second attacks of the disease 
are not uncommon, such persons may be regarded as susceptible, and inoculated 
or re-inoculated with the rest. Why an attack of diphtheria is not always followed 
by immunity is still doubtful. That it is not due mainly to suppression of the 
antibody-forming mechanism by the administration of large quantities of antitoxin 
therapeutically seems clear from Madsen’s (1939) observation that 13 out of 26 
untreated patients failed to form detectable antitoxin as the result of their attack. 

The desirability of a 'preliminary Schick test to find out whether inoculation 
is required, and of a subsequent Schick test to find out whether immunization 
has been successful, is open to question. Space does not allow a full discusaion, 
of the subject, and we must therefore restrict ourselves to a summary of the con- 
clusions we have reached from our own observations and from those of other 
workers. 

In a mass immunization campaign a preliminary Schick test, entailing as it 
does two inoculations and an extra visit for each child, seems to us to be justified 
on only two conditions, firstly that a high proportion of the children are Schick- 
negative, and secondly that inoculation is restricted to Schick-positive reactors. 
In areas in which diphtheria has not been prevalent and in which inoculation has 
not been widely practised, a high proportion of the children are generally found 
to be Schick-positive. Under such conditions Schick-tesiiiig is wasteful of both 
time and material. It is all the more so if, as many experienced workers recom- 
mend, the Schick-negative reactors are inoculated at the same time, usually with 
a single dose, to reinforce their failing immunity. For practical purposes, there- 
fore, we see no advantage in carrying out a preliminary Schick test on a pre-school 
or school population. The susceptible members require inoculation anyhow, and 
the immune members will come to no harm through being given two doses of 
prophylactic but will, on the contrary, have their immunity strengthened. 

In adults, the position is different. Mass immunization is seldom called for, 
so that the extra time required for a preliminary Schick test is a less important 
consideration. A fairly high proportion will probably be found to be immune ; 
and the argument for inoculating adults who are Schick-negative is not so strong 
as for children who are still at an age when susceptibility is relatively great. An 
even more important factor, however, is that the inoculation of adult Schick- 
negative or pseudo-reactors with full doses of prophylactic, especially A.P.T., is 
likely to be followed by a severe local and even constitutional reaction. It is 
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wise, therefore, before inoculating adults, to carry out a preliminary Schick test, 
and to restrict inoculation to Schick-positive reactors, unless the subject is, like 
a doctor, nurse, or school teacher, likely to he exposed to an unusually high risk 
of infection ; for such persons a single inoculation with half the usual first dose 
is recommended. To test the subject’s sensitivity to formol toxoid, the Moloney 
test (Moloney and Fraser 1927) may be carried out either in addition to the Schick 
test or in place of the heated toxin control. An injection of 0-2 ml. of a 1/20 
dilution of formol toxoid is made intradermally. Any person giving more than 
a minimal local reaction should be immunized very cautiously. In practice, 
however, this test is seldom needed. 

For the mass immunization of children, alum precipitated toxoid, injected in 
doses of 0*2 and 0*5 ml. at 4:-weeks’ interval, is the prophylactic of choice. For 
adults likewise, A.P.T. may be used provided it is confined to Schick-positive 
reactors (see Leete 1942). Less reaction, however, is likely to be experienced from 
T.A.F. ; this should be given in three doses of 0*5-l*0, 1-0, and 1*0 ml. at intervals 
of 3 weeks (Circular 1942). 

By itself a post-inoculation Schick test is of value in learning whether the child 
has been satisfactorily immunized. It is carried out best 2-4 months after the 
last inoculation, when the antitoxin content of the blood is at its height. Though 
such a test may often be usefully applied to persons who are exposed to special 
risk of infection, it is seldom justifiable in mass immunization campaigns. There 
is, however, a strong case to be made out for testing a sample of the inoculated 
population in order to gain assurance that a high proportion, such as 98 per cent., 
have responded satisfactorily. So many variables enter into the development of 
Schick-immunity that this should never be taken for granted. 

To compare the antigenic potency of two different prophylactics or of different 
modes of administration of the same prophylactic, it is desirable to estimate the 
Schich-conversion rate. This necessitates preliminary as well as post-inoculation 
Schick-testing, and is calculated on the proportion of Schick-positive subjects in 
each group that are rendered ScHck-negative. Unless a preliminary test is made, 
the proportion of original Schick-negative reactors in each group is unknown, 
and a difference in their distribution will affect the result of the comparison. 

The Protective Effect of Active Immunization. 

Though a high Schick-negative or Schick-conversion rate affords a strong 
presumption that satisfactory immunization has been achieved, the ultimate court 
of reference in determining the efficacy of prophylactic inoculation must be the 
behaviour of immunized persons when exposed to the risk of natural infection. 

Bieher (1920) reported the after-history, from 1913, of 1,097 immunized and 3,275 
non-immunized children in villages near Magdeburg. Of the former, 52 (4*8 per cent.) 
had contracted diphtheria ; of the latter, 493 (15*1 per cent.). Park (1922) records the 
history over a shorter period of 90,000 immunized or naturally immune children and 90,000 
controls. During the period of observation 14 of the former contracted diphtheria as 
against 56 of the latter. Adams (^e Fitz-Gerald 1928) records the history during the 
years 1926 and 1927 of 11,000 children who had received two immunizing doses of toxoid, 
and of 9,000 non-immunized controls. Among the immunized the incidence of diphtheria 
was 1*55 per 1,000, among the non-immunized it was 11*44 per 1,000. Isabolinski and 
others (1931) describe the results of immunization in Smolensk. Of 4,185 children im- 
munized with toxoid, 0*14 per cent, contracted diphtheria during the eleven months 
following immunization ; of 19,000 control children in the same town 1*5 per cent, con- 
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tracted diphtheria during the same period. McEannon and others (1931) and Eitz-Gerald 
and others (1932) record the results of immunization m Toronto. Among a group of 
36,189 children who had passed through the immunization centres and had been found 
to be Schick-negative, or had received one or more immunizing doses of toxoid, or had 
been found to be sensitive to a preliminary injection of toxoid and so received no further 
treatment, there were 120 cases of diphtheria during the period of observation (December 
1926- June 1929). As a control the prevailing rates of diphtheria morbidity at ages among 
the non-immunized population were applied to each age group of the immunized. This 
gave 478 as the expected number of cases. Of the 36,189 children, 16,829 had received 
three doses of toxoid. Among this group 222 cases of diphtheria would have been ex- 
pected ; only 23 occurred. There are many other records of an analogous kind (see 
Forbes 1932). More recently, in Scotland, there were 2,833 cases of diphtheria and 
13 deaths among about 750,000 immunized, and 17,091 cases and 794 deaths among rather 
less than half the number of non-immumzed persons. The risk of contracting diphtheria 
was about 14 times less in the immunized than in the non-immunized, and the risk of 
contracting fatal diphtheria was over 100 times less (iV. Eusseli 1943j. 

Still more demonstrative evidence is obtained if we confine our attention to 
groups of persons who are exposed to an unusually high risk of contracting diph- 
theria. Fever hospitals supply an environment in which such a risk occurs, and 
the history of attempts to immunize the nursing and domestic staff is correspond- 
ingly instructive (see, for instance, Benson 1928, Woods 1928, Harries 1930|. We 
may take the figures given by Harries for the Birmingham City Fever Hospital as 
an illustrative example (Table 117). 

TABLE 117 

Showing the Diphtheria Incidence among the Xursing and Domestic Staff at 
Birmingham City Fever Hospital. (Modified from Harries.) 


Diphtheria Incidence per cent. 

Year. - - - - — - - - 

Nursing. Domestic. Combined. 


1919 lo-6 9-4 13-5 

1920 t 24-5 16*3 21-8 

1921 13-0 11-1 12-4 

1922 {a) 6*0 6-7 6-5 

1923 (6) 3-7 S-9 5-2 

1924 0-93 lid 3-9 

1925 (c) -- ■— 0*77 

1926 — — 0-76 

1927 ~ — 0 

1928 — — 0 

1929 — 0*6 


{a) Schick testing of nursing staff commenced. 

(6) Active immunization of nursing staff commenced. 

(c) Active immunization of domestic staff commenced. 

The significance of such figures cannot be in doubt. The decline of diphtheria 
among the nurses coincident with the commencement of Schick testing and im- 
munization, the persistence of diphtheria among the domestic staff until similar 
measures were applied to them, and the subsequent lowering of incidence until, 
during 3 years, only 1 case of diphtheria occurred among a staff increasing from 
130 to 166, indicate clearly that adequate immunization of all susceptibles will 
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reduce to insignificance the incidence of this disease among a community exposed 
to particularly severe risks. 

Orpiiaii asylums, cMldren's liomes and boarding schools, where persons of a 
susceptible age are congregated together, afford another example of an environment 
in which the risk of infection is above the average ; and the experience in such 
institutions confirms that obtained in fever hospitals. Nassau (1930), for instance, 
records the effect of active immunization in a children’s home near Berlin ; and 
Dudley (1923, 1926, 1932) has provided a very fully documented account of the 
control of diphtheria in the Eoyal Naval School at Greenwich. 

There is, then, no reasonable doubt that active immunization, properly per- 
formed, is highly effective in protecting the individual against diphtheria, and in 
eliminating diphtheria from any small closed community in which all the susceptible 
inmates are immunized. Emphasis, however, must be placed on the word ‘‘ pro- 
perly.” This implies using a high-quality prophylactic in adequate dosage with 
a suitable interval between the doses, controlling the effect by Schick-testing a 
sample of the population subsequently, and giving a re-inforcing dose at 4- or 
5-year intervals till the child is 15 years of age. Unless these conditions are 
complied with, cases of diphtheria and even occasional deaths, may be expected 
to occur, as the experience of Glover and Wright (1942) at Liverpool shows. It 
may be noted that in the instances in which infection in an immunized person, 
or in a fully immunized community, has been recorded, the infection has nearly 
always been of the gravis or intermedins type, and the case mortality has been 
considerably less than in non-immunized persons (see Dudley et al. 1934, Parish 
and Wright 1935, Glover and Wright 1942). 

The Results of Mass Immunization. 

We may now turn to the question whether prophylactic inoculation, controlled 
when necessary by Schick-testing, will reduce significantly or eliminate altogether 
the incidence of diphtheria in the community at large, if applied on the widest 
possible scale. It must be realized that the emphasis is on the final limiting clause. 
There is no reason to doubt that, if all susceptibles in the community could be 
immunized, the reduction in the incidence of diphtheria would be of the same order 
as that attained in closed or semi-closed communities. But we are dealing with 
practical politics, and what we want to know is the probable effect of an adminis- 
tratively possible policy. We are here faced with a problem of great statistical 
difficulty. It will not do to cite a few instances in which the inauguration of mass- 
immunization of school children has been associated with a decline in the general 
diphtheria morbidity rate, because we know quite well that most infective diseases 
are subject to secular trends in frequency, and a falling rate for any one of them 
might well have no significant association with any particular preventive measure 
adopted at the time the fall occurred. 

Woods (1928), for instance, has pointed out that the fall in the diphtheria morbidity 
rate which followed the introduction of mass immunization in New York in 1918 cannot 
be accepted as certainly significant. The rate was already falling before the immunization 
began ; and if a straight fine is fitted to the trend of mortality for the years prior to 1917, 
and is then extrapolated beyond 1918, this extended line approximates very closely to 
that which would describe the actual course of events during the following decade. 

Godfrey (1932), in an admirable review of the available evidence, discusses the possible 
reasons for such divergent results as those recorded in New York City and Philadelphia, 
where immunization was followed by a marked decrease in morbidity, and in Newark, 
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Detroit and Buffalo, where similar measures failed. Tracing in detail the course of events 
in eleven different districts in New York State he arrives at the conclusion that the crucial 
point is to be found in the immunization of the child of pre-school age (the age group 1-5). 
The earlier attempts at mass immunization were, for obvious administrative reasons, 
confined mainly to children of school age (the age groups 5-9 and 9-14). Godfrey can 
find no evidence that the immunization of 50 per cent, or over of the children in these 
age groups produces a definite fall in the incidence of diphtheria in the community as a 
whole. When, however, the immunization of 30 per cent, or more of the age group 1-5 
is superimposed on that of the later age groups there is an immediate and striking decline 
in the general prevalence of the disease. Godfrey found only two exceptions to this rule 
in the eleven areas from which his data were obtained. 

The same point is made by Lee (1931) who has studied the trend of diphtheria mortality 
in Philadelphia and in New York City from 1870 to 1930. Fitting an exponential curve 
to the recorded death rates, he finds that for neither city was there any significant depar- 
ture from the general trend between the end of the period fI89D-19*)0), when the use of 
antitoxin as a therapeutic measure was becoming general, and 1929. But in 1930, following 
the extension of the immunization campaign to children of pre-school age, there was 
a dramatic change in both cities. In Philadelphia the expected death rate on the basis 
of the previous trend would have been 10-5 per 100,000, \fith odds of 20 : 1 that it would 
fall between 8-1 and 13-6. Actually it was 2*86. In the case of each city the odds against 
the observed difference between the actual and the expected death rates being due to 
chance are enormous. (See also Deadman and Elliott 1933.) 

In summary, we have in the modern method of antidiphtheiia immunization 
a measure that is based on well-attested immunological principles, involves the 
use of a reagent of proved potency, is supported by the results of numerous animal 
experiments, has been shown to be effective in raising the resistance of the individual 
and in controlling the incidence of the disease in isolated or senii-isolated communi- 
ties, and is almost certainly capable of greatly reducing the incidence in the com- 
munity as a whole, if due attention is paid to herd reactions. 

It is possible that the effect of immunizing children of school age alone may 
be offset, so far as its infl.uence on the general morbidity is concerned, by the creation 
of healthy carriers who may infect the younger susceptibles in their homes. We 
have, here, an admirable example of the necessity for considering the factors that 
determine herd immunity as well as those that determine immunity in the individual. 
These factors are very difficult to analyse. The results of a recent survey in the 
United States and Canada are summarized in Table 118. 

Many of the figures given are probably subject to a considerable sampling 
error ; nevertheless the differences between them are often so great as to leave 
no doubt of their significance. No constant relationship is effident between either 
the proportion of children immunized, the proportion of Schick-positive reactors, 
or the carrier rate of virulent diphtheria bacilli to the morbidity from clinical 
diphtheria. Cleveland, for example, with about the same proportion of susceptibles 
and the same carrier rate as Virginia, had a morbidity rate 40 times less. Alabama, 
with only 9 per cent, of susceptible children, had a morbidity rate 12 times as great 
as Kingston, which had 3 times as many susceptibles. Schuman and Douil (1940) 
estimate that during 1937-39 in Cleveland there were about 500 carriers of virulent 
diphtheria bacilli to every case of clinical diphtheria, whereas the corresponding 
figure given by Frost (1928) for school children in Baltimore in 1921-22 was 47 
carriers to each case. Such data as these must make us pause before concluding 
that immunization alone is sufficient to eradicate diphtheria from, a population. 
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There is here a fascinating problem for investigation, the solution of which is 
likely to be of both academic interest and administrative importance. 

TABLE 118. 

Relatiok between Carriek Rate and Incidence of Diphtheria in a partly 
Immunized Population. 

Observations made chiefly durmg 1937-39. 


Observer. 

1 

Place. 

Approximate 
Percentage 
of Children 
Immunized. 

Percentage of 
Schick-po&itive Ueactors. 

1 

All ; U mnoculate d 

Children, i Children. 

Per cent, 
virulent 
K.L.B. 
Carrier 
Hate in 
Children. 

Morbidity 
Bate of 
Clinical 
Diphtheria 
per 100,000 
Population. 

Schuman and Doull 
(1940) 

Cleveland, 

Ohio 

80 

36 

00 

0-56 

1*67 

Stebbins (1940) . 

Kingston, 

N.y. ^ 

77 

i 

27 

64 

0-03 

3-5 

Eraser and Halpern 

I (1940) 

1 

' Toronto 

? 

but probably 
1 high 

? 

821 

0-04 

5-5 

Gill (1940) . . . 

Alabama 

27 

i 

9 

11 

0-87 

4L0 

Grossmann (1940) . 

Virginia 

59 

30 

40 

0-5 

66-7 


^ Based on antitoxin titrations, regarding persons with less than 1/500 unit per ml. as 
Schick-positive. 


Whether immunization does in fact lead to an increase in the proportion of 
healthy carriers is a difihcult question to answer, since so many other factors are 
concerned. We are not thinking here of what happens in an institution, but in 
the general population. Clearly if diphtheria is introduced into an institution 
containing a high proportion of Schick-negative reactors, there is bound to be a 
temporary rise in the carrier rate, since the majority of those who become infected 
will not develop chnical diphtheria and will therefore not be removed to an isola- 
tion hospital. In the general population, however, one would expect a different 
sequence. The fewer cases there are as the result of immunization, the fewer 
contact carriers will there be, and the fewer carriers there are, the less will be the 
chance of non-immunes developing diphtheria. On the whole, this assumption 
is borne out by American experience, where in some towns the carrier rate among 
the general population has fallen to almost negligible proportions following con- 
tinued mass immunization. The few figures available in this country are in con- 
formity with the findings in America. Thus, before the second world war the 
carrier rate in London elementary school children varied between about 2*5 and 
5-0 per cent, (see Chapter 56). In September, 1942, however, about 9 months 
after the beginning of the Governmenf's immunization campaign, the carrier 
rate of virulent diphtheria bacilli was only 0*38 per cent., and in Tebruar;^, 1943, 
it had fallen to 0-19 per cent. (Report 1944). These figures lend no support to 
the suggestion that immunization does more harm than good to the herd by 
increasing the number of healthy carriers. 
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Prophylactic Passive Imnmnization. 

To meet particular and transitory emergencies, snch as tlie accidental admission 
to a children’s ward of a child suffering from diphtheria, the subcutaneous or 
intramuscular administration of 500-1,000 units of antitoxin to each of the other 
children thus exposed to risk has been found an effective method of stopping the 
spread of the disease. Provided the cldldren have not been exposed to the infected 
child for more than 24 hours, a Schick test may be carried out, a preliminary 
reading taken the following day, and inoculation with serum restricted to those 
giving a positive reaction. Schick-testing, however, seems to us to be of very 
doubtful value, unless a high proportion of the children are believed to be immune. 
Many of the susceptibles will not be read as Schick-positive within 24 hours, and 
if a longer time than this is allowed to elapse before serum is injected, there is a 
risk of diphtheria developing. On the whole, it is more satisfactory to gi\'e serum 
to every child. So long as refined serum is used, trouble from serum reactions 
will be slight. 

Combined Active and Passive Immunization, and the Control of Institutional 
Epidemics. 

Combined active and passive immunization consists in giving simultaneous 
injections into opposite arms of serum and of diphtheria prophylactic, followed 
later by a second dose of prophylactic. Its object is to stimulate an active immunity 
under cover of a passive immunity. The doses recommended are 500 units of 
refined serum and 0-3-0-5 ml. of A.P.T., followed in 2-4 weeks’ time by a second 
dose of 0*5 ml, of A.P.T. This method is of particular value when a case of diph- 
theria develops in a group of susceptible children in a school, hospital, or other 
institution, when the extent of the distribution of the infecting agent is unknown, 
or when further introduction of infection is to be anticipated. In these circum- 
stances passive immunization alone, which wears off in 2-3 w^eeks, may be followed 
by the appearance of diphtheria cases due to infection from health}" carriers. The 
combination of active and passive immunization results not only in a transitory 
protection of the exposed children, but in the development of an active immunity 
that can generally be relied upon to prevent further cases of diphtheria developing, 
even in the presence of continued infection. Since, however, there is an inter- 
mediate period of relative susceptibility between the wearing off of passive and 
the development of active immunity, it is wise to swab the entire population and 
segregate all virulent carriers till a fortnight after the second dose of A.P.T. By 
this time sufficient active immunity will generally have developed to. render almost 
negligible the risk of further cases occurring. By this method very successful 
results have been reported by Pulton, Taylor, Wells, and Wilson (1941) in the 
control of school and institutional epidemics. To the paper by these authors 
and to one by Downie, Glenny, Parish, Smith, and Wilson (1941) reference may 
be made for the rationale and application of combined active and passive 
immunization. 

The advantage of this method in conjunction with swabbing of the entire 
population and segregation of virulent carriers is that school closure is quite 
unn ecessary, and that, apart from the carriers who are segregated for 6 weeks, 
every child can continue its normal education. Little is to be gained by pre- 
liminary Schick-testing of the population, as was recommended by Okell, Eagleton, 
and O’Brien (1924) in the days before combined active and passive immunization ■ 
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was shown to be practicable, and valuable time may be lost. Moreover, the danger 
of diphtheria developing in Schick-negative reactors who are exposed to special 
risk of infection is by no means remote. On the whole, we think that there is far 
more to be gained by giving combined active and passive immunization to all 
children than by immunizing only the Schick-positive reactors. The time and 
labour expended are also less. 

The Standardization of Diphtheria Prophylactics. 

The flocculation test of Ramon (1922) provides an obvious method of determining 
the amount of toxoid in any prophylactic, and Glenny, Pope and Waddington (1925) 
found that the immunizing value of a modified toxin was closely related to its Lf value. 
It has, indeed, become a common practice to state the dose of toxoid contained in a pro- 
phylactic in terms of Lf units, when the actual dose of toxoid is stated at all, which is 
not often the case. But it would obviously he preferable, were it possible, to measure the 
actual immunizing potency of all preparations by direct comparison with some arbitrarily 
selected standard reagent.. 

The technical differences involved in such a comparison are, however, very great. 
For the reasons discussed in Chapter 43, a comparison carried out on a small number 
of animals is quite valueless ; and, in spite of a few reports in a different sense, it is very 
doubtful whether the accurate standardization of a reagent used for inducing active 
immunity is as yet within the realm of practical politics. 

The relevant regulations in force in Great Britain, under the Therapeutic Substances 
Act, are as follows : 

“Diphtheria Prophylactic shall be submitted to the following tests: 

(а) Tests to determine that the specific toxicity of the toxin used in its preparation has 
been so reduced that it does not exceed the prescribed maximum. — Five human doses of the 
Diphtheria Prophylactic under test shall be injected into each of 5 normal guinea-pigs 
each weighing 250-350 grammes. This injection must not cause the death of any of 
the guinea-pigs within 6 days following the injection. If all the guinea-pigs injected 
survive for 6 days but any of them die within 30 days following the injection from the 
specific toxsemia, one human dose of the Diphtheria Prophylactic under test shall be 
injected into each of 5 normal guinea-pigs, each weighing 250-350 grammes. This in- 
jection must not cause the death of any of the guinea-pigs within 30 days following the 
injection. 

If a hatch of Diphtheria Prophylactic is shown by either of these testa to have a greater 
toxicity than the maximum hereby indicated, it shall not be issued unless and until the 
toxicity has been so reduced by further treatment that it does not exceed that maximum. 

(б) Test for potency as an immunizing antigen. — A quantity of Diphtheria Prophylactic 
not exceeding five human doses shall he injected on one occasion into each of 10 normal 
guinea-pigs ; or, alternatively, a quantity of Diphtheria Prophylactic not exceeding one- 
tenth of a human dose shall he injected into each of 10 normal guinea-pigs on each of two 
occasions, separated by an interval of not more than 4 weeks. The guinea-pigs shall 
be tested for immunity to diphtheria toxin, if they have received the single injection 
hereinbefore prescribed, at a date not later than 6 weeks after injection, and if they have 
received the two injections hereinbefore prescribed, at a date not later than 3 weeks after 
the second injection. 

The test for immunity may be made by either of the two following methods : 

(i) by intracutaneous injection into each guinea-pig of one test-dose of Schick Toxin. 
If more than 2 out of the 10 guinea-pigs exhibit a positive Schick reaction, the batch 
of Diphtheria Prophylactic shall be treated as insufficiently potent, and shall not be 
issued ; or 

(ii) by subcutaneous injection into each guinea-pig of five minimal lethal doses of 
diphtheria toxin. If more than 2 out of the 10 guinea-pigs die as the result of this 
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injection the batch of Diphtheria Prophylactic shall be treated as insufficiently potent, 
and shall not be issued.’’ 

This, it will be noted, is the prescription of limits of toxicity and antigenic efficiency, 
not standardization in terms of units. 

The standardization of diphtheria prophylactics on laboratory animals is not 
an altogether satisfactory method for determining the antigenic potency for human 
beings (see Hartley 1934). It is therefore desirable, whenever possible, to control 
each batch by field observations on children. For this purpose the Schick- 
conversion rate is suitable (see, for example, Fulton et al. 1942). 

Other Diseases caused by Corynebacteria 

Besides causing infections of the upper respiratory tract, the diphtheria bacillus 
may sometimes be found as a secondary invader in skin wounds and in lesions of the 
vagina. Diphtheroid bacilli of various types have frequently been isolated from the 
sites of pathological conditions in man. They have been cultivated from the cun- 
junctiva in various forms of subacute or chronic conjunctivitis, from the external 
auditory meatus in cases of ear disease, from the lesions of acne vulgaris, from other 
lesions of the skin, from the urine in cases of subacute or chronic uretliritis, and from 
lymphatic glands in a variety of conditions, particularly in lympliadeiiomii. In 
a few instances, including perhaps acne vulgaris, the evidence suggests that the 
association is a causative one, but in the vast majority of cases the early claims to 
have established an etiological relationship have broken down in the light of 
subsequent investigations. There is, as yet, no satisfactory evidence that any 
corynebacterium, other than C. diphtkerics, with the possible exception of C. acnes^ 
plays any significant role as a pathogenic parasite of man ; though various species 
form an important constituent of his normal bacterial flora ( Andre wes ft ah 1923, 
Harris and Wade 1915), 

Diphtheroid Infections in Animals. 

There are a few diseases which occur naturally in animals other than man, 
and are caused by infection with corynebacteria. 

Ulcerative Lymphangitis of Horses and Pseudotubercnlosis of Sheep. — Both these 
diseases are the result of infection with C. otnk, or, as it is more commonly called, 
the Preisz-Nocard bacillus. The characters of this organism and the lesions that it 
produces in experimental animals have been described in Chapter 17. It may be 
noted that this organism, unlike (7. dipMierice, is pyogenic and invasive, as well as 
toxigenic. The exotoxin produced by it differs from the exotoxiii of CL diphiherim 
both in the character of the lesions produced in experimental anitiials and in its 
antigenic relationships. The pathogenesis of the natural disease in horses and sheep 
seems to be determined mainly by the invasive and pyogenic activities of the 
causative organism. The part played by the toxin is at present doubtful. It may 
be noted that pseudotuberculosis of sheep is an important disease, from this stand- 
point, in certain parts of the world, particularly in Australia (see Bui! and Dickinson 
1931, 1933, 1935, Dickinson and Bull 1931, Discussion 1934). 

Infections caused by C. pyogenes. — This organism is probably the most im- 
portant and widespread member of the Corynebacterium group found in association 
with animal disease. It is responsible for suppurative processes, including pneu- 
monia, arthritis, and mastitis in cattle, pigs, sheep, and goats. A weak toxin 
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is foimed, which often gives rise to antitoxin prodnction in infected animals ; 
this may be measured by the power of the serum to inhibit the haemolysis of rabbit 
cells by the toxin (Lovell 1939), The toxin may be converted Into toxoid by 
treatment with formalin. An alum-precipitated toxoid induces antitoxin forma- 
tion in animals inoculated intramuscularly, but whether it will prove of prophylactic 
value under field conditions remains to be decided (Lovell 1941). 

Pyaemia in Foals. — Magnusson (1923, 1938) described a pycemic disease of 
foals in Sweden due to a pigment-forming organism, which he called 0. equi (see 
p. 469). As a rule the disease is characterized by a suppurative bronchopneumonia, 
with greyish-red pus in the bronchi, and an intense purulent infiltration of the 
pulmonary lymph nodes. In some cases intestinal ulceration occurs, accompanied 
by large abscesses in the mesenteric lymph nodes. Though C. equi is often present 
in the submaxillary lymph nodes of pigs, it does not appear to give rise to lesions 
in these animals (Karlson et ctL 1940). 

Infections caused by C. renale. — This organism appears to give rise to cystitis 
and pyelitis in cattle (see p. 461). 

Pseudotuberculosis of Mice. — This is a natural disease of mice caused by 0. 
q}seudotuberculosis murium. So far as it is known, no other animal species is 
susceptible. Since, in this instance, the animal used for experimental purposes 
has been the natural host, the lesions of the disease have been described in 
Chapter 17 (p. 461). 
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CHAPTER 62 


GLANDERS AND MELIOIDOSIS 

GLANDERS 

Numerous investigators during the nineteenth century brought evidence to show 
that glanders was infectious ; and that the disease in man was the same as that 
in the horse. The causative agent, however, was not isolated till 1882, when 
Loeffler and Schiitz (Loeffler 1886) succeeded in cultivating Pf. mallei from a 
horse dying of acute glanders. They isolated it in pure culture from the liver 
and spleen, and produced characteristic lesions in the guinea-pig, rabbit, and field 
mouse by injection of the bacilli. The organisms were demonstrated histologically 
in the lesions, and isolated in pure culture. 

Epidemiology in Animals. — Glanders is primarily a disease of equine animals. 
Pigs and cattle are absolutely resistant. Goats, sheep, dogs, and cats sometimes 
contract the disease naturally ; it has also occurred in zoological gardens amongst 
carnivora, such as lions and tigers, which have been fed on infected horse-flesh. 

There are two clinical types of the disease in horses and asses — glanders and 
farcy. In glanders, which may be acute or chronic, the lungs are almost invariably 
afiected. Rounded, greyish, firm nodules, about I to 1 cm. in diameter, appear 
in small numbers — often not more than a dozen or so. They are embedded in 
the lung tissue, from which they are not easy to enucleate. When recent they 
have a dirty white centre and a dark red, or sometimes yellow, gelatinous periphery ; 
the central part consists of thick pus. In older nodules the greyish central zone 
IS surrounded by dryish crumbling material, or by a fibrous capsule. In acute 
cases there may be an actual pneumonic infiltration of the lung. Histologically 
the young lesions consist of polymorphonuclear cells, surrounded by a zone of 
congestion. It is stated that, in the older nodules, there is frequently a zone of 
epithelioid and giant cells around the central necrotic area, and surrounding the 
whole there is a layer of fibrous tissue. Occasionally calcification may occur 
(Eiegler 1905, Reinhardt 1919). Glanders may invade other organs as well as 
the lungs, particularly the nasal mucosa and trachea ; nodules first appear, which 
later ulcerate and discharge a greenish-yellow serous fluid, sometimes streaked 
with blood (Hunting 1908, Hutyra and Marek 1926). The submaxillary glands 
are often enlarged ; subcutaneous abscesses are not uncommon ; and in the acute 
disease nodules are distributed throughout the spleen, liver, and other organs. 

In -the mule glanders is almost invariably acute, death occurring in 3 or 4 weeks 
(Mason 1918). 

Farcy may result from direct infection of the skm, or it may be a secondary 
manifestation of glanders. Swellings appear in the skin or subcutaneous tissues, 
particularly of the extremities and flanks, which break down and ulcerate. The 
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^ Includes horses that reacted to the mallein test, and on mortem examination showed 
glanders lesions. 


Both the mule and the ass are very susceptible to glanders, and in them the 
disease generally takes an acute form. In spite of the high susceptibility of asses, 
however, these animals do not appear to be as frequenth afiected as horses and 
mules. Thus, during the war of 1914-18, Mason (1918) >tuteil that the incidence 
of glanders in Cairo and Alexandria was approximately 1 in every 4 horses and 
mules, but only 1 in every ICX) asses. 

In considering the incidence of glanders, it must be remembered that in many 
respects the disease resembles tuberculosis. For every clinical case there are a 
number of latent cases, revealed only by the mallein test or one of the numerous 
other reactions that are now employed in diagnosis. Occult glanders, in fact, is 
the rule, not the exception (M‘Fadyean 1905), Months may elapse between 
infection and the onset of symptoms ; and in many animals it would appear that 
the disease may lie permanently dormant, or undergo spontaneous cure. As with 
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most diseases afiecting the respiratory tract, glanders is commonest in cities and 
in places where large numbers of animals are kept in close contact. During the 
first 5 years of this century, for example, about 75 per cent, of all cases reported 
in Great Britain occurred in London (MTadyean 1905). The disease used to be 
especially preyalent in the large studs of horses owned by the Municipal Omnibus 
Companies ; once the infection had been introduced, it spread rapidly through- 
out the stud. Apart from clinical cases there was an even larger number of 
carriers, which served to propagate the disease and to render its control extremely 
difficult. 

Mode of Infection. — The mode of infection is not at all clear. Though primary 
disease of the lung appears to be very common, the belief has grown up 
that infection does not occur by the respiratory tract. It is difficult to gather 
from the literature the real incidence of primary glanders of the lung. There are 
many other diseases that give rise to lesions closely resembling the glanders nodule 
(Riegler 1905, Joest 1915) ; and our impression is that in the past many true 
cases of glanders have been classified under other headings and vice versa. Experi- 
mentally, most attempts to produce chronic pulmonary glanders via the respiratory 
tract have failed ; intratracheal and intranasal injection of the bacilli have resulted 
in the acute disease. Most workers have therefore concluded that infection does 
not ordinarily occur by this route. On the other hand, typical pulmonary lesions 
have followed infection by the mouth (M'Fadyean 1904, Bonome 1906). In 
animals infected in this way, however, it is usual to find some degree of inflam- 
matory reaction in the intestinal mucosa and submucosa, together with hyper- 
plasia and necrosis of the mesenteric glands. As these lesions are uncommon in 
horses dying naturally, it is by no means certain that the disease set up in this way 
corresponds to that occurring spontaneously. Bonome (1906) tries to explain the 
discrepancy by assuming that the intestinal and mesenteric glandular lesions rapidly 
retrogress so that in about 2 months only the pulmonary lesions are apparent. 

Without discussing this question any further, we may point to the close analogy 
with tuberculosis, in which much the same arguments have been advanced for and 
against the respiratory route of infection (see Chapter 59). Whether the in- 
fectious material in glanders reaches the lungs by direct inspiration, by absorption 
through the pharyngeal mucosa, or by passage through the intestine and mesenteric 
glands, it is impossible to say with certainty. The important point is that the 
nasal and pulmonary discharges, and sometimes the urine and faeces, of animals 
sufiering from glanders are infectious, and that any other susceptible animal 
coming into contact directly or indirectly with these discharges is liable to contract 
the disease. 

Reproduction of the Disease. — Farcy may be transmitted by subcutaneous 
inoculation. Under natural conditions, it is probable that some cases occur by 
direct infection of the skin — as in grooming — while others are really metastatic 
infections of pulmonary origin. In nearly every case of farcy, glanders nodules 
are present in the lungs at necropsy (M‘Fadyean 1904). 

Glanders may be reproduced in horses, asses, and mules by feeding with cultures 
of the bacillus, and by subcutaneous inoculation. Sheep and goats are easily 
infected, but cows and pigs are absolutely resistant. Of laboratory animals the 
guinea-pig and the field mouse {Arvicola arvalis) are the most susceptible to expect 
mental inoculation ; rabbits and dogs are less so ; rats, birds, and perhaps white 
mice, are comparatively resistant. (See Chapter 19.) 
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1916). 

Tlie disease attacks cbiedy those who come inw^ Lose cenTact with hordes 
such as ostlers, grooms, and couelin.en. Tnfeetlon results mo>t frequently 
from contamination of a scratch or wmond with a glamhu’oTas d:st harL^e, but 
primary infection of the nasal mucosa may occur. Several cases of g'uiinler^ 
have been reported in laboratory workers ; indeed, probably no coraaiiiisni, with 
the possible exception of Br, t?dar€nslb\ is so dangerous to work with as the glanders 
bacillus. In the Czeriiowitz laboratory the disease broke out aiiiongst scverai 
members of the staff a few days after the breaking of a centrifuge tube. Niinieroii'A 
other laboratory infections are on record (Bernsttdn and Carling 19091. IVLeti 
one considers the infecthuty of tlie organism in artidciul culture, it is surprising 
that the disease is not more common amongst thc»se who come into eruitact with 
glandered animals. M^Fadyean stated in 19u5 that, during the past 12 years, 
a single firm of knackers in London had dealt with from 800 to 2,(/i0 glaiidcu'ed 
carcasses ; yet not a single case of glanders had occurred amongst the men. 
There are several statements in the literature suggesting that the virulence of the 
organism is subject to rapid variation (Gamaieia 1890, Motta 1906, Bernstein and 
Carling 1909, Dudgeon et al, 1918). It may be that the bacilli in chronic lesions 
of the horse are relatively aviniient to man, in much the same way as they are to 
the guinea-pig. If this is so, they may be incapable of giving rise to clinical disease. 
In this connection it may be noted that Babes, -while making autopsies on persons 
who had come into contact with horses and who had died from diseases other than 
glanders, observed the presence of encapsulated glanders nodules in the internal 
organs, especially the lungs. This suggests that occult glanders may occur in man 
as well as in the horse (M'Fadyean 1905). 


Diagnosis. 

In acute glanders or farcy a microscopical examination should be made of the 
pus or discharge. Bacilli are fairly numerous in fresh lesions, but may be difficult 
to find in older ones. Their demonstration in sections of the tissues is often very 
difficult, and special staining methods have usually to be adopted ; the bacilli are 
more easy to ffiid in smears. Cultures should be put up on agar, glycerine agar, 
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and potato. If tiie material is grossly contaminated, it is best to inject it sub- 
cutaneously into a guinea-pig, recover the bacillus from tbe enlarged glands, 
and inject it intraperitoneally in pure culture into fresh guinea-pigs. In any 
case the culture should be tested for virulence, and the characteristic Straus re- 
action noted (see p. 489). Not all strains of Ff. mallei are virulent on isolation ; 
sometimes two or three passages have to be made before the typical disease 
develops (Dudgeon et ah 1918). As a rule material from the acute disease in 
horses proves virulent, but from the chronic disease it is generally avirulent. 

The Straus reaction is not diagnostic of glanders ; swelling of the testicles and 
periorchitis may occur after injection of guinea-pigs with organisms of the Brucella 
group, with Actinohacillus ligmeresi, with Preisz-Nocard’s 0. ovis, with Ff. wJiitmori, 
and with a few other species less commonly met with. 

Mallein Test. — This is used for the diagnosis of latent or chronic glanders in 
horses. Mallein is prepared by growing the glanders bacillus in flasks of peptone 
veal broth containing 4 per cent, of glycerol. After 15 to 20 days’ incubation 
the cultures are sterilized in the autoclave, concentrated to one-tenth of their 
volume in a water-bath, and filtered through paper (Nocard 1895). The resultant 
product is a syrupy brown hquid ; before injection, this crude mallein has 
to be diluted about 1/10 with sterile water or 0-5 per cent, phenolized saline. 
The subcutaneous test is made by injecting 2-5 ml. of the diluted mallein under 
the skin of the neck. Sometimes mallein is prepared by simple filtration, without 
concentration, of a broth culture ; in this case 1 ml. is used for injection. A 
positive reaction is characterized by (1) a local swelling, congestion, and oedema, 
often very extensive and painful, appearing some hours after the inoculation, 
increasing for 30 to 36 hours, and lasting for a week or more ; it never suppurates ; 
(2) a systemic disturbance, with a rise of temperature, dullness, depression, 
shivering, anorexia and other symptoms of illness ; the temperature rises about 
the 8th hour, reaches its maximum from the 10th to the 18th hour, and subsides 
after 36 or 48 hours. The interpretation of the reaction is largely a matter of 
experience. Generally speaking, a marked local reaction with a rise of temperature 
of 2° C. or over can be considered positive. A rise of only l'^ to 2° C. may be 
accounted positive if the local reaction is typical ; otherwise it should be considered 
doubtful. If the rise of temperature is less than 1*0° C., the reaction is negative. 
A rapid rise of temperature, however high, if succeeded by an equally rapid fall, 
is of no importance. Old horses may fail to react. In doubtful cases the test 
should be repeated after 4 weeks. In normal horses the injection of mallein causes 
a very slight reaction ; the small local oedematous tumour disappears in 24 to 
30 hours. 

A definitely positive reaction, even in the absence of clinical disease, may be 
taken as proof that the horse is glandered. Extensive use of the reaction has 
shown that, judged by post-mortem findings, a positive result is correct in about 
92 per cent., a negative in 96 per cent, of cases. (For interpretation of the reaction 
see Babes 1891, M‘Fadyean 1893, Bonome 1894, Foth 1894a, h, Eeport 1915, 
Mason 1918, Hutyra and Marek 1926.) 

The subcutaneous reaction is inapplicable to horses suffering from fever. It 
has also the disadvantage that it is sometimes followed by the appearance of anti- 
bodies in the blood ; hence serological tests cannot be used in horses that have 
been injected with mallein. For these reasons it has largely been abandoned, 
and replaced by the cutaneous and the conjunctival tests, which apparently have 
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when the conjunctival test is inadvisable or yn*idi% a dnc.iltf'ui r»-vdt. i^fulbdu 
rnbbed into the shaved and scarified skin on the sidle of the nc-^v In a p‘^s:tive 
reaction there is a marked local swelling. A modi lie., tit'oi of tlhs method, known 
as the intradermal palpebral test, in which the malieln is iim-oted into the cutaneous 
surface of the eyelid, was employed during the wvir of 1 91 4-1 S. In a pudtive r»MC- 
tion a sensitive oedema of the eyelid is observefl about the 9tii or Tjth hr.ur after 
injection, accompanied by conjunctival congestion, a ii.uc^hi- discharge from 
the eye, and closure of the eyelids. The reaction re<xclies its height Ict^^oon the 
24th and 36th hours, and may persist for 3 or 4 days. In nciuiud animals tlcuv 
may be very slight swelling of the eyelid 2 to 6 hours after disappearing 

about the 12th hour. 

Serological Tests. — The complement-fixation test is the most reliable laboratory 
test for glanders. According to Reinhardt (1919J it gives false positives in 4 per 
cent, of healthy horses, and false negatives in 2 per cent, of giandered horses. 
According to Toppe (1919), who reports on 2,669 animals, it gave incorrect results 
in 0*97 per cent, of cases in which glanders was present, and in 2*21 per cent, of 
cases in which it was absent. It is stated to be sometimes positit'o in horses suffering 
from strangles, horse influenza, or petechial fever, and in emaciated animals not 
suffering from glanders. It may also be positive in normal donkeys, mules, and 
pregnant mares. 

The agglutination reaction is less reliable. Though various workers (see Bourges 
and Mery 1898, Collins 1908, Xevermann 1910) have regarded a titre of 1; 1000- 
1/2000 as practically diagnostic of glanders, it is quite clear that the serum of 
perfectly normal horses may react to this level (Wilson 1934, Lovell 1935). Much 
depends on the agglutinability of the strain used and the technique adopted. 
Without adequate standardization of these factors, the interpretation of the results 
of different workers is impossible. As in other diseases, the higher the titre, the 
greater is its significance. The agglutination test, however, should never be relied 
on exclusively for diagnosis. Repeated tests are of value ; if, in a series of tests 
at intervals of several weeks, the titre remains the same, it is unlikely that the 
animal is giandered. 

The precipitin reaction is not trustworthy enough for practical diagnosis, prob- 
ably because of the presence of non-specific nucleo-protein substances in the 
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Sak.iiiiuto i La.-^, ho\\ ever, extracted a soluble polysaccliaride from 
eult cf /"/. with vrhich a specific precipitation test is said to be obtainable. 

A liundoer of other tests have obtained promineiice during recent years^ sncli 
as tia^ reaction, an<l the combined complement-fixation and li^mag- 

'i’lrinathjii neiction oc <^o-calltal K.H. reaction of Pfeiier and Sciieffler (see Poppe 
Ibid;. reactions are said to be of particular value in the diagnosis of the 

«iiseus»" in mules, asses, and pregnant mares, the blood of which not infrequently 
has a marked aiiticuinplementary action. 

It wuil be realized that a large number of tests are available for the diagnosis 
of LTlanders. In practice it is unwise to rely exclusively on any one alone. For 
ortiinarv routine w’oik the best combination is the compienient-fixation and the 
ciuiiuncti'vul Dial >i II tests. If these give a doubtful result, the other tests may be 
ernidoyed. 

Ill the maliein test lias been used so seldom that it is difficult to gain any 
id it:r. V!ilu*n Zabolotny (1926) reports a case in which it was positive. The 
dgfrhitinatioii test is not very reliable, as the serum of normal persons may have a 
litre up to 1. iHii. In glanders it may rise to as high as 1/2000 (Galtier 1881, 
Ooiiins Dudgeon ei al. 1918) ; but on the other hand it may be extremely 
low. Several eases have been reported in which no agglutination occurred at all, 
i»r only up to 1 GO {Gabrielides and Eemlinger 1902, Bernstein and Carling 1909). 
The cc»inplemeiit-fixatic»n reaction is sometimes of value (Watson 1923, Sabolotny 
1926). A leiicocytosis is often present in acute glanders (Gabrielides and Eem- 
inger 1902, Bernstein and Carling 1909). 

Iunminity and Prophylaxis. 

There is a considerable amount of evidence to show that horses may recover . 
spuntaneoiLsly from glanders (Nocard 1900). Only a small proportion of apparently 
healthy horses that give a positive maliein reaction subsequently develop clinical 
signs of the disease (M'Faydean 1900). If they are carefully observed, many of 
them are found to lose their reaction to maliein. It must be noted, however, that 
the disappearance of the maliein reaction is no proof of cure (M‘Fadyean 1901, 
Bunome 1906). Sporxtaneous recovery from glanders does not leave the animals 
with a high degree of immunity. If exposed to natural infection or experimentally 
inoculated with glanders material, they not infrequently again contract the disease 
(M^Fadyean 1900, Nocard 1900, Mohier and Eichhorn 1914). 

Numerous attempts have been made to produce an active immunity to glanders. 
Using graded doses of morvine—a. substance similar to maliein— Babes (1892) 
stated that he was able to immunize guinea-pigs. Nicolle (1906) likewise claimed 
to have immunized guinea-pigs (1) by repeated doses of dead bacilli ; (2) by repeated 
injection of living organisms in very small doses ; (3) by a single injection of 
living organisms in a non-fatai dose. But attempts to render horses immune by 
vaccination or injections of maliein have not been successful (M'Fadyean 1901). 
Mohier and Eichhorn (1914) vaccinated horses with 3 or 4 doses of dried bacilli ; 
these animals developed agglutinins and complement-fixing bodies, hut were still 
suseeptibie to natural and experimental infection with glanders. 

Maliein has been tried in the curative treatment of horses and of man ; some 
authors report promising results (Babes, V. 1891, Babes, A. 1892, Pilavios 1893, 
Bonome 1894), but the mass of evidence does not support their conclusions. It 
must be remembered that both in horses and in man the disease may retrogress 
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In man the clinical course is brief, death generally oecmTii.g wit Lin 3 or 4 
weeks of the onset of symptoms. A chronie no!:-liitnl case eharaeterized by pul- 
monartt and multiple articular lesions has, however, been described li\" Haver 
and Finiayson (1944). At autopsy the tominonesr. findings are localized areas 
of consolidation in the lungs, eompnsed uf aggregations of sniali siippiirating 
foci, and abscesses or caseous deposits uf varvdng size in the spleen, liver, and 
sometimes kidneys. In one case in a European recorded by Stanton, Eletcher, 
and Kanagaraj’er (1925), the only lesions were two abscesses in the liver with 
walls consisting of shagg}" necrotic material, resembling those found in amcebic 
dysentery. In several cases the lesions have heen confined to the lungs. Histo- 
logically they are indistinguishable from those of glanders. 

The disease appears to be juimarily one of Tode)(ts, At Kuala Lumpur in the 
Federated Malay States, Stanton and Fletcher (1925) stated that it had been 
present first epidemical^ and later in a sporadic form amongst their stock of 
laboratory animals during the previous 12 years. The earliest symptom in rabbits 
and guinea-pigs is a white milky discharge from the eyes and nose ; later dyspnoea 
occurs, followed by death. At post-mortem in acute cases, there are few signs 
except yellow miliary nodules on the nasal septum. Wiien the disease has 
lasted for some time, minute caseous nodules of focal necrosis are found in the 
lungs, spleen, and sometimes in the liver. 
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Cases of natural infection have been recorded in wild rats, one case in a cat, 
and one in a horse. Rodents can be infected experimentally by feeding and by 
irijertioii of the bacilli into the tissues. (See Chapter 19.) 

How man becomes infected is not clear. Some cases have undoubtedly followed 
contaiuiiiatioii of the skhi, as in morphia addicts, but Stanton and Fletcher (1932) 
regard the alimentary tract as the most probable route by which the organisms 
cain access to the body. 

Diagnosis of the disease in man during life is not always easy. The organisms 
can be cultivated from tbc blood, from abscesses and sinuses, superficial pustules, 
and the urine. Splenic or hepatic puncture may be useful for obtaining infective 
material. In one ease Martin (1931) isolated the organism from the cerebrospinal 
fiiiifl Suspected material should be cultivated on glycerol agar and inoculated into 
uiiinea-pigs. One patient tested gave a positive mallein reaction. Agglutination 
is not of iTiUch value, partly because most patients die before agglutinins have had 
time to develop, and partly because normal agglutinins to 1/80 or over are some- 
limes present in healthy persons. At autopsy the organisms can be readily isolated 
from the viscera! lesions. (For general review of the disease see Stanton and 
Fletcher 1932, de Moor ei tiL 1932, Bouchard 1932, Couture 1935.) 
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CHAPTER 63 


CHOLERA 

History. — ^Tliougli cLolera has beea eademic in India for centuries, there is 
no record of its spread to the rest of the world previous to 1817 (Kirchner 
1906). Between 1817 and 1823 it invaded many parts of Asia. The second 
pandemic, 1826-37, was more widespread. Starting in India, it spread to Russia 
in 1529, and thence to Poland, Germany, Austria, Sweden, and England. Through- 
out the years 1832-33 the whole of Europe was ravaged. Four thousand deaths 
occurred in London alone, and 7,000 in Paris. Canada and New York 
were infected by Irish immigrants fleeing from their native country. The population 
of Cuba was decimated, and there was a heavy toll of life in Mexico. The third 
pandemic, 1846-62, again invaded Europe and America. In 1854 the number of 
deaths in England was 20,000, in Italy 24,000, and in France 140,000. America 
was infected by way of New Orleans in 1848 ; thence the disease spread up the 
Mississippi valley and reached California. In the fourth pandemic, 1864-75, the 
isease prevailed widely over Asia, Africa, Europe, and America. The fifth pan- 
demic, 1883-96, spread over Egypt, Asia Minor, and Russia ; there was a severe 
outbreak at Hamburg in 1892 ; and several ports in France, Italy, and Spain were 
infected. The present or sixth pandemic, which started in 1902, has been confined 
chiefly to Asia, Egypt, and the Southern countries of Europe. Though the disease 
has frequently been imported into England and America, since 1873 it has not 
succeeded in gaining a foothold. With the improved sanitary arrangements of 
our Western civilization, cholera is being gradually restricted in its field ; and it 
will probably not be long before it is forced back and confined once more to a few 
endemic foci, such as those in Lower Bengal (Craster 1913a, Elkington 1916). 

Bacteriology.— At the Berlin Conference of July 1884 Koch (1886o) announced 
his discovery of the causative organism of cholera— the comma hacUlus or Vibrio 
cholercB. During the previous year in Egypt and in India he had examined the 
fseces of 32 patients during life, and the intestinal contents at autopsy of 62 patients 
who had succumbed to the disease. In not a single instance had he failed to 
demonstrate the comma bacillus. The organisms were most numerous in the lower 
half of the small intestine. In acute cases they were present in almost pure culture, 
hut in cases that had lasted longer, and in whom secondary changes had occurred, 
the vibrios were few and more difficult to find. In a smear from the rice-water 
stools or the intestinal contente of typical cases, the comma bacilli were arranged 
with their long axes parallel to one another, presenting a picture similar to that of 
fish in a stream. The oi^amsins were found in the intestinal contents, in the 
lumen of the glands, and even between the epithelium and the basement membrane 
of the mucosa. They were apparently confined to the gut ; the mesenteric glands 
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and tbe iriuod were sterile. As a eentrol, Kordi exatninef] tlie irAesrinal euriteri?«i 
of iiKiTe than 3u cadavers of patient'^ dyi]::z froai iiori-cLnlerai- — riin.wtrr 
— <iiseases, but lie faib^d to tiio vb rio ir^ a Tla^u'jL 

iiiiablo to iT^produee tla- disease in lo-wer cinhn.tU ad:iinii->ti.A*a .n of *i>* 
lie eaifto t«i tbe eHiielusi' n tljir it was detliiheiy eauoi of c 

Tbis ce*ntli:bion was cluilirnaed by a nuiii^er of aurL -'ririe- ijoliaa or.e or 
other of tLe iniilli^uriiiaeN tLe< rk'^ of dd>ea*^e current previ'ai'^i to iu] 'Terralojj'ul 
era, Diirina ti;e next b*w year:-* tlabr pov-ftion ’was strenatL'aa'd by di-Mseerv’ 
of vibrios iia all s«>irTs of 'situations — i‘la*eMO dirty veil, riv^-r a!jU wa^er. 
abscesses of pius, diarnio-al ueee,^ <}f patients with eliolera L^>s^ra-. nr d;. 
diseases, and other aninuil and^ -apropli} tie ^oud:«> Cbajca-r *J*2o S,:;"v 

many of these vibrios bore a cboe msL‘rn!daie'e tc» K^jcLIs comnoA ^.i-tuno oiol 
since their diflerentiation by ineans of the iiiorpLo>b"'iiieaL cuburai, ai;d pat:,!.* 
genieity tests that were then avaiiaijle vas ditheult ur tvoui iinpo-dble. nmve 
suspicion was cast on the cetiological signihcanre “f tino eleb'ra vi'r.rio. 

Later on, however, with the introduction of a more highljr spHibalized technique 
— especially the agglutination and compleinent-rixution anti Pftdllers 

phenomenon — it was possible to show that the majority of these vilifios differed 
in one or more essential respects from the comnui Lafillus. Even then the con- 
fusion was not altogether cleared up ; f^r vibric^s were isolated frruii persons wrho 
had been in contact with cholera patients, and from water supplies in xtreas where 
cholera was epidemic, which, though conforming to true cL««lera type in most 
respects, yet failed to agglutinate with a specific serum. Intensive .study uf these 
inagglntinable strains has rendered it probable that niany of them Lelmig to the 
cholera species, but that through the effect of environment they have undergone 
slight changes W’hich render their identification when first isulaied peciili trly 
difficult. By frequent subculture in the laboratory and passage through the 
peritoneal cavity of guinea-pigs or mice many of these strains appear to have 
recovered their agaluti liability (Zlatogoroff 19b>9, < raster 1914, Tavlor and Ahuja 
1935 ). 

Koch’s observations have been repeatedly confirmed in all parts of the world. 
In large outbreaks of cholera, the comma bacillus has been found in nearly every 
case ; and the further study of the vibrio has left little doubt in the minds of most 
observers that it is the specific cause of the disease. It is only fair, however, to 
point out that not everyone accepts this Unitarian view of the origin of cholera. 
The place of the El Tor vibrio, in particular, has for long given rise to discussion, 
which the observations of de Moor ( 1938 ) in the Celebes outbreak of 1937 have but 
served to accentuate. In this outbreak de Moor isolated hsemolytic agglutinable 
vibrios from the patients themselves and from a number of healthy contacts. 
Van Loghem ( 1938 ), who examined de Moor’s strains, concluded that they were 
identical with El Tor vibrios, and being unable to deny their pathogenic role con- 
cluded that the Celebes outbreak was not true cholera, but a specific enteritis 
caused by the El Tor bacillus. Otten ( 1939 ), however, found that the hemolytic 
activity of the Celebes strains was considerably less than that of true El Tor strains, 
and therefore left the real nature of the Celebes outbreak undetermined. The 
differentiation of the El Tor from the true cholera vibrio is not aivrays easy, but 
most recent workers who have given their attention to this problem (see Tassiliadis 
1937 , Venkatraman, Krishnaswami, and Kamakrishnan 1941) are of the opinion 
that the El Tor vibrio is not a cause of true cholera. 
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tlie <lisea&e is essentially due to ilie growth, often in almost 
ointsirn. of (‘hol*‘ra vibrios in the intestine. On their autolysis the organisms 
libfTa^t^ T' txic thai have an extremely irritating effect on the intestinal tract, 

te severe and repeated purging, exhaustion, and death. 

Experimental Reproduction oi the Disease in Animals and Man. — Natural cholera 
ill aiiitiiais is unknown, hut there are certain experimental procedures by which a 
di'-ease elustdy lesembling cholera can be reproduced in guinea-pigs and rabbits. 

Using dogs and rabbits, Nicati and Rietseh (1884:) found that the direct injection 
of comiiia bacilli into the duodenuni was followed by a fatal disease, characterized 
by the pTesence. of vibrios in large numbers in the small intestine. Koch (18866) 
<*fintirmed this observation on guinea-pigs, but pointed out that the frequency 
of a fatal terininaTion depended on the amount of trauma accompanying the 
injection. He tried to infect the animals by the mouth ; and in order to enable 
the vibrios to pass through the stomach unharmed, he rendered the gastric contents 
alkaline by the adniinistration of 5 ml. of 5 per cent, sodium carbonate solution. 
Twenty guinea-pigs treated in this way were shortly afterwards fed with 10 mi. 

< fl a broth culture of cholera. Only one died — an animal that had recently aborted. 
This suggested to Koch that the relaxation of the animabs intestine might have 
b«eii responsible for the infection. Into his next batch of 35 guinea-pigs, therefore, 
besides giving the sodium carbonate and the cholera culture, he injected 1 ml. of 
Tinct, opil intraperitoneally to paralyse the gut, and to prolong the stay of the 
vil^rios in the small intestine. The result was that 30 of the animals died, dis- 
playing before death weakness of the hind limbs and collapse. At necropsy, the 
small intestine w’as deeply injected and Med with a flocculent colourless fluid, 
containing the vibrios in almost pure culture. 

Metchnikoff (1894), wTirking at first with the Massauah bacillus, and later with a true 
cholera strain, wm able to convey the disease to sucking rabbits by rubbing the vibrios 
on the mother s teats. Diarrhoea usually followed, and about half of the animals died 
— ill 2 to 5 days. What was even more interesting was that if the animals, shortly after 
they became ill, were put alongside litters of normal rabbits, many of the latter became 
infected, Sanarelii (1921), from experiments on very young rabbits, concluded that the 
vibrios W'ere absorbed by the bucco-pharyngeal mucosa, passed through the cervical 
lymphatic glands, entered the blood stream, and were excreted into the emeum and colon, 
whence they ascended the small intestine, and gave rise to the typical lesions of the disease. 
After the rabbits were 10 days old they could no longer bo infected by tbe mouth. In 
man, however, tissue invasion appears to be very uncommon. 

Adult rabbits can also be infected experimentally, though by a different route. Thomas 
( 1S93) found tliat if they were injected intravenously with living vibrios, most of them died 
within 36 hours ; diarrheea was present as a rule only in those that lived longer than 
24 hours. Post mortem, however, in all the animals there was a creamy, soup-like fluid 
in the duodenum, and rice-water in the jejunum and ileum, containing vibrios in large 
numbers. Small ecchymoses of the mucosa were also seen. These findings were con- 
firmed by Issaeff and Koll© (1894), who pointed out that the most typical picture occurred 
in those rabbits wMch survived for 3 or 4 days after injection. At the post-mortem 
examination of these animals, as well as the changes already described, most of the epithe- 
iittoi was found to be detached, so that the internal surface of the small gut was lined 
by the basement membrane. Isolated patches of epithelium were packed with vjbrios. 
Of 35 rabbits inoculated with doses varying from 1/20 loopful to 9 loopfuls of an 18-hours’ 
agar culture, 27 died. 

la man there have been nmneroiis cases of laboratory infection, both in- 
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teationa! and uiiintentiunal, rt^snlting koin cLulera cukiireri. K<jcL »’ 1 re-‘ordif*fl 
the case of a riicdicui man who atteiifkd a basdcrioh 'apical r^iur-e in Berlin, and 
developed cholera. Since there was nu clolera at the time eitLf-r ir. tsr the 

rest of GiTiiiaiiY, it is pra<-Tieully certain that Le contracted LB infectnai in the 
iahoratory, iJr. Oerirol of Harahiirsi liiferdcd Lim^’sdt with the peritc-neal coin Lite 
of a giiiLea“p:!j that !;nd h»o-n :n]ected with (^holora viiTios ; a dro]( i;p 

and enn^Te'd his in^evL. Tiie h«liowin:i day he was ill, and a fenv flay-: later in* 
died in coma. Tlo-re was cholera in olerinany at th.d rhtoo Ph-ider 
and PfuM (see Koile lorh Ci^nlraoteil infection in the lahoraiory. Ffein»*r, 

who infected Liiaself at BiTlin while mukircj animal experiments witli a stmiii 
freshly isolated ironi a cholera ease in Hamf-um. developed a '^-Larri a^ta^d: : \ihrl o 
were found in his fa3ces and persisted till the o3rtl day of the diseuMn AiYil AAr- 
tO' F. cIiohrcB -were demonstrated in his serum. Pfuhl had onij a mild Jittach, 
vibrios persisting in his faeces for S days. Xunierous oti.er im-tan*:es art: reicfrhicd 
of similar laboratory infections (Koile and Schurnunn ltd 2). 

Amongst the intentional cases, the best known are those of von Petrenkofer and 
Emmerich. Doubting the value of Koch's work, both these ubservtU'S decided 
to test the efiect of the vibrio on themselves. After a preliminary duse of sodium 
bicarbonate, they drank some water to which a small aiiiouiii of fresh choic^a 
culture had been added. Von Pettenbjfer suffered from dkrrhoa only; but his 
less fortunate companion developed a severe attack of cdioh^ra. As well as having 
diarrhaa with typical rice-water stools, he passed into a ptfifoimd state of t^xauaia 
with suppression of urine and the rox cholerim, Many attempts to produce artificiiil 
infection in man have, how*ever, been fruitless. Metchiiikofi (ISUoj carried out a 
number of experiments on himself and others, sometimes with pt^aitive. but more 
often with negative results. So far as the aetiology uf the disease is eonceriio*!, 
negative experiments are, as Koch pointed out, of little value. We do m d kiM »w 
all the factors that are necessary fur the reproduction, of the disease, and quite 
often the conditions in individual experiments must be unsuitable. The experi- 
ments that Xatuie provides on a large scale are far mure convincing. 

The Toxins of Vibrio Cholerse. — These have already been described in 
Chapter 22. 

Epidemiology, 

In India cholera is most prevalent during the hot weather. Thus in Low^er 
Bengal the maximum incidence is reached from February to May ; in the Punjab 
from May to October (Rogers 1911). The disease is commoner in men than in 
women. The case mortality is lo^west in the 1 1-20 age group, and increases with 
age ; in the figures cited by Rogers the case mortality in patients between 11 and 
20 years of age was 51*3 per cent., in those over 50 years of age it was 73*7 per cent. 
The effect of atmospheric conditions seems to vary in different parts of India; 
those who are interested will do w^eli to study the very careful statistical analyses 
made by Russell and Sundararajan (1928). The disease in India occurs with a 
certain periodicity, and by calculations based on the relevant data it is said to be 
possible to predict an epidemic 2 or 3 months ahead of its occurrence (Russel! and 
Sundararajan 1926-27), 

The true home of cholera is the delta of the Ganges. Here the disease has 
occurred year after year for centuries. Previous to 1817 it had apparently nevcT 
spread widely from this area, but since that year it has manifested an increasing 
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to invade not only otlier parts of India, but almost the whole world. 
Tie now recurs so constantly in certain areas, such as the West Indies, 

trout hern China, the Philippines, Persia, Arabia, and South-East Eussia, that these 
mu.-t be regarded as endemic foci. In other areas it usually dies out, though it 
may be reimplanted from time to time. In India alone the number of deaths 
from cholera during the 10 years 1S9S-1907 was 370,000 or 1*64 per 1,000 of the 
population. It is the low-lying alluvial tracts and the seaports that are most 
invaded ; on high land the disease spreads less readily. 

Mode of Spread.-— There are many ways in w^hich infection can be transmitted 
from the sick to the healthy person. A study of the epidemiology of cholera 
indicates, how^ever, that outbreaks can be divided into those dependent on (1) 
water-borne infection, and (2) case or carrier infection. 

The classical example of a water-borne outbreak is the Hamburg epidemic of 
1802. Hamburg, and two of its suburbs— Aitona and Wandsbeck— were provided 
each with a different water supply. Hamburg drew its water from the river Elbe 
at a point above the city, and did not filter it., Aitona drew its water from the 
Elbe below Haiiihurg, after the fiiiid refuse and feces of nearly 800,000 people 
had been praired into it, but it took the precaution to instal a highly efficient sand- 
filtration plant. Wandsbeck received its supply from a relatively non-polluted 
lake, and likewise filtered it. On August 16, 1892, a case of cholera was reported 
in Hamburg. Others occurred in rapid succession, till by the end of the month 
there w'ere about 1,000 fresh cases a day. Wffien the epidemic came to an end, on 
October 23, the figures were : Cases 18,000 ; deaths 8,200. The incidence of 
cholera in Aitona and Wandsbeck was in comparison very low. Aitona reported 
51G cases, but there is reason to believe that most of these acquired their infection 
in Hamburg. On the Hamburg-Altona frontier the line of demarcation between 
the two towns was very irregular, and there was much overlapping of the water 
supplies. It was observed that in the same street the houses that were supplied 
with the Hamburg water were invaded by cholera, whereas those supplied with 
the Aitona water were spared. The Elbe was probably infected originally from the 
excreta of cholera patients on board the numerous barges anchoring opposite the 
Hamburg water intake. During the outbreak, cholera vibrios were isolated from 
tlie river not far below the mouth of the main Hamburg sewer (Koch 1894). There 
is here a perfectly clear demonstration of the ability of water to convey the 
cholera vibrio, and of the efficacy of sand-filtration in protecting a town against 
a highly polluted source of water. Numerous other outbreaks are on record in 
which the water supply has become infected and has led to the development 
of cholera. 

Epidemics originating in this way are generally explosive ; the ascending limb 
of the incidence curve rises very steeply ; the epidemic soon reaches its maximum, 
and with the cleansing of the water begins to fall. The decline is, however, less 
steep than the ascent, probably because a number of contact infections occur that 
are not dir^tly dependent on the water-borne infection at all, and therefore con- 
tinue to arise even after the water is clean again. 

The second methexi of infection— -cuse or carrier iufecHon — is the one by which 
the disease is spread from place to place, and attains its widespread distribution. 
Infected mateial is conveyed from the sick to the healthy person, either by water, 
food, m infectwi linen, , Milk, raw bruits and vegetables, and other uncooked food 

aH able to »ive as media for the transference of the vibrio. Clothing, especially 
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the organisms were dead in a week; none siirviv* d I'jr’ger tLiii t and 

Simpson (1S95) in Calcutta Lrungiit cnidenre to HjfW that the -’irviv.il th^* \ibri ! 

in w^ater w’as less than 5 weeks. Hume iiatarai wnteiv, s’ldi as the Jiirana aii.i the f Ganges 
(Hankin 1896), appear to be unfaTonrable tu its Mirrivai. Prubably !i;ueli deptaids on 
the purity of the water. In spring waiter the Iiv*'d ft»r 3o tiay-^, in Berliri bi‘WiT 

W’ater for 0 to 7 days, and in eesopuul water fur than 24 liuiirs tivo-'h 

Speaking generally, we may say that heat and de>i» Odilon are rapidly d^strue- 
tive ; but that under suitable conditions uf moisture and teinperatare the cholera 
vibrio may survive outside the body fur a coiisiderahh* time. 

Patients w’ho have recovered from cholera may continue to excrete the vibrio 
— often xeij irregularly — lor some weeks . As a rule aljout lltj pier cent, become 
free from infection within a fortnight, and 99 per cent, in a riicntli. But occa- 
sionally the vibrios may persist for 3 to 4 months, or even — as in one recorded case 
— for a year. It is not only convalescents, however, who are infective; healthy 
persons who have been in contact wdth cholera cases may become infected and. 
excrete the vibrios without manifesting any sign of the disease. Sometimes 
cholera eventually develops in these healthy carriers — pjossiUy owing to an 
alimentary indiscretion — and if this occurs s<»me time after their contact with 
cholera patients it may he very puzzling to trace the source of their infection, 
Munson (1915), for example, discovered three healthy carriers in a prison in Manila. 
These were isolated and examined daily. Two of them, after having been carriers 
for 16 and 17 days respectively, developed cholera, and the third developed it 
after 18 days and died in 8 hours. As Munson points out, this man might have 
travelled half-way round the world scattering Ms infection broadcast during Ms 
18-day period as a carrier, and died of true cholera in a place many thousands of 
miles from any other source of infection. These cases are probably exceptional, 
but there is evidence to suggest that many persons do not develop the disease 
clinically for some hours^ — 24 or more — after the vibrios are demonstrable in the 
fseces (Crendiropoulo 1912). It is probable that the cholera vibrio often survives 
in the gall-bladder, and from there is excreted into the intestine. Greig (1913), who 
examined the bile of 271 fatal cases of cholera, isolated the specific vibrio from 80 
of these, and found evidence of cholecystitis in 12 of the 80 positive cases. Similar 
results are reported by Schobl, Kulescha, Hunter and others (see Elkington 1916). 
Sometimes it is excreted in the urine (Greig 1915-14a). 

The spread of contact infection may be aided to some extent by flies. Cholera 
vibrios have been isolated from flies taken in infected houses, from flies caught in 
a post-%iortem room in wHch cholera corpses had been examined, and from the 
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“4* iiiei caiigiit 17 hours after their experimental contamination (Elkington 

Contact infection is responsible for the usual chain-spread of cholera. Cases 
occur in cliilerent localities, often widely separated from each other, exhibiting a 
regular sequence of infection. With the rapidity of modern transport it is often 
verv difficult to ascertain all the links in a given chain. When it is remembered 
that infection may be carried and transmitted by apparently healthy persons, the 
magnitude of this difficulty will be appreciated. An excellent example of this 
rhaiii-spread is afforded by the Hamburg epidemic of 1892. This, as we have 
already stated, was due to an infected water supply ; hut from Hamburg the 
disease was carried by infected persons to nearly 300 places in Germany and other 
countries. 

Often the presence of a carrier in a community is rendered probable by the 
development at intervals of clinical cholera cases for which no obvious source of 
infection is recognizable. The production of these ‘‘ cholera nests,” as they are 
called, is particularly frequent in the East, where the sanitary conditions are poor. 

The two methods of infection described may be, and frequently are, combined. 
In the suburbs of Calcutta, for example, the tanks, wffiich supply a large proportion 
of the native population with water, are freely open to pollution from cholera cases, 
so that whenever a tank belonging to a given household becomes contaminated, a 
small outbreak may result. Since the trater in these tanks is used not only for 
drinking, but for w’ashlng, bathing, and sewage disposal, it is not surprising that they 
are frequently responsible for the conveyance of infection. 

Diagnosis. 

The bacteriological diagnosis of cholera may be very easy, or remarkably 
difficult. He^e we can indicate only the outline of the methods to be employed. 
(For further details see Koch 1886a, 1894, EUermann 1904, Crendiropoulo 1912, 

Craster 1913a, &.) 

The faeces or intestinal contents should be examined microscopically. A flake 
of mucus, for preference, should be spread on a shde and stained with dilute carbol- 
fuchsin. If comma bacilli are present in pure or almost pure culture — especially 
if they present the typical fish-imstream appearance — a provisional diagnosis of 
cholera can be made directly. By this means alone Koch (1894) was able to diagnose 
about 50 per cent, of the specimens sent for examination to the Institute for 
Infectious Diseases at Berlin. If, however, other bacilli are present, it is advisable 
to suspend judgment till further examination has been made. 

The faeces should be transported to the laboratory as rapidly as possible. If 
more than a few hours are likely to elapse before their reception, they may be 
put into a preserving solution such as the borate saline mixture described by 
Venkatraman and Eamakrishnan (1941). On arrival at the laboratory they 
should be seeded at once into a tube of ordinary peptone water (1 per cent, peptone, 
0*5 per cent. NaCI). In this medium, cholera vibrios are able to grow more rapidly 
than other intestinal bacilli. Multiplication occurs chiefly at the surface, where 
& thin pelHcle forms in the course of a few hours. After 6 to 12 hours’ incubation 
at 37® C., a loopful taken from the smrface should be filmed, and if vibrios are 
pr«nt, a fesh tube of peptone water should he seeded and an agar plate streaked 
with a loopM taken from the surface of the culture. Alternatively a selective 
mwiium, such as Bieudonn^’s (see Tedder and van Dam 1932), the phenolphthalein 
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liight in the cold before reading. A su.'.jHaidun uf ‘oMnie^ oei xla a„cir 
be made in 0-2 jier cent, forinol, and tested agaij.^t ari aa^giutiiian^iu “‘aum ' « »]'T jir- 
iiig the sper-iiie cholera 0 fsub-group Ij a!:tii ^idy iMrd'icr m ,i VonlarraLUin 
1935); living vibrios may be u<ed iiistead, I -at not boia^d or 'dh ^rof^rosM Mi- 
pensions. For practical purposes iL^* holation nf a iiMU-lrimolytic vibrio with the 
specific O antigen of sub-group 1 may rcL^ardMil a- nlvdii^^Al^ td cholera. \dbri«is 
having the 0 antigen of sub-group I. luit Laaiirjiydnu htieep. or lccaI” n-d cell^. beloinr 
to the El Tor group. Xot too much wMgiit, “Lould ’r^e fh'd^-e<i mi the 

haemolytic or non-ha?molytic acthity of the (^rgani^nn dnce the abihty to produce 
an active hoemolysin seems to depend ou a nmnber of fa« ror> wlikii are lait always 
easy to control (see Chapter 22). 

If the cholera tibrios are scanty, and particularly if tli4‘y urt bring soiiuht 
for in water, it is adtdsabie to incubate the material in a >ulpiiite bhiiiuth ennc}iin'.i 
fluid medium such as that described by Read {1939| or Wilson and Krdiiy |i94Uj 
before plating out. A higher proportion of succes>fiil isolatiun.^ may lie expected 
by such a method (Seal 1939). The final identification uf the orgaiU';!ii siiould 
be made by the absorption of agglutinins test and by Pfeitrer’:^ ilSlIoj reaction. 
For this 4 guinea-pigs are required. ( 1 ) 1 loopful uf an 18 hours’ agar culture 
at 37^ Cl, suspended in 1 ml. of broth, is mixed with 0*001 ml. of a high-titre 
cholera antiserum and injected intraperitoneallj. (2) The same inoculum, with 
0*002 ml. of antiserum. (3) The same inoculum, with 0*01 nd. of normal serum. 
(4) 1 loopful of culture alone is injected. The 3rd and 4th animals act as con- 
trols. Immediately after injection, and 20, 40 and 60 minutes later, a drop 
of peritoneal exudate is removed by a fine Paj^teur pipette from each of the four 
animals, and examined in a hanging-drop preparation. If the reaction is posi- 
tive, in animals 1 and 2 the vibrios will lose their motility, swell up, and undergo 
granular degeneration ; in animals 3 and 4 the drop wdll be seething with actively 
motile, comma-shaped vibrios. The reaction may alternatively be carried out 
in vitro. Pfeiffer’s reaction is highly specific. If a mixture of F. cholermt and 
V. metchnihom^ for example, is added to an immune anti-cholera serum and 
injected into a guinea-pig, only the cholera vibrios undergo lysis ; the others are 
unaffected, multiply, and kill the animal. 

During an epidemic of cholera the bacteriological diagnosis can usually he made 
by simple microscopical and cultural examination, supplemented, if necessary, 
by the cholera-red and the agglutination reaction. But in non-epidemic times, 
or at the beginning of an epidemic, especially in a country usually free from 
cholera, the diagnosis should never be made till all the tests described have been 
performed and found positive. 
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The identification of vibrios from caxxiexs or cholera contacts, and from non- 
iiuman sources sucii as water or niilk^ is often very difficultj and lias to be performed 
with tile utmost care. Tibrios are often found under these conditions (Dunbar 
1893, Kutscher 1893, 1895, Gotschiich 1895, 1906, Hafikine and Simpson 1895, 
XeuMd and Haendei 1907, Eufier 1907, Zlatogoroff 1909, Crendiropoulo 1912, 
Cmster 1913a, 6, 1914, Jennoljewa 1926) that bear an extremely close resemblance 
to the cholera vibrio, and can be differentiated from it only by intensive study. 
E\'eii in cholera stools, antigenically atypical forms, such as those described by 
Chen ( 1932-331, Yang and White (1934), AoM and Oshiro (1934), and ^Yhite (1935), 
are often foniid. In the examination of such vibrios, attempts should be made by 
repeated subculture and intraperitoneal inoculation of mice or guinea-pigs to bring 
about a change to the typical antigenic form. Most non-cholera vibrios are harm- 
ieps to guinea-pigs, but the pathogenicity test cannot be relied on exclusively. 

In the examination of suspected convalescents, besides looking for the vibrio 
in the fseces, it is well to test the serum for agglutinins and bactericidins. When 
a large-scale investigation has to be carried ont in the search for carriers, a rectal 
swab should be taken from each person and inoculated into peptone water. Sub- 
cultures and plates are made from this after 6 to 9 hours’ incubation. Using this 
method Craster (19136) at the Quarantine Station, ISTew York, examined nearly 
27,000 immigrants in 4 months, and identified 31 as carriers. 

Prophylaxis and Treatment. 

The prevention of cholera is similar to that of typhoid. Owing to the serious 
nature of the disease stringent precautions have been taken, particularly at sea- 
ports, to prevent its introduction into countries usually free from cholera and its 
subsequent dissemination. (For an account of these see Elkington 1916.) 

Vaccination. — Ferran (1885) in Spain was the first to attempt vaccination 
against cholera. He injected small doses up to about 0*5 ml. of a living broth 
culture subcutaneously ; a severe local and general reaction followed. The results 
were not satisfactory ; and the work was suppressed by the Government. 

Haffkine, a pupil of Pasteur’s, then took up the problem. He (1892) prepared 
two living vaccines : (1) consisting of vibrios whose virulence had been attenuated 
by frequent cultivation in a constantly aerated atmosphere ; (2) consisting of 
vibrios whose virulence had been exalted by 20 to 30 passages through the peri- 
toneal cavity of guinea-pigs. These vaccines were used on a fairly large scale in 
India ; sometimes only the first vaccine was given, sometimes both. The figures 
have been published by Haffkine (1895a, 6, 1913), and critically discussed by 
Kolie (18965). It is impossible here to give the results in tabular form. The 
injections were made on numerous tea estates, in regiments, gaols, and families. 
The numbers of inoculated and uninoculated were o^ten unequal ; the two sets 
were unevenly exposed to risk of infection ; in some instances the inoculation was 
performed during the progress of the epidemic ; in others the disease did not break 
out for a year or more after inoculation ; and the cases that did occur were too 
few to afford a correct idea of the comparative immunity of the two groups. 
Hafikine’s statistics have been carefully examined by Greenwood and Yule (1915), 
▼ho point out the variability of the r^ults of inoculations performed in different 
areas. They conclude, however, that certain of the results establish a presumption 
in favour of the value of Haffkine’s inoculation. 

lAter (1911, 1913), Haffkine abandoned his living vaccines, and recommended 
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tlie use fif Ms vaccine ii, killed by beat at 5U" C. for a few minutes,, and preserved 
witli 0*5 per cent, Ko]Ie |189C€tj was tlie first to introduce tbe killed 

vaccine. By on and Lis cfilleagues, be sliowed tliut tlie 

iiijectitsii of 1 bJ 1 b of u lU-bouTs’ uuar culture, killed !>y cHorofonii vaj^uir 
or Leaf, snrinuatrd tLo pr«.<caict a tn of ‘-j.eoitL* Luctericidal antibodies. His vaccine 
La^ ]*een tuaployed oii a fairly larno by Muruta (lbU4;, in Japan, and by 8avas 
(IJld) m Greece. ILe of Muratu's re^uhn is very ritsubtfiil, since 

only one inoeiilatn *!i was given, ana tbero is some doubt to tbe Loiiioi'eneitv 
of Lis statistics (see Greenwood and Yule lldb). Ravas einjuoved anti-i'Lok'ra 
vaccination in the Grecian Army during the serond Balkan War. A< tpe 
part of the inoculations were made during tie pneiess of the cholera epirmirie. it 
follow’s that the exposure to risk of infection was different amonu^i t'ae iin'CuLitefi 
and the uninoculated. For this reason statistical analysis of most id Ravas* figures 
is not likely to afioid much information as to the value of vaceinatiem. An exeep- 
tion must be made for the Sanitary Cork's, nearly ev< ry member of wh received 
twTO inoculations before the disease broke out. A cumpari'on made 1 etweeri the 
incidence of cholera among the niembers of the Sanitary Corps and among the 
combatants is recorded in Table T2o (taktm from Greeiiw<jud and YMie 1915). 

TABLE 120 

Xot Attacks ‘d. Attu«'!s.Hi. | iLtai. 


2,SS4 i rs. , 2, SOT 

112,613 ; 2,102 ; 114,805 


115,497 , 2,205 , 117,702 

:)(« = 32-79. P = less than 0-0001. 

The value of is high ; and the probability that the difference in the attack 
rates between the two groups is attributable to chance is much less than 1 in 10,000 
(see p. 1551). Greenwood and Yule (1915) conclude from these results that 
“ anti-cholera inoculation ... is a prophylactic step of importance, although an 
exact statistical measure of the degree of relative immunity conferred cannot be 
provided.’’ 

Koile’s vaccine — a 24-hours' agar culture killed by heat at 55° C. for 1 hour, 
and preserved with 0*5 per cent, phenol — has now replaced all others. The 
standardization and dosage of this vaccine vary in different parts of the world. 
Two doses, each of 2,000 million organisms, at an interval of at least a week, should 
be given. If only one dose is practicable, 4,000 to 8,0(K} million organisms may 
be recommended (Dzen and Y’u 1936). According to Griffiths (1944) antibodies, 
demonstrable by a mouse protection test, appear in the semm one week after 
vaccination. 

Bacteriophage Treatment — Administration of bacteriophage is now being tried 
both prophylactically and therapeutically in the treatment of cholera. The data 
so far collected are scanty and refer to native populations, amongst wlioiii the 
collection of exact records presents peculiar difficulties (see Ylorisoii 1932, Asheshov 
et at 1930, Asheshov 1933). YVhat is usually regarded as the ideal method— 


Sanitary Corps 
Combatants 

Total , 
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thiAt of treating alternate cases— is not only generally impossible but may be 
iiiit'b‘sirabks since under primitive conditions of sanitation rapid transference of tbe 
bacteriupliage from treated to untreated persons is likely to occur. Comparisons 
Lave usually to be made (1) between a group of treated and another of untreated 
putieiitB in any given epidemic ; unless the two groups are jjracticaiiy identical in 
age, sr*x, time of exposure, risk of exposure, and other relevant factors, such a 
coiiiparison may yield very misleading results ; (2) between the mortality in treated 
cases ill one epidemic and that in untreated cases in a previous epidemic ; since 
the case mortality in different epidemics is subject to considerable variation alto- 
gether apart from any active interference on the part of man, this method is likewise 
uiisatisfacTory. ¥or the moment, therefore, we must reserve our judgment on the 
value of bacteriophage treatment. "We may note, however, that in cholera the 
bacteriophage ought to be acting under probably more favourable conditions than 
in any other dis:ease. The organisms are multiplying in the fluid contents of the 
intestine, not in the intestinal vrall, as in dysentery and enteric fever, where the 
action of the bacteriophage is likely to be nullified by the tissues. In view of the 
favourable light in which this method is regarded by many clinicians, it seems 
probable that it does have some beneficial effect on the course of the disease, but 
in this, as in other similar problems, we must await the collection of adequate 
statistical material before coming to a definite decision. 

Serum Therapy. — Antisera to cholera are readily prepared by the injection of 
goats or horses with dead, followed by living, vibrios. The resultant serum has a 
marked pro'phyiactic effect when tested by the intraperitoneal method in guinea- 
pigs, but unfortunately its therapeutic powers are low. Injected more than an 
hour or so after the vibrios, it fails to save the animaTs life (Pfeiffer 1894). This 
is doubtless because the antibodies in the serum are chiefly bactericidal, and are 
unable to neutralize tbe toxins liberated by tbe disintegration of the vibrios. For 
the treatment of cholera cases, a serum is required that has a high anti-ondotoxic 
titre. Several attempts have been made to produce such a serum. Macfadyen 
(X906) used an extract of young agar cultures ground up in liquid air for immunizing 
rabbits and goats. Tested on guinea-pigs 0*5 ml. of the rabbit’s serum, after 
inoculation of toxin, protected against 8 lethal doses, and 0*002 ml. of the goat’s 
serum protected against 3 lethal doses. Schurupow (1909) immunized horses with 
an alkaline extract of 2-days’ cholera cultures, and apparently succeeded in obtaining 
an anti-ondotoxic serum. Unfortunately these sera have not been used on a large 
scale in practice, and it is impossible, in spite of the favourable reports (Savas 
1914) that have been made on them, to estimate their value in treatment. 

(Sbemotherapy. — The information so far available on the value of the sul- 
phonamide group of drugs in the treatment of cholera is promising. Hopeful results 
have been reported by Chopra, de Monte, Gupta and Chatterji (1941) and by Huang 
(1944) from the um of sulphaguanidine. During an outbreak in Hweilin, Huang 
gave adult patients an initial dose of 3 gm., followed by six 1 gm. doses at 2-hourly 
intervals, and 1 gm. doses every 4 hours for one to two days. The patients are 
said to have improved within 3-4 hours after taking the drug ; the stools became 
aegatii' e in 8 hours. Of 22 patients treated, *only one died. Previously, patients 
treated in Kweilin by the routine method of hjqiertonic sabne, kaolin, potassium 
pennan^imte and so on had a case mortality of 26 per cent. 
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CHAPTEK 64 
MEXKGITIS 


IXTKODUCTORY 

Meningitis is an inflammatory afiection of tte membranes surrounciiii'i the Iraia 
and spinal cord, wMcIl occurs sometimes as a primary disease, and so:in-times 
secondarily to disease of some other part of the body. 

Prior to the advent of bacteriology the tuberculous form was recognized, the 
cerebrospinal form when it occurred in epidemics, and the post-basic form in 
children. 

The discovery of the tubercle bacillus by Koch in 18S2 provided a bacterio- 
logical means of differentiating the tuberculous from other forms of meningitis. 
Pneumococci were shown by Praenkel (1886), Poa and Bordoni-rSreduzzi (1886), 
and others to be responsible for the meningitis which occasionally complicates 
lobar pneumonia. In 1887 Weichselbaum of Tienna published his ckssicul 
paper on the finding of a Gram-negative diplococcus in six cases of acute 
cerebrospinal meningitis ; this organism he named the Diplococcus inlTOcellnlaris 
meningitidis. The same year his work was confirmed by Goldschmidt (1887) 
and by Edler (1884-88). Jaeger (1895), in describing the differences between 
the pneumococcus and the meningococcus, assigned to the latter characters which 
it does not possess, and numerous papers were published during the follow- 
ing 10 years dealing with the differences between his description and that of 
Weichselbaum (Scherer 1895, von Hibler 1896, Heubner 1896, Kiefer 1896, Kister 
1896, Still 1898, Councilman et al. 1898, Faber 1900, Jaeger 1903a, b, Albrecht 
and Ghon 1901, 1902, 1903). The correctness of Weichselbaum’s observations 
was finally established by the extensive studies of von Lingelsheim (1905a, b) 
during an epidemic of cerebrospinal fever in 1904-5. Since that date the 
Diplococcus iniracelluhris meningitidis of 'Weichselbaum, or, as it is now called, 
Neisseria meningitidis, has been recognized as the causative organism of the 
disease. Still showed in 1898 that the post-basic meningitis of children is due 
to a Gram-negative diplococcus apparently identical with Weichselbaum’s, and 
subsequent work has shown that the two organisms are the same. 

Other forms of meningitis will be dealt with at the end of the present chapter 

Cerebrospinal Meningitis 

This is an infectious disease chaiaeterized by inflammation of the meninges, 
particularly at the base of the brain. It may be acute or chrome, and may occur 
sporadically or epidemically. The causative agent is the meningococcus. The 
isease can be reproduced experimentally by the intrathecal inoculation of virulent 
meningococci into monkeys and rabbite (see Chapter 23). There is reason to 
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belF^re flat the pat!aologir*ul manifestations are due inainiy to the presence of 
cnd< itoxiic suhstancos, wliich are contained in the bacterial cells and are liberated 

will * 21 tLe-e undergo autolysis. 

Epidemiology. 

I. History and Incidence.— Tiie first definite knowledge that we have of cerebro- 
spinal fever is due to Yieusseux. who in 1S05 described an outbreak of the disease 
at Gf*in*va. In the following year it appeared in Medfieid, Massachusetts, and 
duTiOL^ it attacked the Prussian Army. Since then it has invaded most 

cftiiiitries in tin- world, rising at one time to epidemic proportions, subsiding at 
other times to remain dormant for long periods, but inevitably reappearing in 
outbreaks of sif^ater or less severity. The disease has, in fact, shown a gradual 
increase, both in geogiapliicai range and in the number of persons it has attacked. 
Thus, ac'crirding to Hirsch (1886) from 1805 to 1830 the disease was most prevalent 
in the United States ; from 1837 to 1S50 France was attacked most severely ; from 
1834 1874 epidemics occurred both in Europe and in America, and from 1875 

d«"iw!i to the present time not only these two continents but Asia, Africa, and 
Aii«itralia have been invaded (Low 1916). 

The first undoubted case reported in Great Britain occurred in 1830. From 
that date the disease remained endemic in this country, giving rise to occasional 
small outbursts. Our knowledge of the disease previous to 1912, the year in 
which compulsory notification was introduced, is largely furnished by the death 
returns ; these record a gradual rise from 1900, when 9 deaths were recorded in 
England and Wales, to 1911, when 134 were recorded. In 1907 there was an 
outbreak of epidemic proportions in Scotland and Ireland ; Edinburgh had 206 
cases with 135 deaths, Glasgow 998 cases with 715 deaths, and Belfast 623 cases 
with 495 deaths. 

The first large epidemic recorded in England occurred in 1915. It began late 
hi 1914 amongst the Canadian Expeditionary Force (Reece 1916) quartered on 
Salisbury Plain, and rapidly spread, involving both the civil and the military 
pipiilatiun. The following figures are instructive (Rolleston 1919) (Table 121). 


TABLE 121 
England and Wades 



Cases. 

Deaths. 

1912 

272 

142 

1913 . 

304 

163 

1914 . 

300 

206 

1915 

2,343 

1,621 

1916 ...... 

1,278 

838 

1917 . 

1,385 

906 


During the war of 1914-18 the British Expeditionary Force in France was 
attacked with some severity ; the French Army suffered less, and the German 

Army hardly at all. 

New^ York suffered severely in 1904-05. In the latter year there were 2,755 
eases with 2,026 deaths (Flexner 1907a-). Extensive outbreaks were reported in 
France in 1909—10, and in Texas in 1912. Mo3^ recently the disease has increased 
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in some countries. Tliere was a particularly severe outbreak in tLe riiited 
in. 1928—30 (see Hedrich 1931). In England and Wales the incidence from 
300 cases and 284 deaths in 1923, to 2,152 cases and 1,440 deaths in 

The disease attacks particularly children and ad*ile.-fents. 
finds that the most susceptible age is 0 to 5 years ; the suscf^ptihilitv dijlitlv 
less from 5 to 10, distinctly less from 10 to 15, and fur the remainder of life it remains 
fairly low — at about 1/5 of that of the 0 to 5 age period. In the Danzig epidemic 
of 1865, 93 per cent, were under 5 years of age. The disease is uniL>ind, htjwever, 
in the first 3 months of life. It is somewhat commoner ain*jng>t hut 

this appears to he related more to increased opportunity fni infection tl.aii tn 
any special sex predisposition. Miners and soldiers are the two occupational cla.-^es 
on which the disease falls most heavily. The seasonal inrideuce is very murked, 
the greater proportion of cases occurring in winter and sparing : durinu 1915 
and 1916 in England, 77 per cent, of the cases were in the first six months ol the 
year. Much has been written about weather conditions, A low’- temperature, a 
cold wind, and increased humidity of the atmosphere appear to he pr<?disposiiig 
agents (Dopter 1921), hut it seems probable that these act mainly by leading to 
overcrowding indoors. Fatigue exerts a powerful influence ; it is the recruits, 
unaccustomed to the rigours of military life, who furnish the greatest number of 
cases in the Army. Dopter tells an impressive story of a party of recruits who 
made a long, fatiguing march to join their regiment at Yersuilks. On reaching 
their destination cerebrospinal fever broke out, and of a total strength of 153 men 
no fewer than 79 developed the disease. 

n. Mode of Spread of the Disease, — The disease is endemic in large towns, 
from which, at least in the post-basic form, it rarely disappears. Every wdnter 
and spring a few fresh cases occur — sporadic cases afiecting children, less frequently 
young adults — which appear at widely separated points having no apparent con- 
nection with each other. In villages the endemic state is practically unknown. 

Every now and then an epidemic breaks out. As a rule it starts insidiously 
by the occurrence of one or two cases at intervals of a week or more ; it then begins 
to advance by the formation of small multiple foci in families, schools, barracks, 
or gaols. Often it works itself out in one focus before passing on to another. Thus, 
at Strassburg (Dopter 1921) in 1840 the 7th line regiment was attacked in October; 
three pionths later it spread to the 69th regiment, of which two companies were 
quartered with a part of the 7th. In January the 29th line regiment and the 11th 
artillery were attacked ; in February the 34th line regiment and the 1st artillery ; 
and in March, 6 months after the commencement of the outbreak, it invaded 
the pontonniers. 

In a town the cases are not aggregated together, but occur widely scattered, 
as if there were no causal relationship between them. Thus in Hamburg between 
1880 and 1885 the 180 cases of cerebrospinal fever that occurred were distributed 
over 131 streets. 

The spread of the epidemic is irregular and capricious ; often groups, which 
from their situation appear certain to be attacked, escape, whereas others, situated 
remotely from the primary focus, are attacked. Similarly with regard to time ; 
the successive outbreaks of an epidemic are irregular ; there axe paroxysms of 
intensity followed by remissions or intermissions. The decline of the epidemic 
takes place slowly, fewer and fewer foci remaining, till finally the endemic state 
is regained (Dopter 1921). 
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It is remarkable what a predilection the disease has for the military population ; 
fre(|iieiitly garrisons have been attacked without a single case amongst the neigh- 
bouring civilians. Of 75 epidemics in Trance, collected by Hirsch (1886), 39 were 
confincKl to the troops. In Germany the miners of Westphalia and Silesia have 
suffered severely. In India it is the gaols that appear to have furnished most 
of the cases. 

Two of the most striking features of a cerebrospinal fever epidemic are the 
low morbidity and the high case fatality. Doptei (1921) says that the morbidity 
varies between 0-01 and 0-3 per cent, of the population at risk, though occasionally 
it may rise higher. The case mortality is generally about 70 per cent. ; it may 
be as* low as 37 per cent., or as high as 90 per cent. During the years 1920-36 
the average ease-mortality rate in 22 cities of the United States was 51*2 per cent. 
(Walsh 1938). 

Long before the discovery of the causal organism, it had been noticed that over- 
crowding favoured the development of the disease. The reason for this was not 
known. At a post-mortem examination of a case of cerebrospinal fever, Weigert 
noticed the presence of a purulent rhinitis, and on the basis of this observation 
von Strumpeil suggested that the nasopharynx might serve as a portal of entry 
for the infective material. Weichselbaum (1887) in his original ^paper likewise 
mentioned that one of his cases had a purulent sinusitis, and expressed the opinion 
that the organisms might find their way to the meninges via the nose. While 
working with meningococci Kiefer (1896) developed a purulent right-sided rhinitis 
from which he cultivated Weichselbaum’s diplococcus ; he did not develop menin- 
gitis. During the next few years a number of workers claimed to have isolated 
the organism from the nose, not only of patients but of healthy contacts. Further 
work rendered it clear that not only were meningococci frequently present in .the 
nasopharynx of patients suffering from cerebrospinal fever — about 60 per cent of 
cases in the first week of the disease — but also in the nasopharynx of contacts and 
even of non-contacts (Albrecht and Ghon 1901, von Lingelsheim 1905a, Kutscher 
1£H)6, Ostermanii 1906). It became clear therefore that the meningococcus was 
able to vegetate in the nasopharynx — frequently without giving rise to menin- 
gitis— and that it could be transmitted from patients to healthy persons in the 
vicinity. 

Certain observers, notably Dopter (1921), have come to the conclusion that the real 
disease to which the meningococcus gives rise is rhinopharyngitis ; the meningitis which 
occasionally develops is to be regarded, not as the main disease, hut as a complication, 
in much the same way as nephritis is often grafted on scarlatina or paralysis on diphtheria. 
Actual rhinopharyngitis does not appear to be a common sequel to meningococcal invasion, 
and it is probably more accurate to speak of this invasion as a “ carrier epidemic.” There 
is some evidence, hovrever, that the meningococcus does not act as a pure commensal, 
bemuse antibodies are sometimes formed as a result of its presence in the nasopharynx 
iRake 1935a). 

During the war of 1914-18 observations of much interest were made on the 
carrier rate. By swabbing large numbers of the military population in camps and 
depots, it was found that previous to an outbreak of cerebrospinal fever the propor- 
tion of carriers of the meningococcus increased steadily. The normal carrier rate 
Mnongst troops was recorded as 2-4 per cent., but preceding an epidemic, it rose 
till it reached 20-30 per cent. Soon after it had passed the 20 per cent, limit, 
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isolated cases ^ of meningitis began to appear, and as the epidemic gained foot- 
hold the carrier rate likewise rose, sometimes to as hit^h as SS per cent. 

Investigating the cause of this “ warning rise in the earner rate, tdover 
(1920) was led to suspect a relationship betwe*en it and ovtTerMwdii.'if ii; 
the sleeping huts. These huts were at the best poorly venrilat^d 
1919-20), and during the stress of war the niobilizaticm standiard heeu over- 
stepped, so that beds, instead of being separated by 1 ft. 4 in., w-re pnn ticahv 
touching each other. Glover (1920) noticed that the carriers in a aiv^-n Lut tended 
to be aggregated together ; three Type II carriers were in adjaceiit h^h. two T}'pe I 
carriers, and so on. This pointed strongly to the direct transiiiis.-i* m of the iiiMiiiniro- 
coccus from one man to another sleeping in the next bed. Fimiiug that the <pra vine 
capacity during normal sleep was not more than about d ft.. Glover xne>l the effent 
of spacing out the beds in the hope that the infection would be diliiir:i^hed. Tie 
results obtained seemed to be in accordance with expectation. The sjf tint- 
distance between the beds was not confined to the carrier rate. At Car<Tria:n dit-pot, 
where there was severe overcrowding, an outbreak of cerebrci^-jinal fever hat! 
occurred during each winter of the war, but subsequently to the adoption of the 
spacing-out policy in 1917-18, not a single case occurred. ^ 

Because of the far-reaching conclusions on the relation between ovtu'criAvdiiig 
and the carrier rate, and the importance of detecting the *" warning GloicrA 
work has received a great deal of attention. 

In the Detroit epidemic of 1928-29, Norton and Baisley 0931) fomid no 
between the degree of overcrowding in the home and the contact caiTier rat<v During 
the outbreak of 1931 at Aldershot, Armstrong and his colleagues (1931), from a study of 
the position of carriers in dormitory barrack rooms, were unable to obtain any evidence 
that infection occurred mainly at night. The caixiers vere seattcTcd quite irregularly 
without any particular relation to the position of the beds. Our own nahopliaryngea! 
surveys of the civilian population carried out before the second w'orid \var ha\'e shown us 
that the carrier rate in institutions may be as high as 20 per cent, and ovf-r, without any 
outbreak of cerebrospinal fever occurring. Rake (1934) has made the same ubservation. 
Perhaps the most striking figures, however, are afforded Dudley and Brennan (i934|. 
Workhig at the Chatham naval hospital, they found that betw'een January, 1932, and 
March, 1933, there were 11 cases of cerebrospinal meningitis with a carrier rate of about 
13 per cent. During the period March, 1933, to May, 1934. the carrier rate was 54 p-r cent., 
yet not a single case of meningitis occurred. During the same period at the Royal Naval 
Hospital, Portsmouth, there were 6 cases of meningitis with a carrier rate of only 5 per cent. 

* Analysis of the distribution of carriers at Chatham showed no constant relationship between 
the density of the population and the carrier rate. The senior ratings with the most 
spacious sleeping accommodation had as high a carrier rate— 60 j>er cent. — as the recruits 
with the worst sleeping quarters. Phair, Schoenbach and Root (1944) carried out a sur- 
vey at an army camp in which cerebrospinal fever W'as prevalent. There w'ere no eases, 
how^ever, in the unit they examined. A group of 99 men w’as sw^abbed 28 times in 68 days ; 
no fewer than 91 of these men were found on one or more occasions to be harbouring 
meningococci in the nasopharynx. The average carrier rate was 41 per cent. 

These observations lend no support to the suggestion that there is a direct 
relationship between the carrier rate and the incidence of cerebrospinal fever. 

That Glover’s observations were correct, no one has questioned ; but it may 
be doubted whether Glover was justified in attaching to them a general rather than 
a local significance. It is reasonable to suppose that overcrowding must increase 
the frequency of exchange of nasopharyngeal flora. Whether, however, this neces- 
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smIIv reaiilts in a high carrier rate, and if so to what extent overcrowding favours 
the development of cerebrospinal meningitis, it is at present impossible to say. 
On the whole it seems probable that the extent of disease depends on the virulence 
of the iiivadiiig organisin as much as on its distribution. Judged by the mouse 
test, there is a considerable variation in the vknlence of different strains of meningo- 
cocci isolated from the human body (Cohen 1936). Group I strains, which are 
responsible for most epidemics, tend to be more antigenically homogeneous and 
more virulent than Group II strains, which predominate in inter-epidemic periods ; 
and even among Group I strains differences in antigenic structure and in wulence 
can often be established (see Branham 1940a). We are forced, in fact, to much 
the same conclusion as Griffith in his study of scarlet fever (Chapter 66), namely 
that whether in an invaded susceptible community the disease becomes epidemic 
or not is determined largely by the characters of the infecting strain. 

Routes of Infection.—There is now no doubt that the meningococcus gains access 
to the body via the nasopharynx. Several early observers claimed to have found 
the organism in various parts of the' respiratory tract, and it was not long before 
its predilection for the nasopharynx was demonstrated. It is unusual to find it in 
the nose itself or in the saliva, where, as Gordon (see Report 1917) showed, the 
salivary streptococci exert an inimical action on its growth ; it may be isolated 
from the throat, but the most important site is undoubtedly the nasopharynx. 
It is here that it multiplies, and sometimes sets up a rhinopharyngitis. 

Whereas there is now general agreement that the nasopharynx is the portal of 
entry, it is still uncertain by what route the organism gains access to the meninges. 
There are two main views : the first, supported by ITetter and Bebre (1911), postu- 
lates the direct transmission of the organism ffom the nose to the meninges ; the 
second, upheld by several workers in Germany, America and England (Westen- 
hoeffer 1906, Elser and Huntoon 1909, Herrick 1918, Baeslack et al. 1918, Eolleston 
1919), is that it is carried to the meninges by the blood stream. The available 
evidence is as follows. 

fa) Bibect Extension feom the Nose. — The advocates of this view draw attention 
to the cIoi3e relation existing between the subarachnoid space and the nose. Around 
each of the 15 to 18 branches of the olfactory nerve which pierce the cribriform plate 
of the ethmoid there is a sheath ; between this sheath and the nerve itself there is a 
space which is in direct communication with the subarachnoid space. 

Clark (1929) found that a solution of potassium ferrocyanide and iron ammonium 
citrate, instilled into a rabbit’s nose, reached the surface of the brain within an hour.* 
The distribution of the blue granules indicated that the path followed had been the 
^rinetiral spaces of the olfactory nerves. Further work Showed that material might 
pass from the nasal to the intracranial cavity by way of the blood vessels piercing the 
cribriform plate. Fine canaliculi, representing prolongations of the subarachnoid space 
into the olfactory mucosa, have also been described traversing the cribriform plate, 
homologous with similar prolongations found in the internal ear and around the optic 
nerve ; but Clark was unable to satisfy hi m self that these canaliculi had any direct com- 
munication with the nasal lymphatic vessels. Methylene blue injected into the sub- 
arachnoid spa<» ben^th the ffontal lobe of a dog colours not only the perineural prolonga- 
tions, but ate the lymphatic plexus of the nasal mucosa. The lymph flow appears to be 
centrifugal, wherriMiS the flow of fl.uid (not lymph) in tho perineural spaces may, as Clark’s 
olwenratious have shown, be centripetal, and thus carry particulate material from the 
nw to rile brain (me also Findlay and Clarke 1935, Rake 19375). 

AnotI»r pcBsibility is that tho organisms may invade the nasal sinuses, set up a purulent 
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sinusitis, and reacii the skull by the lymphatics, or by direct extension 
Xumerous observers have found a sinusitis in cases of cerebrospinal fever, partleularly 
of the sphenoidal sinus. Embieton and Peters (19i5| examined three pati-^iitw iiho iuui 
died of the disease, and found in each a sphenoidal empyema due to the 
Against this view are the facts that, though not uncommon, sinusitis is by no 
constant in cerebrospinal fever, and that in children, in whom the disease k comint^ner 
than in any other class, the sphenoidal sinus does not develop before the third veir of 
life. Moreover it is possible that the involvement of the nasal sinuses niLiy be scDjndary 
to the meningitis, the organism being carried by the natural flow of the lymph strcoim to 
the nose. Elexner (19076) found in monkeys, injected intraspinaiiy. that the orgirii-iU'^ 
might find their way from the meninges to the nasopharynx. 

As well as the transethmoidal and the sphenoidal routes, it has been that 

spread may occur via the Eustachian tube to the middle ear and thence tr/the fjrain. 
This seems unlikely because of the rarity of otitis media in cerebrt-?spinai fever, aiid of 
the lateness of its development when it does occur. 

The advocates of direct lymphatic spread from the nose to the meninges object to 
the hematogenous route of infection on the ground that blood cultures are fref|iieiitly 
sterile, that positive results are not more common at the beginning of the disease than 
during its later stages, and that the arthropathies and visceral lesions which sometimes 
appear as complications occur fairly late in the course of the disease, suagesting that 
the blood has become secondarily infected from the meninges ; that this may occur in 
animals has been shown by Elexner (19076), who found meningococci in the blood subse- 
quent to intraspinal injection. 

(6) The H^esiatogexoxts Route. — M eningococci \rere found in the blood by Salom-sn 
in 1902; Jacobitz in 1905 reported two cases; Elser ( 1905-06 1 obtained 10 positive 
blood cultures out of 41 — mostly in the first week of the disease ; Eieudoiine ^1906' was 
successful in 4 cases out of 5. During the war of 1914-18 Baeslaek (1918) and Ms eu- 
W’orkers cultivated the meningococcus S times from 22 cases, and Barber and Flniiing 
(see Herrick 1918) 12 times from 15 consecutive cases. Moreover the organism has b«‘cn 
cultivated from the petechial spots (Muir 1919), from the swollen periarticular lesions 
(Still 1898), from the endocardial vegetations, and from other situations clear!}’ infected 
by the blood stream. Cases of chronic meningococcal septicaemia lasting for months, 
sometimes with ultimate recovery, are not uncommon (for references Campbell 1943). 

From these records it is clear that an infection of the blood is frequenth’ prt^sent. It 
must be remembered that the meningococcus is not an easy organism to grow, and that 
if it is present in only small numbers the chances of obtaining it in blood culture are not 
great. With ordinary care, however, at least 25 per cent, of the blood cultures may be 
expected to be positive in the first week of the disease. 

As well as the finding of the meningococci in the blood, other reasons have been advanced 
in favour of the hocmatogenous route. Clinical evidence shows that a meningoooccal 
septicsemia may occur ^vithout the development of meningitis. Herrick (1918) states 
that 4 per cent, of patients with septicsemia fail subsequently to develop meningitis. 
Higher proportions than tMs have been reported by later workers (see, for example, 
Dickson et al. 1941, Daniels et ah 1943). 

Westenhoeffer (1906), who at one time favoured the direct method of spread, but 
who later abandoned this view in favour of the hiematogenous route, was struck by the 
presence in two cases of cerebrospinal fever of miliary abscesses in the myocardium and 
in the renal medulla ; by the occurrence of cases of purulo-hsemonrhagic encephalitis ; 
and by the of pus around the small arteries of the pia in a brain that otherwise 

appeared normal — ^all points suggestive of blood infection. 

It is clear that the demonstration of meningococci in the blood cannot be regarded as 
evidence in favour of the haematogenous route, unless it can foe shown that the blood is 
generally infected before the meninges ; otherwise it is legitimate to argue that the blood- 
stream infection is secondary to the meningeal invasion. So far the number of cases 
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tliat liare been studied with a view to determining the sequence of events is insufficient 

to enable any definite conclusions to be drawn. 

Summwg up, it may be said that the most probable sequence of events is as 
follows : The organisms reach the nasopharynx by air-borne infection ; here they 
may set up a rhfnopharyngitis, but more usually appear to give rise to no trouble. 
In some cases, however, the meningococci gain access to the meninges — whether 
by direct invasion or via the blood stream is not yet known. A meningococcal 
septicemia in the absence of meningitis is not uncommon, and in a few instances 
lesions in other parts of the body develop, generally in the late stage of the disease, 
sufdi as endocarditis, arthropathies, and renal abscesses. These are probably due 
to a secondary infection of the blood stream from the meninges. 

Diagnosis. 

In cerebrospinal meningitis the causative organism is always present in the 
cerebrospinal fluid ; in a considerable proportion of cases it is also present in the 
nasopharynx. In this latter situation Elser (1905-06) found it in 6 out of 22 
patients ; Weichselhaum and Ghon (1905) in 18 out of 19 patients (not fully iden- 
tified) ; Goodwin and von Sholly (1906) found it in 12 out oi 22 patients in the 
first week of the disease, and in 5 out of 15 in the second week. Von Lingelsheim 
(1908) found it in 46 out of 49 patients in the early stage of the disease. Gordon 
I see Report lff20) states that it can always be found in the early stage of the disease, 
but that its isolation is more difficult later. For diagnostic purposes, thereTore, it 
is essential to perform a lumbar puncture, and desirable to take a nasopharyngeal 
swab. 

Examination of the Spinal Fluid. — The spinal fluid should be withdrawn and 
divided into three portions, which should he treated as follows : 

(1) Examinatmi of centrifuged deposit for cells and organisms, and of the super- 
natant fiuid for specific precipitinogens. The fluid is centrifuged, the deposit stained 
by Gram, and examined microscopically for the presence of the oval Gram-negative 
diplococd. These vary greatly in numbers ; sometimes they are present in every 
field, but in others they are not found until after a prolonged search ; in this respect 
the picture is very different from that of septic meningitis, in which the pneumococci 
m streptcK‘occi are present in large numbers, and can be found without difficulty. 
In cerebrospinal meningitis the majority of the cocci are situated within the poly- 
morphonuclear cells. Dissolved antigenic material, probably of polysaccharide 
type, may frequently be demonstrated in the spinal fluid. A few drops of the 
supernatant fluid are layered gently on to a similar quantity of monovalent or poly- 
valent antimeningococcal precipitating serum in a Dreyer’s tube. Usually a fine 
white opaque disc of precipitation becomes apparent in a few minutes. If it does 
not, the tube is incubated in a water-bath for 1-2 hours at 37° G. Both Rake 
(19335) and Maegraith (1935) have obtained very satisfactory results with this 
method (see also Alexander and Rake 1937). In Maegraith’s series of 120 cases, 
a positive reaction occurred on 116, while of 180 control fluids, all but 2 were 
neptive, Ho other method affords such a rapid diagnosis. 

(2) Immedmie p^timj^ As soon as the spinal fluid is withdrawn, it should be 
streaked in quantities of 1 ml. over 2 or 3 plates of ascitic agar or Gordon’s trypagar 
(Gordon tt cl. 1916)* These plates should be incubated immediately, or if this is 
impossible, they must' be transmitted to the laboratory in a warm contakier. The 
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less tiieir t-eiiiperatiire fails below 37"'’ C., tlie more likely is growtli to occiir^ and tlie 
Kljort<-’^r is its kg period. Growfii is often great!}' favoured by the addition of d-*iO 
per cent, COo to t!ie atmosphere. In favuiirabh* circum-taiii'm colunks .-hotild he 
formed within IS hours. These are examined with a luiid tind him-’ are made 
ill the usual manner. A growth of Gram-iiegatiae oe^d Laving ohtaii.ed, 
it is important to ascertain their serological type. If tlc^re is a lc‘a\y nTOwth on the 
plateSj this may be suspended in a sniall quantity of saline^ kvitul to T. for 
1 hour, standardized to 500 million per nil., and t»^st^^d auain.-t iLe tyju* ; ir,- 
ciibation should be performed by the partial immerdun luethfci in a watcrdnatli 
for 4 hours at 50*^ C. A more ra|>id result is said to be obtfiined by the ir-c of 
specific antisera prepared by the injection of chiekeiis; readings can be made 
ill about 5 minutes (Phair, Smith and Root 1943). If the growth is insutS^ lent 
for a tube test, or if an immediate answ'er is required, slide agirhitiiuitiuri m.^y 
be used instead (Bell 19206), but the results shreald alv^ays be clieeked l.y the 
tube method. If there is insufficient growth on tin* jjrimary pluses tc< allow of 
either method of agglutination, subcultures must be made on ire-li plates, and 
the growth examined after 24 hours. The fact mu-t not be foigntnci that one 
variety of organism found in meningitis. may produce a goldf'ii-ytdiow’ 

pigment (Branham 1930). 

It must be pointed out that nut all .^trains are reacllly agglutiiiable iy the 
available type sera. Strains from sporadic ea>e^ are u-iial!y ks- readily agslutinated 
than those isolated during an epidemic. Much depeufb iipim the stdeeded 

for the preparation of the agglutinating sera f-ee Gridlth 1917, Scutt 1917, Bell 
1920«, Murray 1929, Branham 1932, Ruke 1933^?). 

It is important to test the ferineiitation reaction^ of the urga!asm> isolated. 
For this purpose colonies should be inoculated into glucose, inaltose, and .-iicru'-e 
peptone water, containing 10 per cent, of ascitic diiiti or blood seriiin. The meniiigo- 
coccus produces acid in glucose and maltose, but not in sucrose ; *Y. Jlar^'j^trus is 
without action on any of the sugars. The linul ideutltication of any strain must 
be made on the basis of morphological, cultural, fermentation, and serological 
reactions. 

(3) Incuhation of the spinal fluid with subsiquent saihciiltimtion. It is always 
wise to incubate 5 ml. of the fluid at 37^ C. in a sterile tube, in ease direct plating 
proves negative. Sometimes the organisms develop in the fluid itself, when they 
fail to do so in cultures made at the time of lumbar puncture. As soon as turbidity 
appears, the fluid should be subcultured on to suitable media, and the rcsiilting 
colonies identified in the usual way. 

The frequency with which positive cultures are to be expected depends partly 
on the stage of the disease and partly on the carefulness of one’s technique. Flack 
(see Report 1917), in an examination of 55 specimens of cerebrospinal fluid, 

obtained the following results : ^ ^ . 

Ctilture Positive. 



Ko. 

Per cent. 

In clear fluids 

. 15 

33 

In slightly turbid fluids 

. 13 

61 

In turbid fluids . 

. 27 

96 


In the early stages of the disease before the spinal fluid is pmulexit, the pro- 
portion of positive cultures is much lower than in the later stages. In chronic 
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ca^e^ tlie fluiil, after being frankly purulent, may clear again, and the organisms 
beeuiue inrreasiiigly difficult to isolate. Ultimately they disappear and can no 

longer be demonstruted, 

CultiYation from the Nasopharynx.— At the time of lumbar puncture a naso- 
pliaryiigeal swab should be taken. There are two advantages in this practice. 
First, a" positive culture may !>c obtained from the nasopharynx, especially in the 
early stages of the disease, when the spinal culture is negative. Second, the naso- 
pliarviigeal swab may yield a heavier growth than the spinal plate, and so enable 
the serological typing of the organisms to be carried out more rapidly. Since the 
nasopharyngeal and spinal strains are almost invariably of the same type, there 
is little danger of error in this procedure. 

For examining the nasopharynx, West’s swab may he used ; this consists of 
a wire curved at one end, fitted with a pledget of cotton-wool, and enclosed in 
a glass tube. As soon as the swab has been taken it should be streaked over a 
plate of ascitic agar or Gordon’s trypagar ; if the latter medium is used, it is advis- 
able to smear 2 or 3 drops of fresh blood over the surface. The plates must be 
incubated immediately, or kept in a warm container. The following day they are 
exaniine<l for the typical lenticular colonies of meningococci. The further exam- 
ination of these colonies should be performed in the same way as that of the spinal 
colonies. If the swab cannot be inoculated at once on to a suitable medium, it 
should be stored in a tube with a little blood agar at the bottom with the swab 
toucliing the agar (Downie 1940). Whatever type of swab is used, it is important 
to avoid its becoming contaminated with saliva, otherwise the meningococci may 
be overgrown by salivary streptococci. 

The serological typing of meningococci isolated from the nasopharynx often 
presents difficulties, particularly during inter-epidemic periods (see Chapter 23). 
During the course of an epidemic, the proportion of agglutinable to inagglutinable 
strains may rise considerably, depending probably upon the selection of a virulent 
epidemic strain of well-defined antigenic specificity (Report 1920). The higher the 
carrier rate is, the more likely are the organisms to be agglutinated. 

Exaraination of the Blood. — (1) Cnltivatmi , — An attempt may be made to 
cultivate the meningococcus from the blood, although this procedure is not adopted 
as a routine. For this purpose 10 ml. of blood should be withdrawn from the 
median basilic vein, and distributed hi 1 ml. quantities over a series of 10 ascitic 
agar plates ; or two flasks containing 150 ml. of 33 per cent, ascitic fluid broth may 
each be seeded with 5 ml. blood. Positive results may be expected in 25 per cent, 
of eases examined during the first week of the disease. 

(2) Demousiratwn of Antibodies. — The blood may be examined for specific anti- 
bodies in special cases ; but the diagnostic value of such tests is very doubtful, 
md they must never be regarded as a substitute for the direct cultural examination. 

It has been found that agglutinins are frequently present in the blood serum of patients 
offering from cerebrospinal fever (Dieudoime 1906, MacGregor 1910). Von Lingelsheim 
(IWS) examined the sera of 593 patients. On the 1st day of disease 24*1 per cent, gave 
a agglutination reaction ; from the 6th to the 20th day, 52*7 per cent. ; after 

the 21st day, only 26*7 per cent, of podtive reactions were obtained. The titre varies 
«>asMemMy. Bettencourt and Fran 9 a (1904) found that it was usually 1-10 to 1-50 ; 

titres of 1-200 or even 1-1000 were met with. Von Lingelsheim (1905a) 
the following figures; 
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146 airgl util ici ted at 
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1 ,, „ . , 
149 failed to agglutinate at 


1~!0 

te2r> 

1-51} 

l-IOy 

1-200 

l-IO 


Gates (1918) found agglutinins almost constantly in tlie blood of carriers of 4 to 16 
weeks’ standing; the litre was generally 1-16 to 1-32. 

It is seen that agglutinins are not presetit in more than 50 por i-ent. of as a nilf\ 
MacGregor (1910) found that when marked toxa-unia was present, thero wen* ypnorahy 
no agglutinins ; likewise in chronic and in abortive cases. Tliey were pnssent in irreatest 
quantities in cases with an acute onset and fairly high fe\'er. Other r»bservers 'Kiser and 
Huntoon 1909) have found the agglutination reaction to be too irregular for diignosis. 

Houston and Rankin (1907), studjnng the opsonic content of the serinn f>f patients 
suffering from cerebrospinal fever, found that it was raised in 25 pt-r fcnt. of p^itients on 
the 2nd day of the disease, in 60 per cent, on the 5th day, and in 96*1 per cent, after the 
6th day. They stated that the opsonin test was of great valut* In tlie fliagriosis of 
suspected cases. MacGregor (1910) found opsonlns present in greatest quantity during 
the 2nd and 3rd weeks of the disease ; like agglutiniiih, they are sairl to be most abundant 
in cases with acute onset. Cruickshank (1941) stah'S that cireiiLiliiig untilHMies can 
often be demonstrated in the second wet-k of the disease, and |W‘rhaps even earlier in cast-s 
of meningococcal septieiemia. 


Examination of Petechial Skin Lesions. 

The presence of ineningoeocci in peb'chial spots was demonstrated by Muir (19116, 
using the cultural method. In a considerable prc»purtion of cases the organisms can be 
found microseopieally in smears. McLtuiu and Caffey G93i) were Kueeessfiil by this 
means in 14 out of 18 cases in ehOdren. and Tompkins (1943) in the Army in 39 out of 
18 cases. The pieteehial spot—maeiiles are unsatisfactory — should be punctured witli 
a Hagedorn needle, while the surro\m«iing skin is pinched so as to prevent the access of 
capillarj^ blood to the lesion. Small drops of bhwxi should ]>e smeared on to a slide and 
stained with Giemsa. Typical intracellular diploeoeci with adjacent surfaces flattened 
can be detected in this way, and conflrnied by a Gram stain. Thf^y can often found 
when blood culture is negative. 

Post-mortem Examinatioii. — In the examination of bodies at autopsy, it is 
important to take cultures within 12 hours of death if possible ; the uieningococcus 
dies out rapidly, and though it may be found microscopically in smears from the 
meninges, cultures often prove to be sterile. For cultural purposes, it is best to use 
the pus on the meninges ; if there is no pus visible in this situation, the interior 
of the lateral ventricles should 'be carefully examined ; occasionally some may be 
found in the posterior horn. In cases of doubt the spinal cord shouhl he removed, 
and a careful search made, especially of the posterior aspect. 

Prophylaxis. 

We have seen that the meningococcus lives as a parasite in the nasopharynx. 
Under normal conditions it will be found in a certain proportion of apparently 
healthy persons. Mathews and Herrold (1918) found it in 44 per cent, of non- 
contacts in a military camp during an epidemic ; Ponder (1918) in 13 per cent, 
of non-contact civilians in a non-epidemic period ; Scott (1916) in 22 per cent, 
of non-contact hospital out-patients ; Nabarro (1917) in 6-3 per cent, of children 
attending a hospital As a conservative estimate we may say that in non-epidemic 

F.B. ^ B 
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tile nieiiiiigococcus is present in 2-8 per cent, of liealtky civilians ; tlie actual 
proportion wiE depend to a certain extent on the time of year. 

We have also seen that the meningococcus is transmitted from carriers to normal 
persuns aroiiiid them. The carrier is clearly of great importance in the continued 
propagation of infective material It is of interest, therefore, to ascertain how long 
the ciTtiaiihm feurvives in the nasopharynx, Gordon and Flack (see Report 1917) 
and .\Iatliews and Herrold (1918) observed that there are two classes of carriers ; 
ill the one class, only a few colonies of meningococci are found on the plates streaked 
from a iiasoiiharyngeal swab ; in the other class, there is an almost pure growth 
of meniiigococei. The former class clears up rapidly ; the latter may carry the 
organism for months. 

Fiack (see Report 1917) gives the following table relative to the length of time 
that carriers may remain infective (Table 122). 


TABLE 122 


; 

j Coatacfc 

! Carriers. 

Per cent. 

Xon-contact 

Carriers. 

Per cent. 

Uiider 2 weeks 

20 

161 

12 

19-7 

From 2-4 „ ! 

45 

36-3 

32 

52-5 

„ 4-6 „ ; 

26 

! 21-0 

5 

8*2 1 


14 

i 11-3 

2 

3*3 ; 

„ 8-10 ,, ' 

4 

; 3*2 

7 

11-5 

10-12 „ , 

5 1 

1 4-0 

— 

— I 

i K'er 12 „ | 

10 

8-1 

3 

4-9 , 

1 


Thus the percentage of carriers of more than 4 weeks’ duration was 47*6 per 
cent, in the case of 124 true contacts, and 27*9 per cent, in the case of 61 non- 
contact carriers, A comparison of the persistence of difierent serological types 
of the meningococcus in the nasopharynx failed to reveal any marked variation 
between them. Norton and Baisley (1931) in the civihan epidemic at Detroit 
found that 72*4 per cent, of contact carriers became negative within a fortnight. 
Not all carriers, howevet, clear up. During inter-epidemic times some persons 
carry the meningococcus for months and even years ; the organism, in fact, takes 
its place in the normal nasopharyngeal flora. Convalescent cases of cerebrospinal 
fever, it may be noted, harbour the meningococcus in their nasopharynx for a 
long time ; Embleton and Steven (1919) found the average len^h of carriage 
to be about 6 months. 

Apart from droplet infection by carriers, it is possible that indirect infection 
may play a small part in the spread of the disease. Dopter (1921) considers that 
this may occur occasionally by handkerchiefs, bedding, clothes, and drinking 
vessels contaminated with nasal mucus. It is difficult to say how frequent such 
indirect infection may be, birt in view of the extreme susceptibility of the meningo- 
coccus to drying and to cold, we may regard it as negligible. Neither in barracks 
nor in civilian households is this method of infection to be compared with the 
direct infection by nasal mucus sprayed from the carrier, 

la connection with the prevention of cerebrospinal fever much has been 
written on the advisability of detecting and isolating carriers. Hachtel and 
Hayward (1911) were able to eliminate the disease from an orphan children’s 
home by isolating the carriers, treating them with topical applications of anti- 
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wEetlier ia civilian life tlie niaiiifest advantages of tlie method are outweighed 
or not by its disadvantages. 

Prophylactic Vaccinatioa.-The value of prophylactic vaccination is difficult 
to a>ccrtain. No definite conclusions can be drawn from the earlier attempts (see 
Suphian and Black 1912, Greenwood 1916, Gates 1918). More recently Zrunek 
and Feierabend endeavoured to iininunize the Czechoslovak army. Soldiers 
whose names liegau wdth A-M were vaccinated, while those with names beginning 
witli X-Z were left as controls. Three doses— 2,000, 4,000, and 4,000 million— -of 
a varcine prt-pared from recently isolated local strains killed at 60° C. for 1 hour 
mere The inoculations were made in December, just prior to the usual 

seasoiial oiit!u*eak of the disease. Of 21,280 subjects vaccinated in 1926 and 1927, 
5 ileveloiied iiiPiiiugitis and 3 died. Of 19,684 controls, 6 developed meningitis 
and 3 died, rnfortunately for the success of the experiment, meningitis was much 
less prevalent in 1927 and 1928 than in previous years. The evidence, so far as it 
goes, does not, however, suggest that vaccination confers a high degree of immunity 
to the disease. Ridiiig and Corkill (1932) carried out a large series of vaccinations 
on natives in the Xorthem Sudan. One group of 10,691 men received a polyvalent 
uumirigococ(*al \’aedne, another group of 10,451 received T.A.B. vaccine, while 
245,058 served as controls. Xo significant protection was afforded by either 
of the vacdnes. 

Seriun Treatment. — The results of this treatment recorded by different 
observers are somewhat confusing, and their significance is by no means easy 
to assess. 

doehmanri (1906) was the first to introduce this method of treatment. He prepared 
a p<3lyTalent serum by injecting horses, first with dead then with living cultures, and 
found that it would protect mice against 4-6 M.L.D., provided it w’-as given 24 hours 
beforehand in a dose of 0-5 ml subcutaneously or intraperitoneally. He showed that 
the serum contained agglutinins, bacterioidins and bacteriotropins. He then employed 
his serum for the treatment of human patients ; he gave it in 20 ml. doses subcutaneously 
or intrathecal]? ; 12 out of the 17 cases treated recovered. 

Kraus and Doerr (1908) prepared a serum by the injection of goats and horses with 
broth filtrates*and endotoxin ; the resulting product was able to neutralize the endotoxin 
iti vitro, and to protect guinea-pigs against subsequent injection with a lethal dose of 
toxin. 

In spite of the work done by the early observers, it is to Flexner (1907o, 1912, 
1913, Flexner and Jobiing 19()8a, b) more than to any other, that we owe our 
present knowledge of the value of serum treatment. In 1907 he (1907c) prepared 
sera from the goat, horse, rabbit and guinea-pig. He found that in monkeys the 
simultaneous injection of serum and of meningococci intraspinally was not followed 
by the development of severe symptoms, although the organisms persisted for 
a time in the spinal fluid ; further, by injecting serum 6 hours after the infecting 
dose, the monkey— already seriously ill — could be saved from apparently impending 
death. Encouraged by these results he proceeded to try the serum on humar 
cas». Together with Jobiing (Flexner and Jobiing 1908a) he prepared his serun 
hf subcutaneous injection into horses at weekly intervals of living cocci and auto 
lysate alternately ; an attempt to standardize it was made by titrating it accordini 
to complement-fixation t^t, and against the autolysate in guinea-pigs, bu 
neither method was found to be quantitatively reliable. The serum was distribute* 
from the EocfcefeEer Institute in Hew Tork to aU parts of the world ; reports wer 
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received from the practitioners using it, and in 1913 these were finally collected 
and analysed (Flexner 1913). 

Excluding fulminant cases dying within 24 hours of serum iiijectioii, casc'^ 
with mixed infection of the meninges, cases of intercurrent and hope- 

lessly chronic cases, of a total of 1,294 patients treated by their senmi, 891 recovered 
and 400 died, giving a mortality of 30-9 per cent. Thi> iiiortality icn -.t be ei mipared 
with that of untreated cases, from irldch^ hoirever^ similar mt 

been made. At this time the mortality of cerebrospinal fever in Great Britain 
was from 70-80 per cent., in Germany 42~67 per cent., in France 75 jn-r cent,., in 
Belgium 77*7 per cent., and in Italy 55*6 per cent., in Palestine u\>*r hii pt^r cent., 
in Greece 58*6 per cent., and in the Transvaal 74 per cent. From these fiirurp- it 
may be concluded that the mortality of non-serum-treated easif< was abeut 7o 
per cent. In 1,211 treated cases the reports were siiificienrly full to permit an 
analysis of the effect of the time of administration (Table 123|. 


TABLE 12.‘i 


Tune of 
Injection. 

j No. of 

i Cases. 

1 Recovered, j 

Ihed. 

Per cent. 
fV'-f’overed. 

JVr f<pi 
iflfd. 

1-3 days . . . 

. i 199 

i 163 1 

36^ 

SI-9 

H-l 

4th-7th day . 

, ! 346 


94 

72-is 

27*2 

Later than 7 th day 

. i 666 

1 423 

243 

63-5 

36*3 

Totals 

1,211 

1 838 

373 

611-2 

30- S 


! 


This table brings out the beneficial effect of treatment id cases admitted t^any 
to hospital. The mortality of cases in which st*rum treat nieiit was c’«muiienced 
before the 4th day was only half that of cases not treated till the 2nd wef‘k or later. 
Another interesting point is the fatality of serum-treated patients at different 
ages (Table 124). 

TABLE 124 

Mortality according to Age in Sebum-tbbated Patients. 


Age. 

No. of 
Cas^. 

Eeoovered. 

Bled. 

Per cent. 
Eecovered. 

Per cent. 
Died. 

Under 1 year 

129 

65 

1 

64 { 

60*4 

49-6 

1-2 years 

87 

60 

27 1 

69-0 

31-0 

2-5 “ „ 

194 

130 

53 ' 

71-6 

28-4 

5-10 „ 

218 

185 

33 

84-9 

15d 

10-20 „ 

360 

254 

106 1 

70-6 

! 294 

Over 20 „ 

288 

180 

108 1 

62-5 

; 37*5 

Age not given . . 

18 ^ 

11 

7 1 

1 6M i 

1 38*9 

1 

Totals .... 

1,294 

894 

400 ^ 

1 

69-1 

1 30-9 

! 


From this table it is seen that infants under 1 year of age have the highest 
mortality, and children between 5 and 10 years the loivest. The high infantile 
mortality may he largely due to the difficulty of diagnosis, so that serum treat- 
ment is often not commenced til after the disease has lasted a week, and partly 
also to the technic^ difficulties inherent in lumbar puncture and in serum adminis- 
taration in the very young. 
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A further study of the records seemed to show that in cases favourably in- 
fluenced by serum, recovery occurred fairly rapidly ; not infrequently the tem- 
perature, which in untreated patients generally falls by lysis, fell by crisis. This 
was especially noticeable in cases treated early. 

Following the injection of serum, the blood leucocytes fell from a figure of 
to norma! within a week or so ; the spinal fluid became progressively 
clearer, the pus cells grew fewer, and the meningococci disappeared. On the other 
hand, in cases not influenced by serum the leucocytosis remained high ; the spinal 
fluid showed an increase in the turbidity, and in the number of pus cells and living 
meningococci. 

In cases untreated by serum which did not prove rapidly fatal, the disease often 
passed into a chronic stage lasting for months ; or if recovery occurred, it was apt 
to be followed by a relapse. In serum-treated cases, however, it was found that 
the patients either died or recovered completely. Only very rarely did the disease 
become chronic. Kelapses were likewise uncommon ; they occurred in only 8 
per cent, of cases, and frequently yielded to further serum treatment. 

Another favourable indication of the value of serum was the diminution in 
the proportion of patients who developed complications. These complications— 
iriclo-choroiditis, panophthalmitis, deafness due to internal ear disease, pleurisy, 
pericarditis, endocarditis, arthropathies, insanity and others — are not uncommon 
in patients who recover naturally. In serum-treated patients such complications 
were fevr ; the only one which occurred with any frequency was deafness ; this 
was doubtless due to the early spread of the disease to the internal ear ; the 
sooner serum treatment was begun, the less likely was this spread to occur. 

Summing up Fhxners resultSf it would appear that by serum treatment the 
mortality was considerably reduced, the frequency of relapses diminished, the 
incidence of chronic cases abolished, and the proportion and the severity of the 
complications lowered very considerably. 

There are numerous records by other workers of cases treated by serum with 
results essentially similar to those obtained by Flexner (see Netter and Debre 
1911, Adshead 1918, Rolieston 1918 , Hines (Report 1920 ), Dopter 1921 , Wadsworth 
1931, Sturdee and &ott 1933 , Banks 1938 ). Univalent sera have, on the whole, 
been more effective than multivalent sera. 

Before judging the value of serum treatment there are certain factors of 
importance to he considered. 

The first concerns the mode of preparation of the serum. This has varied in 

dinerent countries. 

Flexner and Johling (1908<i) used subcutaneous injection of living diplococci and of 
m autolysate alternately ; this method, though effective, requires considerable time— 
If) months or more— More the serum is suj06ciently potent for use. Amoss and Wollstein 
(19161 described a more rapid procedure, yielding a multivalent serum of high titre in 8 to 
12 weeks ; the essential feature of their method consists in giving 3 successive intravenous 
injeetions of living meningoeocci at daily intervals, followed by a rest of 8 days, before 
the administration of a fresh seii^, Numeron® strains of different types are included. 
A. S. Griffith Report 1920) followed this method in his preparation of sera for the 
Mddeal R^arch Council, with the exception that he used strains of only one type for 
each hoiTO ; the wulting sera were therefore univalent. It is important in selecting 
tl» culture® to be u«>d for immunization to choose strains which are representative of 
thc» pr^Mit during an epidemic. F. Griffith (1917) advises the usd of the highly complex 
stMins which are found more commonly at the height of an epidemic than at any o&er 
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period. In the preparation of a multivalent seram Wadsworth and Kirkhride < 1020; 
favour the use of 4-6 carefully selected strains rather than of larger niimbcTS. On the 
ground that meningococci produce a soluble toxin fsee Ferry, Xurton, and Steele I93L, 
Ferry (1932, 1934) recommends antitoxic sera prepared by injecting with the 

type-specific toxins. The evidence, in Ms opinion, suggests that antitoxic are of more 
importance therapeutically than antibacterial sera. Maecraith liowever, was 

unable to confirm tMs. The antibody in native sera may be eon cent rated }>y 
fractionation (Neal et at 1928, Murdick and Cohen 1933, 1935), but ^vheth^r 
are more efficacious in practice than ordinary sera still remains to he seen. 

The next factor to be considered is the titration of the serum. As yet there 
no laboratory method by which the therapeutic power may be correctly g:ioge«i 

Fiexner and Jobiing (iOOSu) relied partly on the coniplement-fixatiuii and 
on titration against autolysate in guinea-pigs. Nieolle, Bebaiuh and Jouari 191^: u.M;d 
the complement-fixation test alone; Jobiing (1909 1 the f>psoiiin ; ATim.s,- and 

Wollstein ( 1916) the agglutinin content ; Hitchens and Robiiisun *, 1910 ^ a mouse-pff ui 
test ; Gordon (see Report 1920) the anti-endotoxic value; and de !a Riviere and Roux 
(1925) a precipitin test. As the results given by these different methods vary e'«nsider- 
ably, it is clear that they cannot all be satisfactory. Experience doring more \’eur,^ 

has similarly failed to reveal any substantial agreement betw'tx.“n different w'^rkers mi 
the best method of titration. Wadsworth (1931) favours aggliilinatinu, Zoz.xya 1932, 
and Mishulow (1935) precipitation, Feny% Norton and Steele *1931; and Koreiwa and 
Nikolsky (1934) toxin-neutralization. Sickles (1933| a neutralization uxst Ifased ofi Hkin 
reactivity, and Zdrowdowsky and Toronine (1932), Branham (1935^, and Rake i i935/e 
some form of protection test. On the w’hole, opinion is now crystaEizim: in lav^our of 
the intraperitoneal mouse protection test (Mishulowr ft ah 1936, Rake lti37a, Brunliani 
et aL 1938, Branham and Pittman 1940). There seems to be little reliition between tlie 
agglutinin and the protective titres in any given serum, but aecc^nliiig to Rake tht* pro- 
tective antibody content is fairly well correlatt*d w’ith the amount of imnnine liitroiim 
precipitable by type-specific polysaccharide (see also Pittman et al, Standardization 

in terms of some significant unit is clearly df^sirable luffore liberation of a serum from 
the laboratory ; otherwise normal sera, or sera containing only a minimal antibody con- 
tent, may be distributed by certain agencies. What this unit is tu be stiU aw^aits inter- 
national agreenagnt. (For general discussion, see Murray 1929.) 

Another factor is the dose of serum to be injected. 

In an acute case in an adult it is advisable to inject 20-30 ml. of serum to start with, 
after having drawn off rather more than an equivalent amount of cerebrospinal fluid. The 
quantity of fluid which should be withdrawn varies from case to case ; if h is under great 
pressure, it may be allowed to run until it is coming at the rate of 1 drop per second. Some- 
times 120 ml. may flow away before this rate is reached. But the patient must be watched 
very carefully during the process, and if any untoward signs are observed, the flow must 
be stopped immediately. Generally it is better, if the fluid is under great pressure, to 
withdraw about 50 ml., and to repeat the lumbar puncture 12 hours later. The serum 
should be injected at least once a day for the first 4 or 5 days ; sometimes it is desirable 
to give it twice daily. As in diphtheria, the amount given must be judged by the clinical 
condition of the patient. In fulminant cases, for example, greater risks may Im* taken 
than in less acute cases. 

The route of injection is also of importance. Since meningoeocci are frequently present 
in the blood stream it ha^ been advised that the serum should be given not only intra- 
theoally but also intravenously, Herrick (1918) treated 137 oatses by spinal injections 
with a mortality of 34*3 per cent. ; and 128 eases by combined spinal and intravenous 
injections with a mortality of only 14*8 per cent. Further, he found that the greater 
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tlie amount of senim injected, the lower was the mortality. He advises giving about 
im ml intratlieeally and 400-600 mi. intravenously. Fewer complications were encount- 
ered wheii tlie e« >iiibined method was employed. In the pure meningococcal septicsemias 
without coincident meningitis, the serum should always be administered intravenously. 
Ill ebrnnic cases, with blockage of the spinal canal, serum should be injected sub-occipit- 
ally into the cistema magna {see Report 1931). Very favourable results are said to follow 
thi^ method ^Cassoiite etal. 1933, Alliezand and Carbonel 1933, Sepet et al. 1933, Robertson 
1935 ). Ill cases that develop arthropathies, serum may be advantageously injected 
Into the iiiflaoied jointe. 

Tliosp are the main factors influencing serum treatment— -the mode of prepara- 
tion, the method of titration, the amount injected, and the route of injection. 
Taking all these into consideration, the results obtained must be considered as 
relatively favourable. It would seem that in cases adequately treated with a 
goc»(l univalent serum, Type I in particular, the mortality may be reduced by 
over 50 per cent. The adjustments that have been made in arriving at certain 
of these figures are, however, clearly unjustifiable, and so far as we know serum 
has never been tested under statistically satisfactory conditions. To do this, 
it would be necessary to give the serum to alternate cases in an epidemic, and 
•to treat both serie.s of eases in other respects in identically the same way. This 
would mean performing a lumbar puncture on the control cases with the same 
frequency as on the serum-treated cases, and replacing the fluid withdrawn by 
norinai serum. The effect of lumbar puncture alone is probably of value. Until 
such a series is tried, we shall not be able to form a just opinion of the specific 
activity of the serum itself. The facts, however, that the earlier the serum is 
iidmiiiintered, the better are the results ; that certain batches of sera appear to be 
more eflicacioiis than others ; and that the combined intrathecal and intravenous 
method gives a lower mortality than the intrathecal method alone, seem to us to 
point in favour of the therapeutic value of the serum itself. 

CliOTiotherapy. — The introduction of the sulphonamide group of drugs has 
greatly influenced the case fatality of the disease. On this, all observers are agreed. 
Numerous figures might be quoted to indicate the reduction in mortality that 
has followed the use of these drugs, but so many factors — choice of drug, dosage, 
route, age of patient, and stage, nature and severity of disease — affect the result 
that Comparisons, unless given in considerable detail, are apt to be misleading. 
Kb an example, however, it may be stated that Harries (1942) treated 500 con- 
secutive cases of all ages in the Cardiff city isolation hospital with a gross mortality 
rate of 8*6 per cent. ; this figure included every case admitted, even those that 
died within a few minutes of reaching hospital, Sulphapjridine was used for 
471 of the cases, sulphathiazole for the remaining 29. In his series, as in those 
recorded by other observers (see Beeson and Westerman 1943, Report 1944), the 
case mortality was lowest in young adults and highest in infants and old people. 
Experience with different drugs has varied. Sulphapyridine has been widely 
used, but there is evidence that sulphanilamide may be better (Report 1944). 
Bulplathiazole has been recommended by Banks (1941) and others, and in the 
United Stales sulphadiazine has been favoured. It is important to institute 
therapy at the earliest possible moment, but experience suggests that the large 
doses rtcommended by Banks (1939) are not always necessary. 

Tifhether the combined administration of sulphonamides and serum offers any 
advantage over sulphonamide treatment alone is still undecided. Both Jimies 
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(1940) and Branham (19406) have reported favourably on combined treatment 
in experimental infections of mire, but clinical reports (see Banks 1939, Beeson 
and lYestemian 1943, Eeport 1944) do not seem to tfiis out. On the other 
hand it must be remembered that exact comparisons on patient^ are difficult to 
make, and that unless all cases are treated by the same observer iisi!i*i the alternate 
method of administration, the results are apt to be misleading. There is certainly 
no convincing evidence that the serum does harm, and there is reason to believe 
that it may be of benefit in infections with drug-resistant strains. If it is given 
along with sulphoiiamide, it should be injected intravenously rather than ietra- 
thecally. More recently, penicillin has been suggested for the treatment of cerebro- 
spinal meningitis, but it is too early to assess its value in this respect. According 
to Rosenberg and Sylvester (1944), intravenous or iiitraiiiu^'Ciilar injection of a 
suitable dose results in the appearance of pjeniciilin in adequate coip entratlon in 
the cerebrospinal fluid, suggesting that intrathecal adniiiii>trrition is iinm^ec'i.sary. 

Pneumococcal Meningitis 

This form of meningitis occurs as a complication of lol^ar or broiirho-pijpiinnuiia, 
and is commoner in children than in adults. Not infrequently in djildreii it i- 
secondary to middle-ear disease. Sometimes a primary piieumococrul meningitis 
is seen. The pneumococci are present in large numbers in the cere!iro>pi!iai 
which is turbid and full of pus cells ; the cocci may be recognized by their appear- 
ance as Gram-positive, lanceolate, capsulated, and mostly extra-cellular dipiococci. 
Cultures are best taken on to blood agar or ascitic agar. The type of coccus may 
be determined in the usual way. In untreated cases the disease is almost uniformly 
fatal- Serum treatment with univalent type serum may be tried, preferably by 
the combined intravenous and intrathecal routes, but far more favourable results 
are to be expected from the administration of the suiplionamides (see Coleiaan 
1940). 

Streptococcal Meningitis * 

Streptococcal meningitis is most frequently due to extension from niiddle-ear 
disease, especially in children, and to perforated wounds of the skull The eeref^ro- 
spinal fluid is turbid, and contains large numbers of pus cells and of streptococci, 
which are usually of the jj-hsemolytic type. Before the sulphonaniide era recovery 
was regarded as exceptional, though Watson- Williams (1938) points out that 
early mastoidectomy, combined with repeated lumbar puncture and the adminis- 
tration of antistreptococcal serum, may result in a substantial proportion of 
recoveries. In practice, sulphonamide therapy should be instituted as early as 
possible, along with appropriate surgical measures. 

Tuberculous Meningitis 

Tuberculous meningitis is probably always secondary to a tuberculous focus in 
some other part of the body, but, as it is often difficult to determine the site of 
the primary lesion, even at autopsy, the disease not infrequently appears to t^e 
primary. Osier (Osier and McCrae 1920) states that it may occur during the 
1st year of life, but is commonest between the 2nd and 5th years ; it is, however, 
not uncommon in adults, particularly as a terminal infection in piiimonary tuber- 
culosis. The laboratory diagnosis is often difficult. Lumbar puncture reveals a 
fluid which may be limpid, and may contain only mononuclear cells. The protein 
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content is, kowever, always raised, wMle botk tke sugar and the chloride content 
are much diminished. The number of cells is generally increased, the most usual 
count being between 50 and 400 per c.mm. In most cases these ceils consist 
chiefty of lymphocytes, but these are almost always associated with numerous 
polvmorphoiiiiclear and often with some plasma cells. If the fluid is allowed to 
stand at room temperature, a clot not infrequently forms ; this should be spread 
on a slide, and stained by Ziehl-Neelsen. If no clot forms, the fluid should be 
centrifuged at high speed for half an hour, the deposit spread on albuminized 
slides, or fixed with methyl alcohol, and stained with Ziehl-Neelsen. It is often 
onlr after prolonged search that a group of tubercle bacilli is found. As well 
as being examined microscopically, the clot or centrifuged deposit should be 
injected intramnscularh’ into a guinea-pig, which is killed after 4-8 weeks (see 
Chapter 59). Sometimes it is possible to culture the organisms when none are 
visilde microscopically ; for this purpose the deposit should be distributed over 
3 or 4 Dorset egg tubes, and incubated for a month. The bovine type is responsible 
fur a!)out 23 per cent, of cases in this country. 

The disease is uniformly fatal. A few cases have been reported which have 
recovered, but it is possible that they are explicable by an error in diagnosis. 

Influenzal Meningitis 

This form is met with sporadically ; it is not commoner during an influenza 
epidemic. Most eases appear to be primary. It was first described by Slawyk 
(1899), and has since been recognized by a number of workers (see particularly 
Cohen 1909, Ritchie 1910, Henry 1912, Rivers 1922, Schnyder 1925, Koch and 
Kramer 1931, Eddy 1933, Neal et al. 1934, Dahr 1934). Neal and her colleagues 
met with 111 cases of this type among a total of 2,727 cases of meningitis. The 
incidence is highest in childhood. It is rare under 2 months or over 6 years of 
age (Fothergiil and Wright 1933). About 60-80 per cent, of cases occur during the 
first 2 years of life. The disease closely simulates cerebrospinal meningitis. It 
usually lasts 10-20 days, and has a case mortality rate of about 95 per cent. The 
cerebrospinal fluid is under pressure, is cloudy or purulent, has a high cell count, 
especially of polymorphs, and shows a variable increase in protein and often a 
marked decrease in sugar. Gram-negative bacilli are present with the typical 
Pfeiffer morphology, but sometimes accompanied by long thread forms. In the 
early stage of the disease they are intracellular, but later they become free in the 
fluid. On suitable media they can be cultivated from the spinal fluid, and often 
from the blood, and from the purulent joint exudates that occur not infrequently 
as a complication of this disease. In their nutritional requirements and their 
iiidole production they resemble H. injluenzce^ but they differ from this organism 
in being capsulated, in producing distinctive colonies on LevinthaFs medium, in 
forming a type-specific polysaccharide, and in being considerably more virulent 
for laboratory animals ; they correspond to Pittman’s Type b (see Pittman 1931, 
Mulder 1939)* Occasional strains, however, of the respiratory type are encountered 
(Gordon, Woodcock and Zinnemann 1944). Inoculated intxaperitoneally into 
rabbits, guinea-pigs, rats, and mice, they often give rise to a fatal septicaemia 
and to purulent effusions in the serous cavities. Treatment with sulphonamides 
is often successful (see Davies 1943^ Archer and Singer 1943). Alexander and 
I^idy (1943), on the baas of mouse experiments, recommend sulphadiazine given 
alone or in combination with antiserum (see also Boisvert 1944). 
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Other Forms of Meningitis 

Occasionally meningitis may be caused by organisms, a- B. 

BacL coli, Friedlander's bacillus (Gordon and Xorton 1930), Bnlm. SBm. 

enteritidis (Stevenson and Wills 1933), Sahn. pnmtffphi B 19f2,\ Pf, 

mallei, Br. snis (Hartley et al, 1934, Hansmann and Srlienrk^n 1932 a thf- ijoiio- 
coccus (Strumia and Kolilhas 1933, Braohum et aL 193^;, Di 
(Cowan 1938, Bray and Cruickshank 1943), Actmosnije*^^ rHeiiry and 

Leptospira icteroJia:moTrhagicF (Marie and Gabriel 1935, Mollaret and Erf^er 19351 
For meningitis due to filtrable viruses, see River.- and 91935) and yp. 

1932-1935. 
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CHAPTER 65 


GONORRHOEA 

HistORY.—That gonurrlioea has a history stretching back into antiquity we know, 
but we are entirely ignorant of the time and place of its first appearance. There 
is little to suggest that the disease has altered in its nature during the passage of 
time ; it appears to run its course now in the same way as it has done for hundreds 
of years. It therefore differs from many diseases in which the chnical picture 
alters with the centuries. The explanation of this may lie in the absence of both 
natural and acquired immunity in man. 

The causal agent, the gonococcus, was discovered by Neisser in 1879, who 
found it in 35 cases of gonorrhoea which had lasted for varying lengths of time, 
from 3 days to 13 weeks. He failed to find it in non-gonorrhoeal pus, such as that 
accompanying chancres, buboes, etc., or in simple vaginal discharges ; he demon- 
strated its presence in 7 cases of ophthalmia neonatorum, and in 2 cases of adult 
ophthalmia. Though unable through illness to complete his investigation, he 
placed the setiological role of the gonococcus on a footing which has never since 
been seriously challenged. It was left, however, to Bumm (1885a, b) to cultivate 
the organism, and by inoculation experiments on human subjects to demonstrate 
its pathogenicity in pure cultures. 

GoEorrhcea in Adults. 

Gonorrhoea is an acute infectious disease, generally characterized by primary 
invasion of the genito-urinary tract, and frequently complicated by secondary 
disturbances of greater or less severity. 

By far the commonest method of infection is by sexnal intercourse. In man the 
anterior urethra is first attacked. After an incubation period of 2 to 3 days, a 
mucoid discharge appears, which rapidly becomes purulent. At first the gonococci 
are mostly extra-cellulai, but soon they are taken up by the pus cells, which ingest 
them in large numbers ; as many as 100 may be counted in a single cell. 

In cases not successfully treated at this stage, the gonococci pass backwards 
to the posterior urethra, where they infect the glands ; from this situation they 
are extremely difficult to dislodge. The prostate, too, is feequently infected ; indeed 
it is gene»lly a prostatitis which is responsible for the chronicity of the disease. 

In women the diseaae starts with an acute urethritis ; later the cervix uteri 
becomes infected, and may remain so for a number of years. 

CtoiUilicafanES of Gmiorrhcea ia Adults. — ^Thoi^h infection may remain localized 
to a small area of the genito-urinary tract, it is quite common for it to spread either 
by direct -continuity or by the blood stream to other parts of the body, and set 
up complications. This may occur during either the acute or the chronic sta^e 
of the disMse. Thus the gonococcus has been found in epididymitis (Colombini 
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1898, Witte 1900), in proctitis (Bumm 1884), in salpiiigitL<, in art!iriti,< (Br^rdoni- 
Uffreduzzi 1894, Neisser 1894), in tenosynovitis iHoelieisen 1906), in ve^iciiliti^ 
(Wynn 1905), in cystitis, in oplithalmia (Neisser lb79), less frequently in peri-renai 
abscesses (Colonabini 1898), in pyelonephritis, and in peritonitis. 

In rare instances the disease may be very acute, the organisms training access 
to the blood stream and giving rise to a bacteraeniia, which may he fuliowed by 
pyaemia. In these cases, which may prove fatal, there is widespread infeetion 
throughout the body, and post mortem there may be found endocarditis, iiiyueard- 
itis, less frequently pericarditis, snbcutaneons and intra-miiscular abscesses in 
different situations, polyarthritis, phlebitis, pleurisy, general adenitis, pneiimoiiia, 
and septic infarcts in the spleen and kidneys. Several such cases have been 
reported (Leyden 1893, Ghon and Schlagenhaufer 1898, Thayer an*! Lazear 1899, 
Strong 1904, Duval and Lewis 1905, Wynn 1905, HoclieLen 1906 , Jerikiu-'. 1922j. 
Gonococci have been demonstrated in nearly all and have often 

been obtained in pure culture from the blood atream Loth during life aral 
death (Thayer and Lazear 1899, Duval and Lewis 1905, Wynn Jtnikiir- 
Meningitis is a rare complication (see Strumia and KoMhas 1933 a A ihw ras^s 
are on record of a gonococcal stomatitis (Crosby 1905). or parotitL irokanbiiii 
1898) ; from the latter situation the organisms have actually been i ultivat^d. 

Gonorrhoea in Children. — Children suffer from ophthalmia neiiiiatomiii and 
from vulvO" vaginitis. The former is due to infection at birth with gonuc^t present 
in the maternal passages, the latter to infection of towels in infants' lio^pitaL : 
but not all cases of ophthalmia neonatorum ami vulv< >-vuiuinitis un^ iiom*TrliO‘aI 
origin, and not all Gram-negative cocci found in tlif^se <list^ases gimocoeci. 

At one time ophthalmia neonatorum was responsible for a large proportion td 
cases of blindness, but since the introduction of the Ckede preventive treatment 
it has become much less common. 

Vulvo- vaginitis is mainly an institutional disease. Like puerperal fever and the 
old hospital gangrene, it is very much more frequent in institutions where large 
numbers of patients are collected together. Thus Fischer (1895), reporting in 
1895 on the incidence during the past 2 years of the disease in the chiidren's imspita! 
at Altona, said that of 50 cases all but 10 were contracted in the h^Aspital ; of these 
10, some had apparently been imported from other hospitals. Holt (1905) reported 
on no fewer than 273 cases of the disease in the Babies’ Hospital, New York, 
during the preceding 11 years. The disease is spread from one cot to another by 
the use of towels and other linen that are imperfectly sterilized. Once intro- 
duced into a hospital or institution, it is a most difficult disease to eradicate ; only 
scrupulous care in technique, constantly maintained for months on end, will prove 
successful eventually. The disease has a way of cropping up after it has lain dor- 
mant for weeks ; to relax precautions too soon is but to court disaster. By no 
means al cases of vulvo-vaginitis in children are of gonococcal origin. Other 
organisms, such as haemolytic streptococci and staphylococci, are often responsible, 
and possibly Pettit's bacillus (Hardy 1941, Osmond 1944). A diagnosis of gonor- 
rhoeal infection should therefore never be made unless the gonococcus is demon- 
strated. For a review of the disease, see Benson and Steer (1937), 

It will be seen that the parts of the body attacked are not the same in adults 
as in children. Gonorrhoeal ophthalmia is common in infants, rare in adults ; 
gonorrhcBal vaginitis is common in infants and children up to 5 or 6 years old, but 
’ is uncommon in adults, A amilar difference is noted in the complications ; thus 
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in tlie iiitemai genito-urinary^ organs are frequently attacked ; in cMldxeu 

tlic\s£‘ are rarely attacked, but on the other hand acute peritonitis is fairly common 
iu female children, but rare in adults. Thus we may say that the vagina and con- 
junctiva are specially susceptible during infancy, and the internal genital organs 
during adult life. The mucosa of the urethra and rectum are susceptible throughout 
life. Both in adult gonorrhcea in the female, and in vulvo-vaginitis of children, 
the rectum is stated to be frequently involved — ^in 20-30 per cent, of the cases. 

Reproduction of the Disease in Man. — ^Direct experiments on man to ascertain 
the pathogenicity of the gonococcus have been almost entirely confined to urethai 
injection. By this route, using pure cultures of the organism, it is comparatively 
ea.Hj to set up a typical attack of gonorrhoea, both in males and in females (Bumm 
1885^?, Wertiieim 1891, Bordoni-Uffreduzzi 1894, Finger et al. 1895, Colombini 
181i8). The injection of a young culture into the urethra is followed in two or three 
days by a purulent urethritis, which pursues a course similar to that occurring in 
the natural disease, often lasting for months in spite of treatment. Gonococci are 
prebciit ill the pus ceils, and may be recovered in pure culture. 

Not only is it possible to convey the disease to a normal person by injection of 
pure cultures, but it is possible to incite an acute attack in a patient who is suffering 
fri»m chronic gonorrhoea. There is apparently little, if any, immunity acquired 
to the disease. Injection into the human urethra of killed gonococci gives rise 
to a transitory purulent inflammation (Scholtz 1900). 

jSteinsehnekler and Schaffer (1895) injected large numbers of living gonococci into 
the subcutan€H)Us tissues of healthy persons, and found that no reaction of any sort occurred. 

Using gonotoxio, de Christmas (1897) found that the injection of 1 ml. into the human 
urethra gave rise to a urethritis, coming on in 2 hours, and subsiding after about 2 days. 
No immunity was established ; the same effect was reproduced after each of 5 successive 
injections. Wassermann (1898) injected 0-1 ml. of toxin subcutaneously into himself; 
4 hours later a reaction set in, characterized by local inflammation, slight shivering, an 
evening rise of temperature, headache, and pains in the limbs and joints. He then injected 
the Mine dt^se subcutaneously into two patients suffering from chronic gonorrhoea; 

similar results followed, accompanied 
by swelling of the local glands. No 
immunity to the toxin was established ; 
the same reaction was repeated after 5 
separate injections at 4-day intervals. 

Diagnosis. 

The diagnosis of gonorrhoea de- 
pends in the main on the demonstra- 
tion of the causative organism. The 
characteristic morphology and stain- 
ing reaction of the gonococcus, and 
the fact that a considerable propor- 
tion of the cocci are always intra- 
cellular, make it possible to confirm 
the cfinioal diagnosis by micro- 
scopical examination of the purulent 
discharge hi amte infections (Fig. 282) . 
Wherever any element of doubt 
exists, cultures should be prepared on 
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a suitable medium (see Chapter 23). In chronic cases it may be extremely diffi- 
cult to demonstrate the gonococcus in films, or to isolate it in culture. This holds 
particularly true for the female, where a diagnosis on niieroscHpic grounds alone 
can rarely be made. Appropriate measures must be taken to obtaiii material for 
examination from the situation most likely to be the seat of cliroide iiifection— 
the deep urethral glands and the prostate in the male, the Barthoiiniaii glands 
and the cervical glands in the female. It may be noted that the fluid wirhdrawii 
from the joints in gonorrhoeal arthritis is frequently feteriie, aiid that the same 
is true of pus withdrawn from the Fallopian tube in chronic teases of uonorrlioiai 
salpingitis. 

For diagnostic cultivation the method described by and his i;ollea;j:5ie.s ^ - 

is to be strongly recommended. The medium used is a 10 }3«ir eerit. heated blood 
prepared from broth made according to Wright's (1921), 1933i methrMl, i.f., extra-ni^iii of 
the minced meat for 45 minutes at G. in the presfiiice of 1 pe recent. and »‘-2 

cent. iSra 2 HP 04 , followed by steaming. The broth should have a reaction of pfl 7-4, iind 
the minimum amount of agar necessary to give stability to the iriediurn should be Jidded. 
The plates are first incubated for IS hours at 3fi^ C. in a closed jar cuntainiiig air, H fser 
cent, of which has been replaced by COg, and then for 24 hours under ordinary lurobic 
conditions. A 1 per cent, solution of tetraraethyl-p-phenylenediai!iiiie hyrlrotdiloride is 
then poured over the plate and run off immediately. The effect of this solution is to turn 
gonococcal colonies a bright purple colour. Medium-sized convex traiHliieent colonies 
that rapidly turn bright purple and are found microscopically to consist of Grinn -negative 
diplococei may be provisionally accepted as gonococci. For further identih(‘atiMfu when 
necessary, the colonies are picked off, and studied culturally and biochemifally. A rapid 
provisional method for establishing their identity based (Ui tht‘ sohibllity r»f g<airc‘04-ei 
in N/10 KaOH is described by Cantor, Shelanski and Willard (1942). Oreasionally 
colonies giving the oxidase reaction and consisting of Gram-ncgativc^ dipI*MiK,*ci are 
isolated from the genito-urinary tract which subsequent examination >ho\\rt are not true 
gonococci. Organisms of this type are unlikely to give rise to more than i- 5 p-'r ce!it, 
of erroneous diagnoses- Cultural methods are greatly KUpCTior to direct micTOScopieal 
examination of smears (see, for example, Gib!>ons 1937, Gar{K?nter, Leahy and Wilson 
1938, Sewel, Clarke and Nelson 1941) ; nevertheless a certain number of <*ases do occur in 
which the smear method is positive when the cultural method is negative. The greatest 
caution, however, must be taken in chronic cases in identifying the gooociK*cus on mor- 
phological appearances alone. As Beck (1933) points out, confusion is often caused by 
staphylococci and streptococci, which may occur in pairs and fail to retuiii the Oram 
stain. If swabs for cultural purpe^es cannot be inoculated at once on to a suitable intdium, 
measures must be taken to prevent death of the gontKocci. Cox and McDermott (1943) 
recommend collection of the exudate on to a small wooden toothpick ; this is dropped 
into a tube, 50 X 6 mm., containing 0-6 ml. of a mixture made up of equal parte of sterile 
distilled w'ater and defibrinated horse blood to which 1/30,000 crystal violet and 5 mgm. 
per 100 ml. of pam -aminobenzoic acid are added. The tube is closed with a eorktd paraf- 
fined stopper. By this means successful results may be obtained, even after transmission 
through the post. 

In chronic or latent gonorrhcBa, or in cases of rheumatism, iritis, etc., in which a 
latent gonococcal infection is suspected, failure to demonstrate the presence of the 
gonococcus can never he regarded as definite evidence that this organism is absent 
from the tissues. In such cases certain indirect methods of diagnosis axe available. 

The (k)mpianie!itrFixatioii T^ — ^Mflller and Oppenheim (1906) were the first to 
apply this test to cHnioai practice, obtaining a positive result in a case of gonorrhceal 
arthritis. Since then it has been used by a large number of workers ( Watabiki 1910, 
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Scliwaitz and McNeiii 1911, 1912, Keyes 1912, Kolmer and Brown 1914, Irons 
and Nicoll 1915, Dixon and Priestley 1919, Priestley 1919, Magner 1920, Smitli 
and Wilson 1920, Herrold 1921, Torrey and Bnckell 1922, Torrey et al 1922, 
Walker 1922, Rubenstein and Ganran 1923, Osmond and Oliver 1929, Kristjansen 
1931, Price 1933, Tlijotta and Waaler 1933, Scbropi 1934). 

The technique of tlie reaction requires extreme care, and for a detailed descrip- 
tion of tiie various methods employed the student is referred to the Medical Research 
CoiinciFs Report (1918)— a report which has been largely drawn on in the present 
section on diagnosis. It is generally recognized that a polyvalent antigen and an 
anti-sheep haemolytic system are most satisfactory. 

Great care is necessary in the interpretation of the reaction. The following 
points must be borne in mind : (1) the reaction does not become positive for at 
least 2 weeks after infection ; (2) it is often negative in simple cases of anterior 
urethritis in the male, and of urethritis in the female ; (3) it is generally positive 
in cases in which complications are present ; (4) it remains positive for about 
3 months after clinical cure ; (5) a single negative reaction is of little importance ; 
(6) two or three successive negative reactions during the course of 4 to 6 weeks 
are of considerable importance in excluding the presence of the disease ; (7) a 
positive reaction becoming negative about 3 months after clinical cure is strong 
evidence in favour of real cure ; (8) a positive reaction denotes the recent activity 
in the body of a focus of living gonococci. 

Sera of patients who have never bad gonorrhoea are said to be consistently 
negative. The injection of vaccines interferes with the test, as the gonococcal 
antigen itself is able to stimulate the production of specific immune bodies ; the 
reaction is therefore valueless in vaccine-treated patients. Only in one" other 
disease may the reaction be positive — ^namely in cerebrospinal meningitis ; the 
two diseases are so easily differentiated on clinical grounds that confusion is unlikely. 

Table 125 shows the percentage of positive reactions which may be expected 
in certain gonococcal infections. It has been compiled largely from the results 
of Schwartz and McNeill (1911, 1912), Kolmer and Brown (1914), Smith and Wilson 
(1920), . Walker (1922), Torrey, WMson and BuckeU (1922), and Rubenstein and 
Gauran (1923). ** 

It is seen that complications in the male genital system and in the joints give the 
highest percentage of positive results. The test is therefore of considerable value 
in those cases in which microscopic and cultural tests are most likely to fail. It 
is of especial value in chronic pelvic disease. 

The complement-fixation test is being regarded with increasing favour. The 
more recent reports record a very small proportion of false positive reactions — 
usually under 1 per cent.— and a higher proportion of positive results than is given 
in Table 125. Price (1933) in particular, using a modified technique, claims 
to have obtained a very high proportion of positive results, ranging from 27 per 
cent, in the 1st week after exposure to 100 per cent, in the 5tb week. 

The figures given by Tuliocb (1929) from Dundee may also be quoted. 

Complement fixation poative : microscopical findings positive : 433 
n tt negative : „ „ negative : 737 

» „ positive : „ „ negative : 163 

n negative : „ „ positive : 215 

The figures given in the last row refer mainly to early cases in which the com- 
plementrfixation reaction had not had time to become positive. Those in the 
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Subacute and Chronic Gonorrhoea . 

. to J. 

fil'^0 

Epididymitis 

- . 82 % 

Prostatitis 

. , S<T’q 

Vesiculitis 


Metritis 

. 

Salpingitis 

. ‘ 77% 

Vul VO- vaginitis 

• . 50% 

Arthritis 

■ - . 82 % 


positive reactions 


tMrd row refer inaiiiiy to chronic cases, and it is in sneh cases that tiie complement- 
fixation test finds its main value. 

Precipitin Reaction. — This method was advocated by Robinson and Meador 
who found that discharges from gonorrhoeal iiifiammations gave a precipitin rt-action 
with antigonococcus serum, even when no gonococci were to be found mieroseupiciilly. 
Kelley (1922), who tried this reaction, was unable to confirm their results. Thi^ t 4 ‘St 
cannot yet be relied on for diagnosis. 

More recently Meinicke (1931) has introduced his KlarimgsreaMim (MKR and 
Muller (1932) his Ballungs-Rmktion (Im.B.R. test) for the diagnosis of gom >rr!ia‘a. Accord- 
ing to Schropl (1934), who made comparative observations on these* both of them 
give a higher proportion of non-specific reactions than the eomplcment-fixati<*n tent, 
especially with syphiKtic sera. One or other of them may be used, howx*ver, in tb m 

with the complement-fixation reaction in order to amplify and control the rcMilts 
by this test. 

Skin Reaction. — Bruek (19<)9| found that patients with ironorrhim showwi a niarkHi 
skin reaction to dead gonococci. Kohler employed this test in diagiiosiH, and found it 
to be valuable in many cases. 

Irons (1912) prepared a glyeerinated susj)eiision from several strains of gonocoeti, 
which he called gonococcin. Inoculation was made on the skin with the point of a needle. 
After a few hours, in positive cases, a papule appears, surrounded by hyptTseiiiia, reiitiiiiig 
its maximum size in 24 hours, and disapi^earing after several days. The diameter of the 
papule and the hypermmie zone around it is 5 mm. or more. The miidion wtm found 
to be generally positive at some time during the course of the dist^ase, but in cases of 
severe infection, it might remain consistently negative. On the whole, it does not appear 
to be sufficiently regular to he of value in diagnostic work. 

Prevention and Treatment. 

Prevention is intimately associated with early diagnosis and efficient treatment. 
The mode of infection indicates sufficiently clearly the ways in which the disease 
can be avoided, and the reservoirs of infection which exist in any community. 
The problem is one of personal and social hygiene. 

Opinions as to the value of vaccine treatment differ considerably. The evidence 
available does not lend itself to statistical analysis (sm Aronstam 1^, Ballenger 
1908, Butler and Long 1908, Churchill and Soper 1908, Hamilton and Cooke 1908, 
Bmck 1912, Lees 1919, Thomson 1919). 

Antibacterial sera have been employed in the treatment of gonorrhea, but 
without any conspicuous success. The infection is not of a type in wMch we should 
expect such sera to be of value {see Bogers 1906, Toxrey 1906, J6tten 1921). 

Of recent years the whole problem of treatment has been altered by the intro- 
duction of the sulphonamide group of drugs and penicillin. Of the sulphonamicies, 
sulphathiazole and sulphadiazine have so far given the best results. In males, 
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4 days’ treatment witli 5 gm. of sulphatMazole a day is said to cure over 90 per cent, 
of acute cases (Harrison 1942 ; see also Osmond 1943). Early acute cases in 
females likewise respond well to treatment, but chronic cases present far greater 
dfficulty (Osmond 1944). In spite, however, of the outstanding success of the 
sulphonamides, numerous failures are experienced. The cause of these is not 
perfectly understood. In some instances the infecting strain is resistant to sul- 
phonamide or becomes resistant as the result of insufficient dosage ; in others the 
natural defence mechanism appears to be inadequate ; and in others there is 
a suggestion that the patient’s serum possesses properties antagonistic to suh 
phoiiaixiide action (see Editorial 1944). Fortunately most cases that prove 
resistant to siilphonamide treatment respond well to penicillin. Acute cases 
may be cured by the iiitiamuscular injection of about 20,000 units every 3 hours 
till hve doses have been given. Gonococci disappear within a few hours of the 
beginning of treatment, and within 24 hours the urethral discharge dries up 
completely. How far penicillin treatment will prove successful in chronic cases, 
and whether penicillin-resistant strains wiU increase as this form of treatment 
becomes more prevalent, it is as yet impossible to say. It may be noted that 
treatment with peniciUin is now the method of choice in gonorrhoeal ophthalmia 
One further method is available, namely that of induced pyrotherapy. This 
depends on the fact that in culture the gonococcus is almost completely destroyed 
by exposure for 2 hours to a temperature of 41*5°-42° C. (see Carpenter et al. 1933). 
The patient’s temperature is raised by placing him in a special cabinet heated 
with carbon filament lamps, or by passing high-frequency currents through his 
trunk. The aim is to keep his temperature at a sufficiently high level for a sufficient 
length of time to bring about in vivo sterilization of the gonococci. This is a 
very severe form of treatment, not without its hazards (Wallace and Bushby 1944), 
but it holds out hope for the patient when other methods have failed (Warren 
€t al 1937). 
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CHAPTEE 66 


SCARLET FEVER, AND OTHER DISEASES DUE TO HJIMOLYTIC 

STREPTOCOCCI 

SCARLET FEVER 

Our prestiEt conception of the mechanisirL of infection and resistance in scarlet 
fever affords an excellent example of the solution of a bacteriological problem by 
the convergence of evidence obtained along many different lines of investigation. 

The fact that long-chained streptococci are frequently present in the throat 
during the early stages of scarlatinal infection has been known since the early 
days of bacteriology. Baginsky and Sommerfeld, in 1900, recorded their presence 
in each of 7(j0 cases. As soon as the differentiation of streptococci into haBmolytic 
and non-hiemolytic types had been established, it became clear that the species 
so constantly associated with scarlet fever was Str. pyogenes. The streptococcal 
infection appears not to be strictly confined to the tonsils or fauces ; Hektoen, 
in 1903, reported the isolation of streptococci from the blood in 12 per cent, of 
the cases which he studied, and noted that this evidence of bactersemia was not 
necessarily of bad prognostic significance. In spite of such observations as these, 
there was great hesitation in accepting the undoubted association between hsemolytic 
streptococci and scarlet fever as one of cause and effect ; and this hesitation was 
natural. Sin pyogenes was already known as the essential cause of various acute 
suppurative and septicaemic infections in man ; and there seemed no means of 
differentiating between the strains isolated from scarlet fever, and those isolated 
from such conditions as cellulitis or erysipelas. A septic form of scarlet fever was 
well recognized by clinicians, in which haemolytic streptococci were by general 
consent accorded the principal causative rdle, and it was commonly agreed that these 
organisms were the most frequent causative agents in such complications as otitis 
media ; but the general trend of opinion was to regard Str, pyogenes as an important 
secondary invader, playing a part similar to that of Str, pneumoniw, or of 
Sir. pyogerm itself, in the secondary pneumonia of measles, influenza, or whooping 
cough. Moreover, the bacteriological findings had, in some directions, an appear- 
ance of inconsistency. Jochmann (1905), for instance, reported his failure to isolate 
streptococci from the blood, or tissues, of patients dying within a few days from a 
malignant form of the disease. 

The Buspicion remained, that the association might be closer than that implied 
by the dominant view ; and, whenever a new method of bacterial differentiation 
was applied to the Stf&piocowus group, an attempt was made to compare scarlatinal 
sfaraiM with those derived from other sources. The use of fermentation tests 
failed to disringuish any group which was constantly associated with scarlet fever ; 
though some observers recorded a high frequency of particular fermentative types 
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in association witli this disease. The introduction of serological metliods of 
differentiation seemed to offer a better hope of solving this pro!»lera, and Moser 
and YOU Pirquet (1902), Meyer (1902) and Ros-iwall and SAiiek (lOodl tliat 

scarlatinal strains of hsemolytic streptococci could be differentiated by^ an^glut illa- 
tion tests. These findings were, however, not confirmed by other obs^^rver* (Xeiifeld 
1903, Aronson 1903, Hasenknopf and Saige 1903) ; and tlie problem remained 
unsolved. In the light of our present knowledge we can hazard the that, 

along these lines alone, it would have remained insoluble. It is true tba.t the re- 
newed interest in the antigenic analysis of the hajmolytic streptococci whicdi f< ‘ll«ew«-"d 
on the studies of Dochez, Avery and Lancefield (1919) led to the rollection uf 
important new data, and that the results recorded by Bliss (192tt 1922). Gordon 
(1921), Eagles (1924), and Stevens and Dochez (i926a ami h) went far tu 
and extend the earlier observations of Moser and von Pirquet ; f^iir the ninre fiet^ilied 
studies, which w^ere undertaken in the years before trie war bv Griili+h 1927. 

1928, 1934, 1935), Smith (1926, 1927^), Jame.-^ |192b). Gmm ai.d Uriilith 
McLachlan and Mackie (1928) and others (see Chapter 24), reve,d^‘d a Lvih 
of antigenic heterogeneity among the hemolytic streptHco<>,;i, and n:ade it abun- 
dantly clear that there was no one antigenic type to which the name Sir. sc aria- 
iince or Str. pyogenes var. scarlatince could be applied, though some !yf»es were 
far more commonly associated with scarlatinal infections than others, just a* 
some types of pneumococci are isolated more frequently than others fneii r^use.^ of 
lobar pneumonia. Practically all strains of hsemolytic u^trepfococei that have bf*en 
isolated from cases of scarlet fever have been found to belong to LanccTiebbs Group 
A (Streptococcus pyogenes), the strains falling wdthiii thi-^ croup being cljaracttui.stii*- 
ally pathogenic for man (see Lancefield 1928, and, for further details of antigeitic 
structure, Chapter 24). Of a total of 8,096 strains reviewed by Schwentker, 
Janney and Gordon (19436), 7,995 belonged tu Group A, 2 to Group B, 39 to 
Group C, 21 to Group G, and 39 to unidentified groups. Thus, about 99 per cent, 
of all strains fell into Group A. The isolation of o<:jcasio!ial strains of Groop C 
or G need occasion no surprise, since these organisms are not infrequent in the 
normal throat. 

In Britain, Types 1, 2, 3 and 4 were most frequently isc»kt©d fix>ni of flearlet 
fever by Griffith (1934) (see also Cooke and Neisser 1937, Green 1937, XelsstT 1939, de Wml 
1940, 1941). In Gelsenkirchen, Germany, Gundel and Wustenberg (1937) found Types 
4, 3, 5, 1 and 2. In Tokyo, Kodama and his colleagues (1937, 1939) record predominanee 
of Types 1-4 in the winter of 1936-37, of Types 2, 4, 8 and 10 in 1937-38, and of Ty'pes 
2, 4 and 8 in 1938-39. The common types in Australia are differcnt. In Sydne^^ White, 
Rudd and Ward (1939) found that Types 17, 1, 4, 6, 5, and a local typv W»«le ” pre- 
dominated in 1936, and Types 11,4, 17, “ Wade and 1 in 1938, Kc^ogh and his coleaguc'S 
(1939a) could find no Types 1, 2 or 3 in Adelaide, wkere Ty|)e “ Wade predominated ; 
in Melbourne, however, Type 2 predominated in 1939-40, the remainder of the cases being 
associated with Types 17, “ Wade,” 11 and 6 (Kelsey 1941, Keogh, Simmons and Wifeoii 
1941). The American figures are again different. Bafiey (1939), for exanqde, in Chicago 
found Types 2, 3 and 6. In a general survey of scarlet fever atreptoocxjci in the U.S.A., 
Keefer and his colleagues (1942) found that Types 15, 13, 11, 1 and 2 pndomlnated in 
1938-39 ; and among soldiers in a U.S. Army camp, the scarlet fever ty|>efi were 3, 17, 19 
and 1 (Hamburger ei at 1944). Bynoe (1943) records that in Ottawa, 1940-42, the preva- 
lent t 3 rpes were 3, 19 (17), 4, 2, 6 and 14. 

Most observers are agreed that the scarlet fever types in a given community also 
predominate in other varieti^ of streptococcal infection— tonsiBitls, pharyngitis, puoriHva! 
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fever and so forth— but occasionally there are marked dijBFerences. Thus Hamburger 
and Ills colleagues ( 1944) noted that Tj^pe 6 was, among others, prevalent in throat infections 
in u camp, but never gave rise to scarlet fever. As regards the severity of the scarlet 
fever produced by different types, no generalization is possible, though in some com- 
certain tv|'>es — for example* Type 1 in "Britain, and Type Wade in Australia 
—have been found to be associated with the severer infections. 

Ori^e it had been shown that Str. 'pyogenes was constantly associated with 
scarlet fever it was natural to inquire whether this organism would reproduce 
the disease in any expjeri mental animal. The results obtained when the usual 
laboratory animals were inoculated with cultures of hsemolytic streptococci, 
from any source, showed that the guinea-pig, rabbit and mouse differed in their 
resistance to this bacterial species, and that the type of infection produced varied 
in relation to the virulence of the particular strain inoculated, and the route of 
iiiof ulation : but there was no indication of any correlation between a particular 
tvpe of experimental infection and the source from which the infecting strain 
was obtained ; nor did any of the inoculated animals develop lesions which bore 
any o!*vious relation to scarlet fever in man. 

I)cx*hez and Sherman (1922), however, found that the subcutaneous inoculation of 
guinea- piL^s with streptococci embedded in agar gave rise to a fever accompanied .by an 
erv’thematous ra.-*h, which later desquamated. Landsteiner, Levaditi and Prasek (1911) 
prfMliiftii scarlet ffn^er in monkeys by inoculation of the throat with faucial exudate from 
scarlatina! patiente. Str, pyogenes was recovered from the fauces of animals so infected, 
but these strains failed to reproduce the disease in other monkeys. 

The pro<»f that scarlet fever is caused by infection with haemolytic streptococci 
rests on a series of observations that have been made on man himself, and these 
obwrvations have elucidated the pathogenesis of the disease, as well as its 

causation. 

In 1914 Krumwiede, Nicoll and Pratt recorded an instance in which a labora- 
tory worker was accidentally infected by sucking into her mouth a suspension of 
living Htreptoco(‘f*i. After an incubation period of three days she passed through 
a typi(‘al attack of scarlet fever. In 1921 Dick and Dick attempted to reproduce 
scarlet fever in a series of human volunteers by inoculating the throat with various 
organisms isolated from scarlatinal patients, including haemolytic streptococci ; none 
of these volunteers developed the typical disease, though some developed tonsillitis. 
In 192t3 the same observers carriM out another series of experiments, using a strain 
of Sir. pyogenes wdiich had been isolated from the finger of a nurse who was suffering 
from surgical sc*arlatina. Of five volunteers, who were inoculated by swabbing 
the fauces with a broth culture of this organism, three showed no reaction, one 
developed a sore throat with fever, but without rash, and one passed through a 
typical attack of scarlet fever. Five other volunteers, who were swabhed with 
filtrates from these cultures, showed no reaction. When these were later swabbed 
with living cultures, one of them developed scarlet fever. Toyoda and others (1931) 
record the production of scarlet fever in three volunteers by swabbing the throat 
with hamolytic streptococci from scarlatinal patients. 

It has thus been shown that certain strains of Stf, pyogmes are capable of 
musing typical warlet fever in susceptible human beings ; but these susceptible 
individimk are in a minprity among any random sample of the adult population. 

The explanation of this unequal distribution of resistance has emerged from 
a series of studies carried out along somewhat different lines. In 1918 Schultz 
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and Charlton rocorded a phenomenon which has played an iniportxint part in the 
subsequent study of the disease. They found that 1 ml. of normal human fteriiin, 
injected into the skin of a patient displaying; a chararteristic soarhitinai m.sfn 
produced a blanching of the rash in the immediate* neighbourho^^I of the 
This property was shared by the serum from a patient who wa« eonvale-oeiit from 
scarlet fever, but not by serum withdrawn from a patient during the heigiit of an 
attack It has since been shown that the Schuitz-Charlton phenomenon is given 
by about 60 per cent, of normal sera (Dochez 1925). This react iua was originally 
regarded as the result of the presence, in normal serum, cd some hiibstarice wfiicli 
was removed from it during an attack of scarlet fever ; but Mair '^1123) recorded 
an instance in which he was able to demonstrate that the serum of a child gave a 
negative Schultz-Charlton reaction before an attack of s(‘arlet fevf^r. and a pudtive 
reaction after convalescence. He noted that sera obtained from youriu tdiiidren, 
who have not had scarlet fever, give a much higher proportion of rt'actii -n-. 

than sera from a random sample of adults ; and he put forward the vh^w that the 
positive reaction is the result of the development of a speciiie atititoxin, which 
neutralizes the toxin present in the skin of a scarlet fever pafient. A«‘i*i>rdifiu 
to this view the rash, and probably other features of the scarlatina! ^ynd^«»l^ie, 
are to be regarded as toxtemic in origin. 

It had long been knowm that certain strains «if iKcmolytic si ngirocori i yi^^Wrd 
filtrates which, in large doses, "were toxic for laboratory animah : but tlw* siist epti- 
bility of these animals was so slight that little or no progress was made in the 
study of such toxic filtrates before the investigation by and Dick (192l«, 5, 
1925a, b) of their action in man. Their results showed that Bcik^deld filtrates of 
broth cultures of scarlatinal strains of Sir. pi/r^gene.^ contained a toxic substance 
w’hich produced a typical er}i:hematous reaction, when injected intradermally, in 
a proportion of normal persons who had not suffere<l from scarlet fever (see p. 591 1. 
This local reaction was induced by the injection of 0*1 ml. of a 1 : iJnX? dilution of 
the particular toxic filtrate eniploye<L This test, which is more fully described on 
p. 1467, has since been applied to large samples of the normal population ; and the 
distribution of positive and negative reactors, whitdi is closely analogous to that 
revealed by the application of the Schick test in the case of diphtheria, in in full 
accord with the view that the great majority of young children are susceptible to the 
erythiogenic toxin, but, with advancing years, acquire an ac'tive antitoxic immunity, 
either by passing through an attack of the clinical disease, or, more eomnionly, 
by an immunizing infection with a toxin-producing streptococcus without the 
production of the characteristic scarlatinal syndrome (see Chapter 49 and Zingher 
1924). 

The administration of larger doses of erythrogenic toxin to susceptible persons 
has yielded even more demonstrative results. In a number of cases such doses 
have induced a generalized reaction with fever, nausea, vomiting and a transient 
scarlatiniform rash. Most of the recorded instances of this ‘‘ miniature scarlet 
fever ” were observed during the earlier stages of the study of the erythrogenic 
toxin ; but it still occurs occasionally, when a particularly susceptible person is 
undergoing immunization with doses of the ordinary size (see p. 1473). This 
reaction recalls the observation of Gabritschewsky (1907), who, during the inocula- 
tion of a large series of persons with a killed culture of scarlatinal streptococci, 
noted a scarlatiniform reaction in a number of his subjects. It did not occur in 
^ persons who had had scarlet fever, nor in persons injected with anti-scarlatinal 
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serum prepared (Moser 1902) by inoculation of borses with scarlatinal streptococci’ 

{see also Szirmai 1942). 

Additional evidence has been contributed by the studies of Trask and Blake (1924), 
who record the following significant observations. A toxic substance can be demon- 
strated in the serum of patients acutely ill with scarlet fever, which produces a tjrpical 
skin reaction when injected intracutaneously into persons who have not had scarlet fever, 
and whose serum gives a negative Schultz-Charlton reaction {i.e. contains no antitoxin). 
Such injections produce no reaction in persons whose serum gives a positive Schultz-Charlton 
reaction. This toxic substance is not neutralized by a human serum which gives a negative 
blanching test, but is readily neutralized by a human serum which gives a positive blanching 
test. It is not neutralized by normal horse serum, but it is readily neutralized by a horse 
anti-scarlatinal serum. 

We may also note here that during the course of scarlet fever there is usually evidence 
of a serum response to other products of Sir, pyogenes, Kecovery is associated with an 
mi^reafic in*the resistance of the plasma to streptococcal fibrinolysin (Tillett and Gamer 
1933, Tillett, Edwards and Gamer 1934, Stuart-Harris 1935, Bau and Kleu 1936, Waaler 
1036. Gordon and Balteanu 1937) and with an increase in antibody to the 0 streptolysin 
of Sir, pyogenes (Todd 1932, Longcope 1936, Green 1941, Mote and Jones 1941, Rantz, 
Kirby and Jacobs 1943). Rantz and his colleagues also noted that in 13 of 24 patients 
with scarlet fever there w’as a significant rise in agglutinins for the infecting type of 
streptococcus. 

Taking this evidence as a whole, there seems little doubt as to its import. 
Scarlet fever in man is a disease caused by infection with Str. pyogenes. The 
causative organisms are, for The most part, localized in the throat, though there 
may be a transient bacteraemia in some cases. The clinical manifestations of the 
disease result from the action of a soluble toxin, which is absorbed from the local 
lesion and carried to the susceptible cells and tissues. The varying susceptibility 
of children and adults, and of the same age groups in difierent social environments, 
depends upon the presence or absence of circulating antitoxin. Animals other 
than man, and perhaps certain anthropoid apes, do not reproduce the disease, 
even when experimentally infected, because of their much greater resistance to 
the scarlatinal toxin. 

Only one other point requires consideration at this stage, the unity or diversity* of the 
toxins produced by different strains of Str. pyogenes. In much of the earlier work there 
was an overt or implicit suggestion that the scarlatinal toxin was a characteristic and 
distinctive product of tho^ races of haemolytic streptococci which were associated with 
scarlet fever. Subsequent studies have shown that this is not the case. Omitting any 
detailed descriptions of the results recorded by individual investigators (Park and Spiegel 
1925, Lash 1926, Kirkbride and Wheeler 1926, Eagles 1926, Smith 19276, McLachlan 1927, 
Okeil and Parish 1928), the evidence at present available tends to support the following 
conclusions. The production of a soluble exotoxin, giving typical akin reactions in man, 
is characteristic of Str. pyogenes in general, and not of scarlatinal strains in particular. 
Tliere is, however, some evidence that toxigenicity is a more constant character in scarlatinal 
than in non-BCarlatmal strains. Qualitative differences in the toxins formed by different 
strains of Group A streptococci have been described by Wadsworth and Coffey (1936), 
who studied toxins made from 314 strains. Of the», 77*4 per cent, were neutralized 
by one monovalent antastreptococcal goat serum, 10*5 per cent, by a second, and 10*5 per 
cent, by & tMrd serum. The reiimiiiing 1*6 per cesnt. of toxins were neutralized by a 
cx)iabii»tion, c£ "ttie sera. Eraser (1037) reported similar results. It would appear that 
ordnmry commwcM antitoxin should neutralize a high proportion of all toxic strains. 
Wicker an eiyliux^enio toxin is produced by any other species, or group, of hsemolytio 
stwplooooci Is as yet uncertem (see Chapter 24). 
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The Bacteriological Diagnosis of Scarlet Fever, 

Scarlet fever, in its characteristic clinical form, is a disease in wliich a throat 
infection with. Str. pyogenes is associated with a rash prodoeed hy the rrrtbmgmie 
toxin, and a syndrome that is, in the main, toxaemic in origin. A of a 

throat infection caused hy Str, pyogenes is not therefore a diatrnosis of scarlt-t fever ; 
indeed, a clinician will frequently be concerned in distinguishing a throat infection 
of this type from a case that, because of other criteria, would fall into the s<’arlet 
fever category. A throat swab has not, under these conditions, any gnvt dia ic 
value. We should expect to isolate Str. pyogenes from every ciise of scari^'t : 
but we should also expect to isolate it from many cases to which that diairno^i^v woidd 
not be applicable. It may be noted that the attempt to isolate Str, pyogenes 
from genuine cases of scarlet fever is by no means uniformly siiccessfuL In our 
own experience about 10 per cent, of throat swabs taken during the first three 
or four days of the disease have failed to yield this organism, though we have 
almost invariably isolated it during the second half of the first week. As a roiitine 
it is advisable to inoculate two blood agar plates and one gentian violet blood 
agar plate, and to incubate one of the blood agar plates anaerobically in order to 
favour haemolysis. Very occasionally, Str. pyogenes fails to form hauuf *lytic d 
and its recognition becomes particularly difficult (Coburn and Pauli 1011, Coh*brook 
et al 1942). 

The Diagnosis of Snsceptihility or Immunity to Scarlet Fever. 

For this purpose we use the Dick test, in which a small dosp of toxin is iiiji*cted 
into the skin of one arm, and a dose of inactivated toxin into tlie skin c*f the other, 
to serve as a control. The amount of toxin injected is b*2 ml, containing one 
skin-test dose, and the method of performing the test is essentially the ^aine as in 
the Schick reaction {see p. 1376). The following differences should, however, be 
noted. 

The erythrogenie toxin is far more heat resistant than diphtheria toxin. The filtrate 
that is to serve as a control must therefore be heated at 96° C. for 45 ixiinutes. A control 
test should never he omitted (see Burton and Weir 1944). 

The skin reaction to the erythrogenie toxin occurs more rapidly than the reaction to 
diphtheria toxin- A bright red flush appears within 6 to 12 hours, attains its maximum 
in about 24 hours, and then fades rapidly, so that it may be almost invisible on the third 
day- The pseudo-reaction, when it occurs, is smaller and Icjss intense than the true pwitive 
reaction and fades more slowly. In this last respect, the time relations of the positive 
and pseudo-reactions in the Dick test are the reverse of those in the Schick test, and the 
times of reading the Dick test must be adjusted accordingly. 

The interpretation of the test does not differ from that of the Schick reaction. 
A positive reaction (positive on the test arm and negative on the control) or a 
combined reaction (positive and pseudo on the test arm and pseudo on the control) 
indicates susceptibility. A negative reaction (negative on both arms), or a pseudo- 
reaction (pseudo on both arms), indicates immunity. 

We can safely a^ume that, except in young infants (see p. 1078), a negative 
reaction indicates the presence of antitoxin in the circulation or the tissues ; this 
has been shown to be the case in many instances, and the Schultz-Charlton reac- 
tion affords further proof of the presence of antitoxin in the serum of resistant 
persons. Because of the difficulty of titrating scarlatinal antitoxin, to which we 
shall refer in a later section, we have, however, much less information in regard 
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to the level of antitoxin that confers an effective immunity than we have in the 

case of diphtheria. 

Although the reactions to the Schick and Dick tests have the same general 
significance, experience has shown that they are not equally reliable. It is, for 
instance, uncommon for any Schick-negative person to develop diphtheria, while 
almost every case of diphtheria is found to be Schick-positive at the onset of the 
disease. In the case of the Dick test the figures, though tending quite clearly in the 
same direction, are of a different order. 

Thus Toyoda and his colleagues (1929) note that 41 of 305 cases of scarlet fever ( 14 per 
cent.) were knoT?m to be Dick-negative shortly before infection, They give the proportion 
of cases that are Dick-negative during the early stages of the disease as 23-59 per cent., 
according to different observers, and the proportion negative during convalescence as 
82*3-91 -7 per cent. Okell (1932) records similar observations — 22 Dick-positive reactors 
among 1 19 cases of scarlet fever 3 to 12 weeks after the onset of the disease — and notes 
that a considerable proportion of persons who have had scarlet fever in early life and are 
almost certainly immune give positive reactions. Freuderiberg (1941) Dick -tested 303 
children G weeks after the onset of an attack of scarlet fever, and found that only 38 per cent, 
of 23G children aged 0-10 years were Dick-negative, w'hereas 63 per cent, of 67 children 
aged 10-16 years were negative. The association of immunity with a negative Dick- 
reaction was clearly shown in the incidence of a second attack in 1200 children, of which 
the Dick-test«‘d children were a sample. Of the 19 second attacks observed, 18 occurred 
in the 0-10 year age group, and one only in the older children. 

It would seem a just conclusion, from the evidence at present available, that 
a Dick-negative reactor is much less likely to contract scarlet fever than a Dick- 
positive reactor, but that the odds against Ms doing so are not nearly so high as 
the odds against a Schick-negative reactor developing diphtheria, and that similarly 
a Schick-positive reaction is a more reliable indication of susceptibility to diphtheria 
than is a Dick-positive reaction to scarlet fever. These conclusions should perhaps 
be amplified by pointing out that, so far as susceptibility to streptococcal throat 
infection is concerned, there seems to be no difference between Dick-positive and 
Dick-negative reactors (Schwentker et al 1943a, b, Kidd 1944). Both types of 
reactor appear to be equally liable to become symptomless carriers ; and the 
incidence of complications appears to be the same in patients with and without 
a rash (Hobson 1936, Stebbins et al. 1937). The only difference is that a positive 
reactor is more likely to develop a rash than a negative reactor. Even so, it is 
a cominon experience to observe the absence of a rash in Dick-positive persons 
infected with a strain known to produce erythrogenic toxin. 

The StandardiEalioii of Enrthrogenic Toxiu. — One of the great difficulties of the 
Dick reaction is that involved in the standardization of the erythrogenic toxin 
(see Okell 1932, Friedman et al. 1935). The skin test dose is defined as the smallest 
amount of toxin that will, on the average, produce an erjrfchematous reaction, 
1 cm. in diameter, in the skin of a susceptible person within 24 hours. This dose, 
in fact, often corresponds approximately to 0-2 ml. of a 1 : 1,000 dilution of 
a toxic broth culture. Ite accurate measurement is, however, almost impossible ; 
in part, because the affiumption that any sample of human beings are fully, 
or equally, susceptible, even when all react positively to a particular dilution of 
toxin, is quite unjustified ; in part, because an adequate supply of susceptible 
persons on whom the tests can be performed is not' easy to obtain. When several 
fully suwjeptibie persons are available for the titrations, an erythrogenic toxin can 
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be measured with an approximation to accuracy — a filtrate of st reiti?it li x can, for 
iiistaiice, be differentiated from a filtrate of Imt it i- not always easy 

to do even as well as this (see, for instance, James, Joi* and Swyer 1929, O’Brien 
1930, KolcMn 1940). This question will be discussed in more detail wlien we are 
considering the standardization of antitoxin. 

The Epidemiology of Scarlet Fever. 

There is every reason to suppose that the epidemiology of scarlet fe\'cr is 
analogous to that of diphtheria. In both cases we have diseases cliararterized 
primary throat lesions and a characteristic clinical hj'ndroiiie that is deterniiiied, 
in the main, by the effects produced by the diffusion «ff a soluble toxin from the 
primary lesion. In both, carriers of the causative organism greatly oiitnumb^r 
the clinical cases. In both, the population at large L undergoing, from early cliild- 
hood onw'ards, an active immunization resulting from latent or atypical infections 
(see, for instance, Okell and Parish 1928, Stocks 193d, AIli‘?on and (biiiii 1932, 
Okell 1932). They differ, however, in one important respect. Broadly speaking, 
diphtheria is the only clinical manifestation of 0. dlplitherta\ whereas scarlet fever 
is but one manifestation of a wide variety of lesions caused by Stf. pg^enes. 

The earlier observations on the distribution of the causative organism, including those 
carried out in the authors’ laborator}’’ at IVIanchester and in London (Repitrt 1930, Straker 
et al. 1939), referred to the incidence of haernol^dic streptoc<K:*ei in general, Imt niore recent 
information is available on the incidenc^e of Sfr, pyogemn in particular. The fe^queiicy 
with which this organism can be isolated from the throat cT normal persons ncd in contact 
with epidemic streptococcal infection of the respirat^^ry tract varies \videiy with age, season, 
country, occupation and doubtless other factors. Thus the following figuri‘S may be 
quoted as examples : healthy children and adults in Melbourne 4*5 jk.t cent. (Keogh et aL 
19396) ; school children in Melbourne 13-3 per cent. (IVIaedonald it ni. 1940) ; students, 
staff aifd out-patients in hospital at Patna 10-6 per cent. (Chatterjee and Mitter 1941 1 ; 
parturient ’women in Shanghai 1-8 per cent., and hospital nurses in Shanghai 4 |>er cent. 
(Wu 1941) ; healthy girls in a residential school in BuckinghamHhirc* 4-2 ficr cent, (Report 
1941) ; patients suffering from measles on admission to hospital at Bristol 11*7 jk^r cent, 
(Peters et al. 1942) ; Army recruits in Wyoming 8 i)er cent. (Sehwentk^^r 1943) ; incoming 
naval recruits in the United States 4 per cent. (Schwvntker ei ah i943a) ; Bantu children 
19-0 per cent. (Murray 1943) ; patients and nurses in the Birmingliaiii Accident Hospital 
19*2 per cent. (WTlliams and Harper 1944). 

On the whole, the carrier rate in the throat of normal persons usually seems 
to vary between 4 and 8 per cent. It tends to be highest in the winter and spring, 
and lowest in the summer and autumn months. 

In any community, such as a school, where overt infections like tonsillitis or 
scarlet fever are occurring, even though the number of such cases is small, the 
incidence of Sir. pyogenes in the throat tends to be far higher. Carrier rates of 
25 or 50 per cent., or even more, are by no means uncominon. In the nose Sir. 
pyogenes is much less frequent than in the throat. The normal incidence is below 
1 per cent. When it is present in the nose, it is almost invariably found in the 
throat as well. 

We have defecribed on p. 1387 the way in which diphtheria bacilli disappear from 
the throat during convalescence, and reference to Table 115 will shoiv that about 
50 per cent, of diphtheria convalescents have ceased to carry by the 20th day, and 
90 per cent, by the 50th day. It has become quite clear that the disappearance 
of hsemolytic streptococci from the throat during convalescence from scarlet fever is 
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iiiucli rfower (see Niclaolls 1927, Gordon 1927, Gunn and Griffith 1928, Allison and 
Gimn 1932, Brown and Allison 1935, Allison and Brown 1937, de Waal 1940) ; 
and it would seem that the carrier rate among convalescents on discharge from 
hospital is usually of the order of 50 per cent. By itself, however, this statement 
is misleading, imless it is pointed out that the carrier strain on discharge is often 
different from that on admission. The observations of Allison and Brown (1937), 
followed by those of numerous other workers (Cooke and Neisser 1937, de Waal 
1940, Peters et al 1942), have shown that a variable proportion of scarlet fever 
patients treated in general, wards become cross-infected with a strain of a different 
serological type. This happened, for example, in 33 out of 47 of Allison and 
Brown's cases. Many of the patients became infected with two, three, or even 
four different types in succession. At the time of discharge, after an average 
stay in hospital of 33 days, 39 patients were still infected. The primary strain 
disappeared, on an average, after 18 days ; the cross-infecting strain persisted 
for a time varying from a few days to a few weeks. 

The result of such cross-infections varies according to circumstances. The 
infection may remain latent ; it may give rise to a transient secondary fever, accom- 
panied or followed by complications such as coryza, tonsillitis, adenitis, or otitis ; 
or it may be responsible for a completely fresh attack of scarlet fever. Allison 
and Brown (1937) found that the majority of complications occurring in multiple 
bed wards after the end of the second week in hospital were due to cross-infection. 
Our own experience would suggest caution in accepting this finding as necessarily 
true of all hospitals, or of the same hospital at all times. 

Though a high proportion of scarlet fever patients are still infected on discharge 
from hospital, it is difficult to say how many of them are actually infective. The 
return case rate does not as a rule appear to exceed 2 per cent., though slightly 
higher figures are sometimes quoted. Brown and Allison (1935) found that heavy 
carriers were more likely to prove infective than light carriers, and that patients 
discbarged during the 5th, 6th and 7th weeks were more infective than those 
discharged earlier. This observation is interpreted as suggesting that the primary 
infecting strain loses most of its infectivity by the 4th week, and that the cross- 
infecting strain is still infective at the time of the patient’s discharge. 

Epidemiological evidence indicates that the great majority of patients infected 
with streptococci become relatively harmless to their fellows within 3 or 4 weeks. 
As Griffith (1934) suggests, this may be due to a process of antigenic degradation 
accompanied by loss of virulence occurring in the throat of a person who has 
become immune to the particular type of streptococcus with which he is infected. 
On the other hand, numerous — mainly unpublished — observations have been made 
showing that an occasional convalescent carrier may remain infective for weeks 
or even months, as evidenced by his ability to give rise to an outbreak of sore 
throat or scarlet fever due to the same type of streptococcus in an institution to 
which he is admitted (Griffith 1934, Moore 1943, Bbissard and Fry 1944, Coburn 
1944o). No bacteriological test is available to distinguish between infective and 
non-infective strains of Stf. fycgme^^ but it is usually found that persistently 
infective carriers have some abnonnality of the upper respiratory tract, such as 
a discharge from the nose or ears or enlarged -unhealthy tonsils. 

The extent to which infestion spreads among a population has been studied 
in institutions (we Griffith 1934, Report 1938, Straker et al 1939, de Waal 1941) 
and other communities (SchwenAer 1943, Schwentker et at, 1943a, 6). The attack 
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rate is subject to considerable variatioT^ seldom, however, in this country exceediog 
10 per cent, and often being very much lower. Though there may be a parallelism 
between the carrier rate and the attack ratt*, liunieroiis exceptions orciir. From 
iostitutioiial studies we have learned that there may be few cases ewm in the 
presence of a high carrier rate, and niaiiy when the carrier rate is low. Ham- 
burger (1944j has had tlie saine experiHiiee, This does not seem to be determined 
wholly or even inaiidy by tlie previous streptococc^ii experience of the eliildreri ; 
!iiid us Griiiith’.'i studies show, iiniuiuiity in any ease U more cir le^s type-specific. 
The evidence i< far inccc* in favour of Griththhs conceptioii of the existence of 
strains possessirig varyiiig of infer-tiviU' and invasiveufCHS f'ee Stocks 191 1 j. 

An epideiidc .-train, eudowed with both the-e qualities in a high degree, is liable, 
when introduced iiito a given |Kq)ulatioin to can-e a relatively high morbidity, 
whereas other strain- less liberally imdowed in the-e respects will Le Te-poi>ibIe 
for merely a few .-poradic or *' drufjpinu < a.-es. Anaiot^y with exiMuieiice cd 
the meniiigocoGcus very ch>e. An additional factor that nuj exert a coii- 
feiderable effect on the extent and severity of scarlet fever is tlic coiiicideiice of 
other respiratory disease, such as measles or indueiiza (<ee Gordon 1939;. Acc« uding 
to Stebbiiis, Ingraham and Heed (1937), wdi«> marie a vc^ry careful study of milk- 
borne streptococcal outbreaks in Xew York State, cdiildreii under 15 years of age 
are more infective than older children or adult-^. The secondary attack rate 
among household contacts was nearly twice as high wheji the infecting oase was 
a patient less than 15 years old — 13*7 as opposed to 7-3 per c'cuit- The wc^rkers 
quote figures of 20*0 and 5*3 per cent, for children under and over 15 year-^ respec- 
tively in a non-milk-borne outbreak in the same State. Gordon .slates that 

children under 5 years are responsible for about eleven times m many >eto!idary 
cases as are patients aged 15 years or older. Coburn and Pauli (1941) likewise 
found that children were much more infective than adults. 

Mode of Spread of Infection. 

Spread of scarlatinal infection is believed to be usually due to drtqfiets or 
droplet nuclei, the source of infection being a case of toii.-illitis with or without a 
rash, or a convalescent or normal carrier. Hseiuoiytic streptococci have been 
isolated by some observers from the desquamated scales of scarlet fever patients 
(see Allison and Gunn 1932) ; but it is unlikely that this is a frequent source of 
natural infection. Far more important— at least in hospitals — ^is aerial spread 
by infected dust. Numerous workers have now demonstrated the presence of 
hsemolytic streptococci in the dusi of wards or dormitories housing patients suffering 
from scarlet fever, tonsillitis, or other streptococcal infection (White 1936, Cruick- 
shank and Godber 1939, Stalker et a!. 1942, Walter and Hucker 1942, Edward 
1944 ; see also Chapter 91). These organisms may remain alive and apparently 
virulent for several weeks, especially if protected from light ; and there is reason 
for believing that cross-infection in hospitals is often due to dust derived from 
the fioor, the bedclothes, or the patient’s handkerchief. 

Apart from personal contact and dust, an important mode of spread of scarlet 
fever is by milk Since the classical Hendon outbreak of 1885, there have been 
numerous epidemics, both in Europe and America, in which the epidemiological 
evidence incriminating milk has been ovewhelming. Of more recent years, tMs 
has been supplemented by bacteriological proof, consisting of the demonstration 
of the same type of infecting organism in the milk as in the throat of the patients. 
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IlKjmh it wa5 believed at one time tliat the usual source of infection of the milk 
Wtis the spray t»r ear di'-charge (see Hemiingsen and Ernst 1939) of a worker 
on, the fami or in the dairy, the evidence is now pointing more and more in favour 
of iiifeeiiMii of the udder of the cow itself. Most cases of streptococcal mastitis 
are due ^-o Sir. ^galaciuf^ ; but in occasional cases an organism indistinguishable 
from Sir. pyngems is responsible. In such instances the milk may contain enormous 
iiimibers of streptococci that prove highly infective for man. Milk that is con- 
taminated directly from a human case or carrier is liable to be less infective, because 
Sir. fy^jgenes does not usually multiply to any considerable extent in milk at room 
temperature (Pullinger and Kemp *1937). Several outbreaks have now been 
recorded in which infection has been traced to the diseased udder of a cow, and 
in some a human carrier has been found from whom the cow presumably derived 
its infection (see Jones -and Little 1928a, h, Camps and Wood 1936, Watson 1937, 
Bf?iidixeii and Minett 1938, Hemiingsen and Ernst 1938, Douglas et al. 194:1, Dublin 
€t al 1913). Stebbiiis, Ingraham and Reed (1937) were able to trace infection in 
f) out of 7 streptococcal outbreaks of sore throat to mastitis in one of the animals 
supplying the milk. In the remaining outbreak the milk had been infected from 
a human source, having been bottled and capped by a worker suffering from an 
acute sore tliroat (see also Dublin ei al. 1943). It may be noted that in these 
outbreaks, three of whkdi were classified as scarlet fever and four as septic sore 
throat, patients who gave a history of a previous attack of scarlet fever suffered 
m severely as those with no such history. The case mortality rates and the inci- 
dence of complications were the same in both groups. The only difference was 
in the frequency of appearance of a rash, the incidence being less than 30 per cent, 
in the former, and nearly 65 per cent, in the latter group. 

The !iist<»ry si'ariet fever provides an excellent example of an infective disease 
wdiich has exhibited variations in its behaviour during the past half-century. 
We have alrea<lY noted the mildnesvS of the type of infection now prevalent ; but this 
mildness is a relatively recent development. In 1861-5 the death rate from scarlet 
fever, In England and Wal(j=^, was 982 per million living ; twenty years later it had 
dropped to lialf this value ; and in the quinquennium 1921-5 it had fallen to 29 per 
million. This decrease in mortality has, during recent years, been associated with 
a shift in the age incidence of the disease. The morbidity in the 5-10 age group has 
increased at the expense of that in the 0-5 age group ; while the maximum mortality 
now tends to fall on older children and yoimg adults. 

Prophylaxis 

In a disease like scarlet fever, in which the carriers among the general popula- 
tion largely outnumber the cases, we should not expect isolation in fever hospitals 
to exert any appreciable effect on the frequency of the disease among the popula- 
tion at large ; and we may note that Woods (1928), in a statistical study of the 
incidence of scarlet fever in various districts in this country over a period of 25 years, 
could find no evidence that isolation had any effect on the prevalence of the 
disease* 

So^ far as the |»tient himself is concerned, it must be remembered that cross- 
infections in hospitals are very common, and that they may be responsible for 
complications and' for increaring the duration of treatment. Their incidence may 
be greatly reduced by nursing the patients in cubicle blocks, or in wards reserved 
for patients infected with the same serological type of organism (AUison and Brown 
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of diyhtLeria to a 5ii«Idoii clo-e. itird^iiLir oat^ -Loa’id ndioe: b*'f a** teknard.a 
convaleR^ojy^ to nu iii-titation. TL- ^iiirh tin* maj e'ky o: at 'U-mlvsce!,"" ‘ tirior- 
appteirfo become noiidiifective wiridr. 3 or I ador.al . atin^r- .Oxov 

infective for mncli luiiyer and Lo mmyon.-ibw far imr.diudn-i tiio iimo tb' 

eommunity. Searelt sLould be made in ad oic.v.d*- idr dm-onr.iif^y of tin* 
upper re?jpiratory passage^, and any chiltl who funnd to be a « <irr>r of /•- e*?;* 
arid to have rMiiorrhoeaj otorrlioea, oreruartred uiila*althy tuimi!', sir miM be reg.ird»^d 
as potentially dangerous and treated iioc*~rding!y. Nasal inbrliMii- yield 

to sulpliapyridine snuff (Boi&sard and Fry 1912, 19441. 

Active Immunization against Scarlet Fever and Passive Protection witti Semm. 

The reagent used for active inimumzation is a broth filtrate of a cult lire of a 
strain of Sir. 'pyogenes coiitaming the erytlirogenic toxin. This toxin is not con- 
verted into toxoid before use. Though some observers (see Veldee 1931, 1933) 
have reported favourably on the iimnunizing value of a formol toxuiiL siniihir to 
that employed in diphtheria immunization, most observers have found j»uch prepara- 
tions to be relatively inactive (Okeli 1932, Dick and Dick 1934). Moreover, unlike 
diphtheria toxin, the erythrogenic toxin is relatively harmless. The use of the 
unmodified toxin for immunization rarely leads to any severe local reactions though 
troublesome reactions are more numerous than in diphtheria iminuiiizatioii. 
Generalized reactions of the "'miniature scarlet fever” tjype can be avoided by 
decreasing the initial dose, and working it up very gradually, in those sii!>jects 
whose reaction to the Dick test shows them to be unusually susceptible. 

From our knowledge of the pathogenesis of the disease we should expect that 
immunization with the erythrogenic toxin wmuld produce an effective immunity 
against that part of the total scarlatinal syndrome to which it gives rise — the 
characteristic rash and probably many of the other toxic symptoms. We should 
not expect any antibacterial immunity. There is no evidence to suggest that the 
filtrate injected contains an effective dose of bacterial antigen ; and, even if it did, 
the resulting increase in resistance would only be operative against a single anti- 
genic type of haemolytic streptococcus, while a variety of types may give rise to 
typical scarlet fever. There is therefore no strong reason to suppose that this 
p.B. 3 o 
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rnetiiijd of iiiimunizatioa will protect against tlie local proliferation of hemolytic 
streptococci in the tliroat, or their possible spread to other regions ; though it 
liiive such an effect if the erythrogeaic toxin played a part in damaging the 
tissues and allowing the streptococci to proliferate. 

Extensive held trials have been made and the results are in general accord with 
expectation, tliOii£!li it seems doubtful whether the immunity induced is as effective 

tiuit fhtained in immunization against diphtheria. 

It \\rjuld appear ; Benson 1923 s that the total dose of toxin required to induce immunity 
may be relatively iarge-—2o,UU0 skin test doses. For persons who give mildly positive 
Hick reactions l,OCHj skin test doses usually form a safe initial dose, but in those who give 
a vivid and extensive Dick reaction it is wiser to commence with the injection of 500 
>kiri test ur even less. Injections may then be given at weekly intervals, increasing 

tl.e rh’.se 2 to o times at eaeli successive injection until a total of 20,000 skin test doses 
has been given m the course of 3 to 4 weeks. Dick and Dick (1929) have recommended 
C‘veii larger dt,ses, erjinmeneing with 500 and working up to 80,000 to 100,000 skm test 
doM-s. Kok'Mii and Klein (1941), immunizing a small series of nurses, found it necessary 
ill t*rder to bring about conversion from the Dick-positive to the Dick-negative state, to 

from 9 to 19 injectioiis totalling from 20,000 to 338,000 skin test doses (see also 
Volioe 1937, 1933, Toomey 1941). 

The evidence with regard to the proportion of susceptibles that can be rendered Dick- 
immime by active immunization is less extensive and less concordant than that available 
iii the case of antidipliThcria immunization. It has been the experience of many observers 
that the proportion of cases in -which a Dick-positive is converted into a Dick-negative 
reactor is lower and the relapse rate higher, than the corresponding figures for the change 
in the Schick reaction induced by diphtheria immunization (see Heller 1927, Toyoda 
el aL 1020, Okell 1932) . 

The records of the incidence of scarlet fever in the immunized and non-immunized are 
as yet too few to afford a safe basis for any final conclusion as to the effectiveness of the 
procedure under different conditions ; but they clearly suggest that it has considerable 
value. Toyoda and others (1929) record a scarlet fever incidence of 1 per 1,000 among 
fully immunized persons, 18*1 per 1,000 among those partially immunized, and 62*5 per 
1,000 among non-immunized controls. Similar favourable results in various communities 
have been reported by Platou (1934) Henry (1935), Krumbiegel (1938), Little (1939), 
Wartlovaara (1939) and Veidee and Ms colleagues (1941) ; the scarlet-fever incidence 
rates in the non-immunized vary from 4 to 14 times as great as those in the immunized. 
As in diphtheria immunization, the most significant results have been reported from 
fever hospitals or other institutions in wMch the risk of contracting scarlet fever is unusually 
Meh. 

Beiison (1923) records the effect of Dick-testing and immunization on the incidence 
of scarlet fever among the nursing staff of the Einburgh City Fever Hospital. From 
1919 to 1925, the incidence of scarlet fever fluctuated between 4*82 and 10-27 per cent. 
Immuiiizatloii was started in October 1925 ; in 1926 the incidence was 3-52 per cent, 
and in 1927 it was 0*67 per cent. The figures for 1928'-31, as given in the Annual Reports 
of the Medieal Officer of Health for Edinburgh, show that the very low incidence of scarlet 
fever has been maintained. 

Dick and Dick (1929), summarizing their records, state that among 11,684 immu nized 
persons in mstitutions w'liere scarlet fever was epidemic, no case of scarlet fever occurred, 
and that of 1,191 nurees or Interns immunized before commencing work in fever hospitals 

none contracted the disease. 

In a group of nurses aged 18-25 years, Cruickshank (1936) found the percentage inoi- 
denoe of scarlet fever to be 0*0 in the naturally Dick-negative, 2*8 in nurses Dick-negative 
by immunization, 16 ’*0 in nurses who were positive after immuiiization, and 25*0 in nurses 
who were originally pcmtive but were not immunized. 
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The Treatment of Scarlet Fever. 

Antitoxic Sera.— Ckarhn the dnrntsin't ration tLit a liijli'titDf antitoxin <oruin 
can he obtained by iiiitnmiizmg a lior^e agaiii^jt erytlirf.g^niic toxin tLo qn^^tioii 
of the value of buch uutibera in the treatment of the dkouse in niari. 

It seeni.^ reasonable to siipj-OM'* that a spe* ifie untitoxie s<TUia will an 

effect on tliih^e niuiiifotutioniS of >car]et fever that un* dlre^-tly texk in e^rigiii. 
We might expert a saving i»f life in se^nv toxsemir r,i''i‘Sj a dimiiuition in ^he ra^i 
and a more rapid ^^lbbidence of the fever in the milder type of infection. WLether 
the serum exerts an indirect effect on the bacterial invasion^ by lifting the liiinien 
of toxaemia from the body and thereby improviiig its aiitibaeteriai defences, it is 
difficult to say. 

Figures in regard to death or recovery are m^t easy to obtain because the 
prevalent type of si-ariet fever is mild and the case fatality low. Such figures 
as are available support the view that there is a significant saving of life in severe 
toxa^mic cases when these occur. 

Toyoda and his eoileagues (1929) record 8 deaths in 33 serain-treated cases of severe 
scarlet fever against 15 deaths in 33 untreated eases of the isame order of severity ; and, 
so far as data with regard to death or recoveiy are forthcoming, other recowis are in 
general conformity with these observations. Thus Mersol (1929b during an epidemic of 
scarlet fever in Jugoslavia associated with a high case-fatality rate, records 4 deaths 
among 117 senini-t rented patients (34 per cent.) as against 84 deaths among 377 untreated 
patients (22’3 per cent.). 

In regard to the diminution in severity of the rash, the subsidence of fever, and the 
general alleviation of toxic symptoms, the consensus of opinion clearly sup|>orts the view 
that antiscariatinal serum has a beneficial effect (see Benson and Macdver 1926, Harries 
1927, Discussion 1927, Kinloch and others 1927, Hosier 1927, Lenth© 1927, Eley 1928, 
Scott 1028, Brocker 1928, Friedemami and Deicher 1928, Toyoda and others 1929, Wddee 
and others 1931). It should be noted that Veldee and Ms collaborators, almost alone 
among those who have repoited on IMh |>oint, failed to demonstrate any significant effect 
on the t©mp©»tur© although there was a striking effect on the rash. 
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j/ ^ ,.* i Ii’ -a/ I n-tr' it<"i yatient." and S4 controls, the aUocatioii 

t ; n.. s a * :/" ' t/'^ * : a . .n w a . -Tun: -in. aOs .laahi hAiv^ by alternation of admission, 
llo' dab a ' h. :r / : y ' i ' n ioh an >n-, iv.i' '^tnkmg, that m the control group 

j L...' ^ r aO * I o ie' - ’^rvi'/d .rb‘i Iti^ p-.r cent, as against 0*4 per cent. : otitis 
a I' na. oi *\ , ltd \.* r . '.at, a,^ ardn-.t 7*3 [’or : suppurative otitis, 7*3 per cent, 

ii,- .3 j ,:*]-! b ;w-r . 'mt.. an i - ) ' r. TL<S‘. < jUAplr-atr »r:s that are probably due to toxaemic 
r.rl. r d'i m i:a, ..-h * ]r.. -hawed th^- .sane wide differences — nephritis, 12*2 per cent, 

in tL' rn ■. j un-t p» r '‘ant. in the treated: artiiritis, 6*1 per cent, as against 

» M I ^ r a* nt . F' n.L* I h33, 103?i . abo lias predated striking e%ddence of the efficacy of anti- 
toxin rMdr/Inj: n* 7 eriy tb* do^tk rate, but the incidence of complications. From a 
jarp*', ' /in f'ahy '■* ntrah^d m ries of observation.^ he concludes that the intravenous or 
intr.ijrt lit* 1 / a! udiadibtrat ion vff l(}~*20 ml. <4 antitoxin in a single dose reduces the incidence 
'jf atitis lardf.i by < ne-thu‘d A*n 1 of nephritis by one-seventh. It is notew'orthy that by 
kitrainu^s. ultr anritaxin b* ■. a uid produce no statistically significant reduction in the 
i!A»adcn^-e ai (.4 mpk./iti- .n- ibut s^'c Ilonuldson 1937). Xeukirch, Zahle and Baumgarten 
1 1 943 ), hig Ai;t early in the di-ease to all cases irrespective of the degree of toxsemia, 
raduccii the j« implication rates to a small extent as compared with control cases, hut 
f lUiid that the lauiedt was outweighed by serum sickness, w’hich occurred in 64 per cent, 
of the jwitients. In this ctiuiieAtion it should be noted that Chandler and Hartshorn (1933) 
observed in four scarlet fever patients treated with antitoxin the coincidence of a strepto- 
tMfceal ba':tenrmiia with the oriatt of serum sickness, and suggested that the serum sickness 
might have lentributed to the exacerbation of the infection (see also Burn, Chandler and 
Hartshorn 1934 % 

Siiiiiining up, we may say that there is clear evidence that antitoxic serum has 
a Mgaitiiaiit therapeutic effect on the toxic manifestations of scarlet fever, and 
suggestive evideiice ihut it may — contrary to our a priori expectations — lessen, the 
freqiieiny of those compIicaTions that are due to the invasive action of the 

StreptOi'OCli, 

In practice, it is advisable to give antitoxic serum — ^preferably of the refined 
protein-digested type — to patients nursed in an open ward. In mild cases it 
slioiiiii be injected intramuscmlarly, in severe cases intravenously. Though it 
may protect to some extent against complications, it has no effect once these have 
occurred. It may be noted that some workers prefer convalescent serum in the 
treatment of scarlet fever, on the ground that it probably has antibacterial as 
wcdl as antitoxic properties (see Gordon 1933, Platon, Bwan and Hoyt 1941). 

like Staniardkation of Scarlatinal Antitoxin.— As in the case of all other antisera, 
the standard of reference is an arbitrarily selected sample of serum. It happens 
that the unit of this senim was defined as 10 times the amount that, in the skin- 
neutralmtion test, will protect against the ‘'test dose’’ of toxin; while the 
'' test dose ” is defined as fi%"e '' skin test doses,” and a “ skin test dose ” as the least 
amount of toxin that, in a majority of susceptible persons, gives rise to a local skin 
reaction of not less than 10 mm. in diameter (see Dyer 1928). But there is nothing 
exact or binding about this definition. The Standard American serum was adopted 
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end-point tsee also O’Brien, Okeli and Parish iO’29,. 

In 1930, however, Fraser and Pluminer m'Soribed a lUMth^d of iitiMWj «.' .rl i*i\ n r» xin 
and antitoxin in the skin of ChiiiMhiila rnli'oit' ; and furtUr e\}.'ori 4 .. o "AUh tt..s 
suggests that, with certain modilleatlMiis, it gires re-mks is ;R,'urxp mK* kj>*d 

in the human skin, or by the method of Parbh and Oh li -‘see K' <1 bin 1933, PIuii .no r 
1934, Buttle and Lowdon 1935). Veidee 5 ltl32 * and Malci .Ini an i Wyman , ltC5 * ..iMvol* i 
a similar test, using the ear of the rabbit. Many attempt.s ha\e OMai n:id<^'’ to titr,ib 
the erythrotoxin by a constant-antigen fioceulatloii inethtd aTLil^gMU- t.,* th- ilamcti 
titration of diphtheria toxin. More recently, sucee.-sful 'in ri/ro titration^ < f i n throL^'^ni* 
toxin, tallying tvith those in man and animah, hive been made, u^-ing ^'f texir 

containing over 50,000 skin test doses (Fiane and Wyman 1937, Ikiriiay and rbei 
1941, Hottie and Pappeiiheimer 1941, Proom 1941). 

Convalescent Seram. — The use of convalMsceut .serum in the tnairnnatk i>f .-^earle 
fever has the obvious advantage that to a large extent fceriiiii r^*actions art^ avoided 
(see, for example, Fox 1937). Large-scale tests of pooled ct.tnvaie>eent 
indicate that it may be at least as effective as antitoxin in reducdiig both mortalit’ 
and complication rates (Fox and Hardgrove 1937). Top and Young (1939, 1911* 
who recommend its use in the septic forms of scarlet fewr, fount I that a puiile< 
serum containing 60 antitoxic units per mi, was as effective as a iiurs^-* aiAitoxi 
containing 6000 units per ml., and concluded that eouvaleseeut serum c«wed it 
efficacy to antibacterial as well as to antitoxic antibodies. Moore and Thalhinn 
(1939) tested convalescent sera for antitoxic and antibacterial activittn The ant 
toxin content averaged 3*3 units per ml. The bactericidal power, measured c 
four antigenically different strains of Group A streptococci, when preseii 
to some extent strain-specific. Platou, Dwan and Hoyt (1941) tested the bactei 
cidal power of whole blood, and demonstrated that convalescent Moods ’were mo” 
bactericidal than normal bloods, and that the effect "was independent of antitox' 
immunity. These results support the suggestion of an antibacterial action, 
the action is type-specific, then only pooled poljrvaleiit sera, or type-specific co 
valesoent sera, will be efficacious in the treatment of scarlet fever. 

Chemotherapy. — In the treatment of scarlet fever cases suiplioiiamides appe 
to be of little value except for dealing with complications. It is true that th 
routine use in all patients has been recommended by some workers (Xeukirch d ^ 
1943) ; but there is little evidence to show that they influence the course of t 
disease, and if protection is to be afforded against both early and late eoinplicatio! 
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avf^ratie resistance of the various aiTerte-1 Lave wie^lv 

a-^ to aeeoniit for tlie marked rdiTeno-jo* ;i« ElnlnA 

Wo should not, in sucli a eonooptifsh uf Sfr. ^,,>n 0^"'^ L >;r*'cvne ri.f*' 

t^^rin ■' toxigeiiieky “ too literally. It. L v^-ry 7 >rHf-ahh rh.O zrronk aii-l j 

haps the capacity to iniillipiy frenly in the at the or'iiioil thr-:' > .f i-of 

are at least ec|uaUy involved. The <leTt-'rn::!ihci fj'VMr v;ih i r'> rhr- ,h’hLv ..:,v 
given strain to produce toxin phuLtifuliy ^inl rapihdy in th*^ ..a I "hh h:V' 

many factors that are not concerned in the prorlneiion »^f t ^.xin ]j'V ai. ervnh-?:. 
growing under optimal cultural couditima-i in tj:e hihora^orv. We r- jh ^::e 
fact that the midouhted differences in vinihume isetween tin 
and wltis types of the diphtheria bacillus are ijot clo-^ly j.Mralleh^d hv i. route 1 1 '- 
in toxigenieitv as judged by growth in I'itro. 

It may, perhaps, be added that the studies of Grithth and 
epidemics of haunolytic streptococcal infectiuin parTr^uIarly in -.jyvu^ 

some of the strongest evidence in support of the view that ^-b^^rc e.xLt, within an\ 
given pathogenic bacterial species, particular eiudeiiiie ^train,> *' enrinwe'i with a 
heightened power of spreading naturally among the popular ior. at ri-^kn Refmenee 
to Chapiter 56 will show that this view i> also sup[>ortedi by the re-ults ijbtid’aed 
in experimental epidemics. 

Wentioii has already bem made under ^carLt fwor of th^ < a^iuna! prohunred 
infectivity of convalescent carriers having enlarged unhealthy ton-il<. In some 
of these, throat swabs may fail to detect hjemolytic streptococci. Sir. pjpgenfs 
can usually be isolated from about 50 per cent, of excised toir-ih f Elliott 1939, 
Keogh et al. 19396, Macdonald et al. 1940). Bantz (1911) records figure® of 32*7 
per cent, from the tonsils after removal, but of only 16*4 per cent, from throat 
swabs before tonsillectomy. 

In the prevention of tonsillitis chemoprophi/hris with the sulplioiiamide group 
of drugs is now being tried. Too little information is yet available on w'hich to 
assess the value of this method, but large-scale observations in the United States 
army and navy suggest that streptococcal infections of the upper respiratory tract, 
together with complications such as otitis media, may be considerably reduced 
in incidence by the daily administration of 1 gm. of sulphadiazine (Ilolbrook 1914, 
Coburn 19446). The conditions under which these trials were made, however, 
were not altogether satisfactory, and the experience so far gained in this country 
is not reassuring. Reports on the use of sulphon amides in th^^ treatment of acute 
tonsillitis are conflicting, but no striking benefit seems to result from their adminis- 
tration. The response to penicillin, both clinically and baeteriologiealiy, is said 
to be rapid, but relapse is common unless treatment is maintained for at least 
6 days ; even so, complications cannot be entirely prevented (Plummer ei a!. 1943). 

Erysipelas 

This classical example of acute streptococcal infection may, for our present 
purposes, be shortly dismissed. As an experimental disease it has been discussed 
in some detail in Chapter 53, in connection with the genera! problem of local 
immunity. There is evidence (see for example, Keefer and Spink 1936) tiiat in 
some cases the attack is preceded by an infection of the throat or upper respiratory 
tract, and it is noteworthy that in 10 of 37 patients with erysipelas, de Waal (1941) 
found the same tjrpe of Str, pyogenes in the skin lesion and in the throat ; but 
it is not clear whether the streptococcus, if it is the cause of the erysipelas, reaches 
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and sets up ^rauiuatic erpipelas, or by an iiitemal route, and 
. - an appareBtly “ Mf'- : uthic erysipelas. 

interest o£ ery^ip'^ In*, in relation to tbe qu-stion of streptococcal immunity 
in uf‘iieral and searl rln:.! inununity in particular, lies in tbe well-attested fact 
that a sinsrle attain u" ^ lu ili'case confers no protertiori against subsequent infection ; 
indeed, sni:,e pu- to po^s^^ss a marked predisposition to tie disease, and 

suff»u fnct; ' 'i! V tbrou^rnout tlieir Iive^ — usually in tlie same skin area. 

tLL- respect, between erydpelusand scarlet feTer, suggests 
uL ! "Li dif renu in tie ineebanism of infection and resistance, and it would 
it.L'i* t»' accept, as a purely provisional bxypotbesis, tbe view" that the 
mnn.nv- in.u. unity, W'hkdi is the essential factor in resistance to scarlet fever, is 
r-f c. ■ nc* fLctivc a? a protection against tfce invasion of the skin by Str.pijogenes, 
nL*k is tLe essential feature of erysipelas. 

lid" fh-'C- nrtt of r* curse involve the \ 2 ew' that the erythrogenic toxin plays no 
: i:* k. ^ rv-ip*^Ias : iiicleecl, there are several reasons for believing that it may be 
r* did"* for certain features of the disease |see Okell 1932). It means only that 
a d^^gree sjf antitrade imniuiiity that will protect against scarlet fever wdl! not protect 
(CMin.-t aii erysipelatous inh*etion of the skin. 

Puerperal Fever 

ill di**cu>si!tg the problem of puerperal infectloii it lias become customary, among 
tli«o'e who are fuiicerm*^! with this problem from the eiiiiicai aspect, to adopt some 
arbitrary standard of pyrexia and to include in the febrile category all cases which 
>le>w a rhe in teiiipeniture beyond this limit of duration. Such a classification, 
liow’ever useful it may lie from the clinieal point of view, can have little relation to 
a»tiologit*al factors : and it is probable that the milder degrees of puerperal pyrexia 
inclmie a miscellany of bacterial infections, which cannot, at the moment, be 
classified on any laictcriologieal Lasi^t. 

As a cause cjf puerperal septicamiia, however, there can be no doubt that the 
ha-niolytie streptococems hold- a pre-eminent position (London and N. England 
Committee 1925, Fitzgibbon and Bigger 1925 , Colebrook, L., 1926 , Kinloch et al. 
1928, Colebrook, liora t 1935. and others). Colebrook, D. C. ( 1935 ), for instance, in 
reviewing the results recauded by various "workers, notes that among the fatal cases 
of puerperal fever the proportion due to infection with haemolytic streptococci 
varied from 68 to 9^1 jier cent. The majority of these streptococci belong to 
Croup A, though a small proportion of puerperal infections are associated with 
Groups B, C. I) and G, and very rarely, some of the remaining groups (Lancefield 
and Hare 1935. Gardner 1939, Chatterjee and Mitter 1941 ). Infection hy haemolytic 
streptococci other than Group A is not usually severe, though among these milder 
infections a number of authors have noted severe and sometimes fatal cases of 
septicemia, often associated with infective endocarditis, following puerperal or 
pt>st-abcirtioji infection by streptococci of Groups B, G and rarely 0 (Colebrook 
and Purdie 1937, Fry 1938, Macdonald 1939 , Hill and Butler 1940 , Rosenthal 
and Stone 1940, Ramsay and Gillespie 1941 ). 

Since the severe iufectiosis are due to Str. pgogems, we must consider the part played 
by the erythrc^enic toxin in the genesis of the infection, and by antitoxic immunity in 
xesistanoe to it. If an antitoxic immunity of this type conferred any increased r^istance 
to puerj»ul infeetlon with haemolytic streptococci we might reasonably hope to induce 
ft significxiit decrease in iikateriMil mO’rtality by antitoxic immunization, carri^ out during 
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pn-inancy. In view, however, ef oiir k'''.' *v,I‘ j 

antiljact^-'rial immunity, we --hoal"-! ^‘x:a *■ i*- ,T.kv “ j v m 

to afford any significant preteetien an .an f 

leading to septicamia ; and the facts are in ' i nkh ' nr ' - 

CVileltrook and others (l!l30y Steut iP3o' andBiki ir 'm' ‘r k h«’n mk iv 
that severe puerperal infeetioikS ur^ jn^r as >0 Ii, n /.a n 'm ,tn > m. j n 

as in those who react positively. iMrrfa'wer, Ivr.ry a::i 1 i* Ir ■■ k L 
none of 19 women who were Diok-po-itivt- In tho eiriy aj-> ff ?. e ro - iw' 

I)iek-nf‘gative as a rc^sult of that inf-iriun. f'loarly t n t" -n- n* 

^reiiie toxin from the ledoiis in the gt-iiit*! tra.t. rje ^ n^-ad a. ^ .y tir >/' 
paiiied by a scarlatinifurm rash, and it is not*-w»rt]iy thit in ta • ■ : -j, w 
iVilehrook found a powerful erytiirogf-me tosiii In tlv* I'pun mi ,1 in. t. 

It does not of course follow that the other t« xins jir.rhn m by L.mi:- >?, r, -c . ,■ 
the h«moh"sin, leucocidin and so on Nee Chapkr 24j an 1 the ^ orrt-i'*' 'i.dum nnt.b'ti'. *, 
play no feignifieant part in puerperal infeUiuii ; bat it my he rii,r dco oidn e 

of evidence at present available is in favour of the V;ew thti* tho dt - bjv«' f i< "*-r *:i .rt.i k 

is the invasiveness of the organism, and that dfftxte** d*‘pcn-N, I 14 th" w o'u, t.o ;?! 'tori- 

bacterial immunity that is type-speeifir*. WV shall T>‘Tnrn to this ou» -d'-.u ix ivdati )!i to 
propliylaxis and treatment. 

Sources of Infection. — The mo'^t important rpiesth'/ii fnm ttih ym.r nf vh‘W 
is as to whether the majority of puerperal infeetion^ wdtL Lv:u/lyrl'. :*^r‘gdMr' / '>1 
are intrinsic or extrinsic. The.se terms are usually employed t ^ > differe! fdate hetwetui 
those cases in which the htemohffic streptococcus is presetit in fenale 
passages before labour, and those in which it is intn'Hlueed from witlAOut durir.g 
labour or the puerperium. The problem at i-sue therefore narrow.- tlowii to the 
presence or absence of the hcemolytie streptococcus in the cereix or vagina »liini.*g tiio 
later periods of pregnancy. If it is frequently present undor norinai 
we should lay particular stress on host susceptibility, ujid on the ext**iit of ti^^ue 
injury during labour, as factors determining the oecurreiu-e of puerperal ft*VL*r : 
if it is usually absent, we should regard infection from without as the es.scntial 
factor, and stress the vital importance of asepsis and antisepsis iu handling maternity 
cases. 

Fromme (1908) found streptococci in the vaginal secretions of 46 of 13tj pregnant 
women, but none was hsemolytic. On the other hand he cultivated hteiaolytlc streptococci 
from almost every case of severe infection during the puerporium. Liidke and Pcjlano 
(1909) found no hsemolytic streptococci in 30 cases during a normal piierporiiim. Kan ter 
and Pilot (1924) examined 96 cases during pregnancy, and found hsemolytic streptococei 
in one case only, Lockhart (1925) in a careful study of 100 cases, during wMcli swabs 
w^ere taken before and after labour, found haemolytic streptococci in one case only before 
labour occurred, though streptococci of other types were frequent. One other case showed 
the presence of this organism in a sw^ab taken immediately after labour ; and in four other 
cases, in each of which a single swab before labour and two taken in the first few days 
of the puerperium were negative, a copious growth of hsemolytic streptococei was obtained 
from a third swab, taken immediately the temperature began to rise. Taylor and Wright 
(1930) isolated 32 strains of hsemolytic streptococci from vaginal swabs taken from 1,123 
pregnant women hximediately after labour ; only 18 (1*6 per cent.) could be classified 
as Sir, pyogenes on the basis of fermentation reactions. 

It may then be stated with some confidence that hsemolytic streptococci are- 
very infrequent in the genital passages during pregnancy, being present in some- 
thing under 3 per cent, of cases. In the early days of the puerperium they are 
rather more frequent, being found in about 5 to 6 per cent, of all cases (see Hare 
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. .f the :Iji>ervation of these cases showed that those women who were 
2; iisemolytic streptococci in their genital passages before labour were 
particularly liable to suffer from puerperal fever the hypothesis of intrinsic infection 
would receive stroiig support j but this is not so. There is general agreement that 
the great maiority of tliem pass through a perfectly normal puerperium and that 
this is also tme of a high proportion of those women from whose genital passages 
hemolytic streptococci are isolated during the puerperium itself. The reason 
for the\ariiilessiies3 of these streptococci is clear. Few of them are Sir. pyogenes. 

Hare and Colebrook (1934), for example, found only 2 of 52 strains to be Sir, pyogenes 
according to fermentation reactions ; about half gave the reactions of Sir, agalactim 
(Chapter'^ 24). Lancefield and Hare (1935) found one Group A strain among 65 vaginal 
strains isolated during an afebrile puerperium, and none among 13 strains isolated before 

labour. 

It may be added that Colebrook, Maxted and Johns (1935) failed to detect Sir, 
on the |>eririeal or peri-anal skin of 160 women attending an antenatal depart- 
ment, and that Hare and Maxted (1935) failed to isolate gyogenes from the fseces of 100 
nomial women during the first stage of labour. 

There can then be very little doubt that Sir. pyogenes is not a very frequent in- 
hut dtant of the normal genital passages either before or after labour. In Lancefield 
and Hare’s series, for instance, the 13 strains of hsemoljrtic streptococci isolated 
L^^fore labour were obtained as the result of swabbing 855 women, and none of 
them was Sir, pyogenes. The hypothesis of intrinsic puerperal infection receives 
very little support from such studies as these. 

If we accept the view that infection is usually extrinsic in origin it is clearly 
of importance to determine its source. An obvious working hypothesis is that the 
htemolytic streptococci are derived from those in attendance on the patient, or 
at least in her immediate entourage. Until recent years it was extremely difficult 
to test this hypothesis bj" observation. The normal carrier rates quoted earlier 
in this chapter will show that, if 5 to 10 persons have come into contact with a 
patient during labour in the early days of the puerperium, there is a very good 
chance of one or other of them carrying a hsemolytic streptococcus in the throat. 
It would be quite unjustifiable to assume on such a basis that the carrier in question 
had infected any particular case of puerperal fever. 

The division of Sir. pyogenes into 40 or more distinct serological types has, how- 
ever, entirely altered the position. 

Taking an average figure of 6 per cent, for the normal carrier rate of Sir, pyogenes 
in the throat (see above), we should expect about one person in seventeen who came 
into contect with a parturient woman to be a possible source of danger. But if 
this person may be harbouring any one of the 40 or more different 'types, and the 
patient may also be suffering from infection with any one of these types, the odds 
against the type isolated from the contact being identical with the type isolated 
from the patient become very high indeed, unless the patient has derived her 
infection from the contact, or luoe versa. We cannot multiply 40 by 40 to get the 
exact odds, because that would assume that the carrier rate for each type of strepto- 
coccus was equal, which hi almost certainly not the case ; but the odds are certainly 
high enough for an established identity of type to be significant. 

Two aeries of observations are on record in which this method has been applied, 
using the technique of agglutination and agglutinin absorption for the antigenic 
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aiialv-^Ls of tlie strain^ isoLite<l. I'<jL \\ ./ol - t ,, *:uV, h:. VV 

lit 41^ f‘asf‘S of puerperal fever ^ v;'/. ,,, ' .vi- *v .Ir 

witli that rierived from the parieL* ei,-, 1 ,- ^ .-’.m ^ v * “h- i‘ ; *r v--.- 

the liihiwife, or doctor, or s^rne otle^r a 1 1 e -v * ae -m"*' . *• > v. : / 

rarely, in the throat or nose of oaf lev*- h-V"'/'. J.i '^vhv/^ - *4- .p^'-r 

event occurred in S eases as oppa.e-'d to h! :i v-ih. h a ' ' / * - * e. .. t v, , ^ . 

Miiirce of infection. 

Dora Colebrook {10o5| has rceorilesl a verv caT^-fni anti *hTo4-l p ; v; ’ j 
similar lines, involving the exaniiimtiMa c,;; p of i i*rn'''rcl le'v i nP *■; 
contacts. In 3S*1 per cent, of these a Lvenv'y^ic antip^in’ .lilv 

identical with that derived from the hlood or ut*‘rh.*- of pto m Vo-< 

also isolated from the patient's throat or iio>e. In oTd U‘T pp , of Ue* ^ » .* 

strain antigenicaliy identical with that cau.dip the iiPe'ri-n p pv-tP ->vo- 

isolated from the throat or nose of one or more pr^r>o!,^ in C(c with Th»- : ,ph'iP. 
In a proportion of these eases 122*2 per eent.,i both :•at;enr .uv-l a ^/TPic ♦ vere 
carrying a strain identical with the infecting srraim Thas h. 73 per e^nP. of t:;e 
cases a strain identical with the infecting strain was isolated eif-her fro.M a ^ntd, t 
or from a patient or from both. 

We may conclude that, in a very high proportion of cawv tlm proh-abie 

source of uterine infection with Sir, p//o^c/ow daring labour .mtl tl c i- 

from the throat or nose of some person in contact with the jcithoit, or fr-jia the 
throat or nose of the patient herself. We mu^t rcganl this transfer fr^en t4it-:de 
sources to the genital passages as probable rather than certain, be^Miise c.tnujt 
exclude the possibility that transfer sometimes occurs in the rt‘ven>e direct 

In regard to the inode of transference an observation of Coleijrcjok, l^faxted and J oiins 
(1935) is of considerable interest. They were able to Isolate Sin j)ffrig^ncs from the skin 
of the hand in 7 of 181 normal persons (3*8 per cent.). Of 24H iiornial ptn-ons Hare ? 194! ) 
found only one (0-4 per cent.) to be carrying Group A streptococci, and our colleague, 
Dr. R. E. 0. Williams, only 4 (0*5 per cent.) of 875 jxrrsons. Taking the normal carrier 
rate in the throat as about 6 per cent., and regarding tMs as the mo^t probable simrve of 
hzBinolytic streptococci found on the hands, an obvious alternative is provided to direct 
droplet infection. 

Prophylaxis- — If an effective method of active immunization w*ere available the 
conditions for applying it would be peculiarly favourable, siiice we should be pro- 
tecting against a risk occurring at a predictable time, with several months at our 
disposal during which immunity could be induced. Unfortunately no siicli method 
is at our disposal, nor is the immediate outlook hopeful. An antitoxic immunity, 
if effective, in this disease, would confer protection against all types of Sin pijogems, 
since all form the same toxins. As we have seen, however, there is no evidence 
that such an immunity confers resistance against the invasive powers of the strepto- 
coccus. Such antibacterial immunity as we can induce by the injection of a bac- 
terial vaccine, as Stamp (1936) has shown experimentally^, will be type-specific, 
and it would therefore be necessary to include in our vaccine all the antigenic 
types that are responsible for puerperal infection. When we know nrore than 
we do now in regard to the actual frequency of these various tyq>es in puerperal 
fever it may be possible to prepare a vaccine that will protect against the types 
that are most often met with ; but our present data contain no indications that 
any particular type, or any small group of types, will be found to cover a large 
proportion of cases. 
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111 the absence of an effective measure of active immunization we are forced to 
rely, in the main, on methods designed to prevent Sir. jvjogenes gaining access to 
the genital passages of parturient women by droplets, dust-particles (see White 
1936) and by the numerous possible methods of direct and indirect contact. Some 
of the lines along which such methods should be developed are sufficiently obvious 
from the observations outlined in this chapter. For further details see E.eporfc 
(1944). 

Reference may be made to Chapter 54 for a description of the attempts that 
have been made to increase the general resistance of pregnant women by adding 
Vitamin A to the diet. 

Serum Treatment. — It is obvious tliat the factors that apply in prophylactic 
active iiiimiinizatioii apply als-o to passive immunization in an established case by 
the injection of a specific antiserum. We should not expect that an antiscarlatinal 
serum, the priiifhpal effect of which is to neutralize the erythrogenic toxin, would 
confer any appreciable benefft, and in fact it does not do so. Xor is there any 
iiiuiiimological reason to suppose that any of the ordinary antistreptococcal sera on 
the marhet will prove eileetive. We cannot, of course, exclude the possibility that 
antili 3 “!iiulysin, aiitiieucocklin, or antifibrlnolysin, may exert some beneficial effect ; 
!>ut we have no evidence that they will protect against the invasive action of Str. 

nor are the ordinary antisera standardized as to their content in these 
antibodies. If we desire an antibacterial effect we must ensure that the antibody 
in serum corresponds to the surface antigen of our infecting bacterium, as we 
do in the treatment of lobar pneumonia (see Chapter 74) ; and this we cannot 
do. The results of adequate clinical trials are as unsatisfactory as these considera- 
tions would lead us to expect (see Colebrook, L., 1935, Kenny and Colebrook, L. 
1937). 

At present, then, there is no method of serum treatment in puerperal fever that 
is fouiiiled on a scientific basis. When we have at our disposal type-specific anti- 
bacterial sera, can ascertain the type of the infecting streptococcus, and select the 
corresponding antiserum for treatment, we shall be in a position to carry out clinical 
trials with some hope of success. 

The Role of Anaerobic Streptococci in Puerperal Fever. — Although we are con- 
cerned in this chapter with diseases caused by haemolytic streptococci, it will be 
eonveiiient to complete our sunmiary of the bacteriological aspects of puerperal 
fever by a brief discussion of the part played by other organisms. 

So far as severe and fatal infections are concerned, the organisms most frequently 
isolated, apart from Str. pgogenes^ are the anaerobic streptococci described in 
Chapter 24. 

Colebrook and Hare (1933), for instance, record that, among 100 positive blood 
cultures from a series of unselected cases of severe puerperal infections 60 yielded 
Str. 38 anaerobic streptococci, and 2 both types of organism. Although 

the case fatality of the bactersemic t 3 rpe of puerperal fever due to anaerobic strepto- 
cocci is high— about 40 per cent. (Colebrook, L., 1930) — ^the infections are of a less 
fulminating type than those due to Sir. pyogmes. It seems probable, in view of 
the figures given above for the observed proportions of Str, pyogenes infections in 
different samples of fatal cases of puerperal infection, that the frequency of anaerobic 
streptococcal infections observed by Colebrook and Hare at Queen Charlotte’s 
Hospital will prove to be rather above the average figure ; but that these organisms 
mnk second only to Str. pyoge?ies as a bacterial cause of maternal mortality there 
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viin l>e no qiieritiuii. A puiiA :ii+- re.-t ' n. i > 

tiiat mixed infeetioiis are relatively r . a - ^ ■ r ^ )n ido;:- : v ^ « t' n / m' -e:' ' 
streptococvi being isolated from tbe ii. -r f r b' s , v‘ ^y . , Tie- 

occurreiiee of tbe^e Biixvd infodioiir^ 1ms a..' ^ rv-ii iy d'e;-' . 

Tlie epidemiulogy of tliese aiiaerolir •' a i: ided ■: ^ y ,ri an ^v'aj 

contrast to that of puerperal fever eaiiseJ ny S%\ y.f a F V :.«■ ; .‘'V -L va 
liiuiiy observers (see Xatvig 1900, Weu»‘iius IA'9. K.,-l{ov.^bv labj. md 

Brown 1932, White 1933) that anaerobic strep'*‘mj^vr'j i vart <)f : :j a. ir: i. :'• c i 
of the female genital tract ; and the ol^-vi-rvutioim \\ ied^ ' dc>:;' d‘ d 

may be their principal natural habitat. In this «'use tberef -re riv'-re * iU b*^ 
doubt that puerperal infection is largely iritrins:''o .r < uher re Art]: e- In i *!i 
to aiiaero])ic streptococci and their rule in puerj^erul b^ver. -ee 24. 

Other Types of Puerperal Infection. — It remains to add that a few murr Lhv>‘ 
been reported in ’W'hich a fatal pysemic infection due tu has d^'V*dy.*^d 

during the puerperiiim ; but these are rarities. 

In regard to the less severe and fatal types of puerperal iiubity-n, vhj>h an f >r the 
must part localized to the pelvis, a variety uf bacteria iiiriy be res 2 ^.j!irible. Many 
are due to a localized infection vith Bad. colE and these arc mn hifrviiierViy d5’-nritt».4 
with an infection of the urinat}" tract. Another group of cases are due t* > pelvt* ivA'c »n« 
with the gonococcus ; and another group, especially after abortion, to infuftiuris with 
CL welchii (see Butler 1941). 

Other Infections due to Haemolytic Streptococci. 

Cellulitis and other forms of suppuration due to Sir. are discus^f-d in 

Chapter 67, the part played by this organism in acute respiratory infection^ 
considered in Chapter 74, and its relation to acute rheumatisiii in Chapter 63. 

The Use of Specific Antisera in Infections with Str. pyogenes other than Scarlet 
Fever and Puerperal Fever. 

The considerations outlined above in the discussion of the use of antistreptococeal 
sera in the treatment of puerperal fever clearly apply to all other iiifectiuns with 
Str. pyogenes. With the single exception of scarlet fever, and the usefulness in 
that disease of a serum containing the specific antitoxin that neutralizes the erythro- 
genic toxin, there is no immunological evidence that any of the available antisera 
is likely to exert a specific curative effect. 

Chemotherapy in Infections with Str. pyogenes. 

It has already been mentioned that sulphonamide therapy finds little place 
in scarlet fever apart from the treatment of complications. The same holds true 
of tonsillitis, though there is a suggestion that they may be of use in this disease 
(see Freis 1944). It should, however, be used at the first sign of invasion of other 
tissues than the nasopharynx. Sulphonamides, particularly sulphapyridine and 
sulphadiazine, are of proved value in the treatment of erysipelas, cellulitis and 
particularly puerperal sepsis of streptococcal origin. It is too early yet to say what 
part penicillin will play in future in the routine therapy of the diseases considered 
in this chapter ; but already it has established itself as a potent means of combating 
streptococcal septicaemia. 
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CHAPTER C7 


PYO^tEXIC AM) \V«'>rXD INFECTIONS 

\Vl l.av ill 'itk-r witL many diseases which are associated with 

at'uti* ’T^ilaniiutxry i.r S’lnjrarative conditions in various parts of the body. There 
rt'juaii. a LiiaJi'-r of irifectioiift which are characterized by the local formation of 
T:us, f'V a 'i'R*ad'.Kt: iniiaiiiiua+itrv reaction, associated with the formation of a 
p>.iri;’e'3.t t-xmLiir. fv Ly a ?-epticteuiic or pyamcic invasion of the blood stream. 

of .v-iue of the more important of these conditions is briefly 
dj'(iN-.‘ i in the ehapter. It should be emphasized that the separation 

i.r i'.t.'NTiJ ixifei or of the bacteria which cause them, into pyogenic and 
in i'ri>a[<s is largely arbitrary, and depends on the observation of the 

relative irequeney of frankly suppurative lesions, among all those reactions which 
t< vet her chamiterize the as.sociation between a particular bacterial parasite and 
a particular animal hu't, the host species usually being man. It is qmte easy 
to seie't ^oIue bacterial species, such as Sta-ph. aureus or Sir. pyogenes, as 
frankly pyogenic, and some others, such as Myco. lepra, C. diphtheria, or Cl. telani 
as mm-pyugcnic, in the usual sense ; but there are very many pathogenic bacteria 
which cannot le assigned definitely to one class or the other. The reaction of 
acute intlammaflon, associated with the formation of a serous, or sero-fibrinous 
exudate, and with the diapedesis and accumulation of polymorphonuclear cells, 
is a fundamental defence mechanism, which is brought into play in response to 
a great variety of stimuli ; and there are few bacterial species which are not 
pyogenic, in the sense that their presence may call forth this particular reaction 
in certain situations, and in certain circumstances. The characteristic reaction 
to the tubercle bacillus, fur instance, takes the form of a non-suppurative granuloma, 
with giant cell formation and caseation ; but in the pleural cavity, in the meninges, 
or in the urinary bladder, the same bacillus may cause the formation of an in- 
flammatory exudate containing a considerable proportion of polymorphonuclear 
cells. Similarly, the tj-phoid bacillus is not, in the usual sense, a pyogenic organism ; 
but it may cause a suppurative cholecystitis. All we can do, in discussing pyogenic 
infections in general, is to indicate in a few instances the bacteria which are most 
commonly associated with these conditions. 

Septicaemia. . 

Bacteremia, in the sense of the mere presence of bacteria in the blood stream, 
has been dea*ribed in several earlier chapters. Septicsemia is here used as a designa- 
tion for a clinical syndrome associated with a severe bactersemic infection. We may 
note that, among those organisms which tend to produce pyogenic lesions terminating 
in a fatal septicsemia, Str. pyogerm is by far the most important. The pneumococcus, 
belonging to the same genus, is a frequent cause of the same type of infection, either 
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invading tlie blood htreain direotly iroini tbo inns, or fruin .'liiir'Urafi v'o 

fuc'L as an empyema. SSq.Ji, may T^rodu^'C a |air»n'v ■ infriaioi], 

following a localized infectioiij or aix IvniTshaLLhl-. hn^ of 

a stapiiylococoal iiifection more cunimuniy takes tk»* fjrn. b p, 

foliowing section. The ocrurrenre of a transi^orv ban.-i-Ci oi kv 

streptococci of the virkluns type inrnses of rjral -eo'b wik o- 1 t.j tb,,ra.-r 

68 (p. 1515 ). Attention may be drawn to tl.e o>C’‘nrnnM‘H ^vnnk^vki dn^ to 
the noti-sporiug anaerobe Ftis^fwmis fH's^/nrfrA, TLir type nirti’nkriv iAMt 
to follow anginal infections, tLoiigb it .-ometf.me-. omar- ader ,rp:..'C; A >b ^ -r 
endometritis (see Chapter 79). Septiciemict dine fu am»mubi«* Prept».-^A nb-j 
occurs. Infections by aiifcrobic bacterkt an- linfA- lit* .vln-.i 

diagnostic culture of the blood is seldom n.adm ana r'/ld^vdly ; an-! in tL- 
way infections with bacteria that need an t-X'^os.-s of carfi^n diboii'h- fm 
(Chapter 3) will not be discovered unless a sample of ICjod iV 'M/dvr-ei in air 
containing 5-10 per cent. CO^ (see Khairut 194uj. 

The great majority of bacteria which produce ^suppurativ*- md *».- i inj uii 
occasion give rise to a secondary septiciPinia ; and in akiio-r all fatal ea<.»s of this 
tjtpe such an invasion of the blood stream ocnira during ti.e terndu.d r-toit-,- (.»f 
the disease. Thus a septiesemia occurs during the later siuise' of ineningos til 
meningitisj in eases of acute peritonitis, in rare <*a.-es of ii'^nte u«‘a*u‘ iiJe' tjkjii^ 
and so on. It is sometimes asserted that in septieteniia organisms ar»; inultiphiiiu 
in the blood, while in bacteraenua they are derived from infect^^d ti^.-ues, binii 
a distinction clearly cannot be drawn from the results of blood culture ; it re,?tH 
indeed on dubious clinical inference. The observation that a large and rapid 
increase in the number of circulating bacteria sometimes rakes place Jii-'t before 
death suggests multiplication in the blood stream; but with this exct‘ptiuii, the 
septicaemic phase of any bacterial infection is probably the expression of a rapid 
and continuous invasion of the blood stream from the tissues, either from a single 
focus which is active and extensive, or from the multiple fuel wliieli have been 
established earlier in the disease. In the frankly suppurative disea^o, in which 
the primary or secondary foci are accessible to surgical interferencHs the results 
of adequate drainage testify to the efficiency of the clearing mecLaidsm of the 
blood stream, if continuous re-invasion can be prevented. 

Pysemia* 

This term is employed clinically to designate a type of generalization the 
mechanism of which difiers, to some extent, from that referred to above. In 
some bacterial infections, and particularly in the more severe forms of inieetioa 
with Staph, aureus^ such as acute osteomyelitis, metastatic abscesses may occur 
in such situations as the kidney, the brain, or the myocardium. In rare cases 
of appendicitis, or of other suppurative lesions in the abdominal cavity, multiple 
abscesses may occur in the liver, in direct relation to the portal vein — a condition 
known as ‘‘ portal pysemia,’^ and usually due to infection with Bad. mil In 
either case the dissemination appears to depend on the occurrence of a suppurative 
phlebitis at the site of the primary lesion. This extends directly as a progressive 
thrombosis ; and particles of the infected thrombus, becoming detached, are 
carried by the blood stream until they reach some situation in which the anatomy 
of the blood vessels determines their impaction, where they give rise to secondary 
abscesses. 
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Staplijlococcal Inleclions oi the Skin and Subcutaneous Tissues. 

Many uf tlie leshju^ uf tie .4:in are caused by stapliylococci. 

Tlie milder -ucL us are usually associated witb a wMte 

staplivlueoccu^i CLupter 2-"i). The more severe forms, such as boils or 
carbuiirh^s^ ui^-^ ,uiaU st. .uways due to Staph, avrens. It may be noted that, in the 
acne ',\Lite -^aphyh ^c^-ecus i- usually accompanied by the acne bacillus, 

wliieh Floudii'j ‘IF 6' regards as the primary mtiological agent of the disease. 
Fur t!,e of a*‘ne bacillus in the presence of staphylococci penicillin is 

Full tu b- Yuhie [Craddock lti42}. 

Iniectu^n of the ^'ebaceous fuilk'lesin acne, and of the hair-follicles in superficial 
bcib, upj-eur-: to take place directly from the skin, without trauma. A more 
seritus lypi^ ri stajhyiococcal infection sometimes follows an insignificant trau- 
n.atle iiife- whh a virulent strain of Staph, aureus, taking the form of a rapidly 
Fpreadiimr lymphangitis, with involvement of the regional lymph glands, and often 
a- an acute soptica-mia. Staph, aureus may also give rise to suppur- 
uti\e ma-titis in nursing inother- and to a form of pemphigus neonatorum in 
iiifunts : brt.h di^ea-cs may at timiv a-sunie epidemic proportions in maternity 
homes (f^'C E-litorial 1936, Elliott, Gille-pie and Holland 1941, Henderson 1943). 

Botriomycosis.— Ill the past the term botriomyeosis has been limited mainly 
to u di'Vu>e of Lor-^*s ehuracterized by the occurrence of chronic abscesses in the 
skin, siibiiitaiiCuus thsue, udder, spermatic cord, and less often the \uscera. Of 
re I L'Ut y4%''iTs. however, a disease of cattle and swine referred to as actinomycosis 
of tin* ud'lor, lias attracted considerable attention (see Magnusson 1928, Albiston 

f' . Ba«‘’"eTi«jlogicai study has rendered it clear that both the disease in the horse 
and the udd^T disease in cattle and swine are caused by Staph, aureus. There is 
therefore no longer ui.y justiiication for caUing two aetiologically identical diseases 
by diftVrent names, particularly since the term actinomycosis is applied to a disease 
of i*!itirely dilTcrcnt origin. "We propose to use the term botriomycosis to cover all 
chronic granulomatous infeetiuns in animals due to Staph, aureus. A word of 
1 ‘uutiuii, however, is necessary. In swine, though not in cattle, true actinomycosis 
of the udder, due to infection with A^iinomyces hovis or a closely related organism, 
dui^s occur, and the tlifiereiitki diagnosis between this condition and botriomycosis 
has to be made l^y pathological and bacteriological methods. Again, Stapli. aureus 
not infrequently gives rise in cows to an acute mastitis ; this disease must not be 
referred to as Ifotrioiiiycosis. 

In the horse the abscesses are single or multiple, have thick fibrous walls, and 
are lialde to break down with the production of sinuses and fistulse containing a 
gelatinous discharge. On section, the interior of the abscess is seen to consist 
of soft iKides of granulation tissue situated in a network of fibrous strands. Em- 
bedded ill the graiiuktion tissue are small yellowish-white granules about the size 
of a grain of sand. These consist of grape or mulberry-like clusters of Gram-positive 
micrococci surrounded by a zoogloeal substance. The granules are sometimes 
referred to as Bollinger’s granules, and the organism has been called M. ascoformans, 
though there is little doubt that it is in fact Staph, aurms. A similar picture is seen 
in mammary botrioinyeosis of swine. In cattle, however, the colonies are sur- 
roimded by definite clubs instead of by an undiflferentiated mass, and thus bear a 
close resemblance to true actinomycosis. In all three animals the disease may be 
reprcMiuced by experimental inoculation of Staph, aurms under suitable conditions. 
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Streptococcal Infections of tlie Skin and Subcnlaneous Tissnes* 

Erysipelas, an acute spreadir 2 f f rLe u-rin'-,, i re i 

in Ciiapters 53 and 66. 

Impetigo cojilagiosa, a cnntaqioiis a^i-1 ' 'f 

superficial layers of tlic- skin ckaracteriz^' 1 by ’■/*■ -b b.ri‘ n I ■* 

by weeping scabbed lesion^, is usually tLou^d.t to b*’ '‘unn-r 'sl b. lb^e 

evidence, liowever, in favour of tlis view in^t ^'nv’ivbi-n Cvn-L"- 

shank (1941) examined 23 cases, and Group A L 'U.m’.vv-' -inoyD.v. i 

from 15 and Staph, aureus from H of them. quo n '1913., wb > 

made 23C cultures from 130 cases, found that 97 per of t lo'rn yhdh 1 -MoLv.t 
cocci and 32 per cent. Sir. pyogenes. Staptodocoeci were pic'^out wbu‘'‘':t vi'^po . 
cocci in 67 per cent, of cultures, and Sir. pyogenes without 't ip!.ylu.-'oe; in ^ niv 
2 per cent. Tlie longer the disease lasted, the higher voxs tl.c* pr-^nofion yhe Ihn 
streptococci, suggesting that these organisms were secoi.Jary ii.vrahus. In a 
later series of 50 cases, Staph, aureus was isolated from every pari^uxt, and S'**. 
pyogenes from only 7 (Bigger and Hodgson 1914). Diese author^ cviicludc- tlnat 
impetigo is primarily a staphylococcal infection. 

Cellulitis is an acute spreading infection of the subcuteu.eous charar- 

terized by the formation of a sero-purulent, often bioo«l-staIned exiidattn with 
no evidence of localization. Bapid lymphatic spread, and septicrcniic irerieraliza- 
tion, are far more frequent than in the case of the localized staphylociH'cai infec- 
tions. In very acute infections, such as those which may foli.jw p«j-t-riir*rtem 
wounds, the local manifestations may be minimal, the spread beinff so rapid that 
an acutely fatal septicasmia dominates the clinical picture from the first. In tlie-e 
conditions the streptococcus concerned is almost alwuiys Sir. pyogenes. 

It may be noted that a comparison of the modal types of staphylococcal and 
streptococcal infection affords an excellent example of the importance of differ- 
ences in the biological characters of bacteria, in determining the type of lesion 
which they produce when they gain access to the tissues. 

Mastitis in Cattle. — This important disease can only be touched on briefly here. 
Those seeking further information are referred to the monograph by Steck (1930) 
and to the series of papers by Minett and his colleagues in this country (Minett, 
Stableforth, and Edwards 1929, 1930, 1932, 1933, Minett and Stableforth 1931, 
Minett 1932, 1935, 1936, 1937, Stableforth 1930, 1932, Edwards 1932, 1933, 1934, 
1938, Stableforth, Edwards, and Mnett 1935, Beport 1941, Watts, 1941, Discussion, 
1942), to Kiimmer and Haupt (1930) and Beelemann (1932) in Germany, to Rose!! 
(1933) in Canada, to Hucker, Heed and Savage (1937) in the United States, and to 
Stewart (1937) and Bull, Murnane, Munch-Petersen and MacLean (1940) in Australia. 

The disease is very prevalent among milch cows both in Europe and in the 
United States (see Brigham et al. 1929, Hucker et al. 1932), and constitutes one of 
the most serious economic problems confronting the dairy farmer. It is moreover 
of some public health importance, since occasionally streptococci of a type pathO“ 
genic for human beings may be excreted in the mlik and give rise to scarlet fever or 
septic sore throat in those consuming it in the raw condition (see Chapter 93). 

The bacteriology of mastitis is varied. Minett, Stableforth, and Edwards (1929), 
who investigated 113 cases of mastitis, found that 82 were due to streptococci, 21 to 
0. pyogenes, 6 to staphylococci, 3 to coliform bacilli, and 1 to F. necropharns. 
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Ps. pfjoeijanea is soinetiiiies resp^ll^ihle (Bwett et ah 1944). e may briefly consider 
these different types. 

BTREFToroccAL Masiitis. — T he .-streptococci causing mastitis may be divided 
on cultural, biotdiemieah and serological grounds into three groups. 

Grrjup I stfepiocoeci—ihe typical Nfr. agalacticc (see Chapter 24)— -are 
respoiisiljie for the eoiuiiiou condition of chronic mastitis. The incidence of this 
disease liifToases with the age of the animal, and is high in cows over 5 years of age. 
Usiiallv more than one quarter of the udder is attacked. Infection probably occurs 
through an the teats or via the teat canal, and is spread by the hands of 

the milker. The condition is very chronic, and it is doubtful whether complete 
roc^jvery cn'er occuns. 

Groap II ,sirepfoc>teci uive rise usually to acute or subacute mastitis, which is 
much coiiiinon than the chronic form just described. The distinguishing 
featiire> of Group 11 streptococci are absence of haemolysis, reduction of methylene 
blue in milk, failure to ferment salicin, mannitol, inulin, or gescuiin, and poor produc- 
tion acid iu gluco.-e broth. These organisms belong to Lancefield’s Group C 
ami ar»‘ often ivferred to as Sir. (hj.^galnctia (Stableforth 1942). Contagion from 
the liaiwb. of the milker play^ no obvious part in this type of mastitis. Usually 
only oiiO quarter of the udder is affected. The condition is, however, often very 
acute, a!i»l may lead to the partial or complete destruction of the quarter involved. 

We may also include in this group the sorbitol-positive trehalose-negative 
bub-group of Lancefiehrs Group C strains of haemolytic streptococci (see p. 581). 

GrtMji III streptococci are a much less important cause of disease. They are 
characterized by absence of htemolysis, production of acid in litmus milk at 10° C., 
reduction of methylene blue in milk, and fermentation of salicin, mannitol, 
and iiiuliii. They <io not fall into any of Lancefieldh groups. They are sometimes 
referred to as Sir. aherls. 

Strejftmrens pyogenes. — This organism is occasionally isolated from cows suffer- 
ing from mastitis. The udder is probably infected from the nasopharynx of the 
milker or other liiiman carrier. Its presence in the milk is likely to be followed by 
outbreaks of sore throat or scarlet fever in persons consuming it in the raw state 

(see p. 58 h find Chapter 93). 

Mastitis due to C. pyogenes.— T his organism is responsible for so-called 

summer mastitis/’ The disease is rather more frequent during the second half of 
the year. It is far coniinoner in dry cows than in cows in milk, and usually develops 
shortly before calving. One or more quarters of the udder are affected. Constitu- 
tional symptoms, sometimes accompanied by swelling of the hock joints, are not 
uncommon. The condition is often chronic, and abscesses in the udder tissue may 
break through the skin. Microscopical examination of the udder secretion reveals 
enormous numbers of Gram-positive diphtheroid bacilli, which, when cultivated on 
coagulated blood serum, give the typical pitted appearance due to liquefaction. 

Staphylococcal Mastitis, — ^This form usually occurs a few days after calving. 
One or more quarters of the udder are affected. The disease is sometimes acute, 
accompanied by gangrene and may prove fatal More often, however, it is of the 
chronic catarrhal type (see Minett 1937). The discharge from the affected quarters 
contains large numbers of hamolytic staphylococci. Occasionally a chronic 
granulomatous condition develops ; this is usually referred to as actinomycosis 
but is more properly termed botriomycosis. 
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Diagnosis of Mastitis. — In its ir.ore Tn.i-ti'"fs i-ui'i iw- i»v 

eliiiii'-ai means alone, but tiif^ ebronie "-v: v*. ofl’ilb. u-'tblv « fib bi 

iaboratory assistance. IiidivMua! qiiarter « f nblk tuv 1 1 -r^^-x ir.Jca- 

tioii, the fure-milk being the mn-t '•L.itablM. - t tlx* 

coccai disease flakes in the fore'-rnilk are vi-ibie auebx't .. 'i ;rk ' << bjx'xxb : 
reaction of the iiiilk is more aikaline than irxrj.jj! : h!. ^ f'/rbdx./i )X * 0 ' : b 

the cellular sediment is fnimd to be increase.* ^lA t-j ox.x- : 1 Tixr" :/ r 1 / ^ f ■ : ? r 
Breed ^Sniear method the celi» usually number n«ore tLcin b !; :bc .n :xb : nb to- 
scupical examination of the centrifugai do],o>it rt^vteab tn^ -fbiir'v cem^' 

ehained streptococci ; and cultivation of the orntnfuirH.l bienfi-ir - tb*- 
of streptococci which, on further examinatiu!!. are foiUid to on»* ef ^he 

mastitis groups. The most delicate test consist-- in the culdv.t^inn gnod'v 

cream or the centrifuged deposit, preferalby in bnep iborjil .t^ar fon^.rbiinj a-' aim 
and crx'stal violet (Edwards 1933). For herd eompo.-ite mbk frxrri 

the udders of each cow may be incubated iu the pre>e:a ^ of -udium azide and 
bromcresol purple as a preliminary means of detectii^g milk's .ntaii.iT/g Sfr, 

(Edwards 1938), 

Prevention and Treatment of Mastitis. — The early ob^ervatiuns of Minett am! 
his colleagues led these workers to suggest a modifled eradicaticui phin for dcgiiing 
with chronic streptococcal mastitis. The milk of every cow in the fc^^rd exainiiU'-d 
culturally, and the affected animals are either sold out, segregated on aiiotb^T 
part of the farm, or, if neither of these courses is praeticalle. milked last. Strict 
attention must, of course, be paid to the general hygiene of lailklrig. and every 
precaution taken to prevent infection of the clean herd. The rationale of this 
procedure is based on the assumption that Sir. agalactiw is an obligate j^arasite 
of the cow's udder. More recent vrork has thrown doubt on such a belief; the 
organism has, in fact, been found to survu-e for several weeks, and even nionths, 
outside the animal body (see Watts 1941), so that complete success by the eradica- 
tion method could hardly be expected. Experience has shown this deduction to 
be true (see Hucker and Harrison 1937, Bull et ah 1940, Watts 1941 j. Neverthe- 
less it is possible by these means to reduce greatly the incidence of overt disease. 

Attempts to control infection by vaccine prophylaxis hax^e not been promiping 
(see Hucker and Hansen 1937). On the other hand, treatment of the affected cows 
by injections into the udder of bactericidal agents has prox^ed very much more 
satisfactory. Acriflavine and gramicidin (see Watts 1941, Little et at 1941) have 
both been used with success ; but the best results appear to be obtained with 
sulphonamides : if these fail, then penicillin can usually be relied upon to effect 
a cure. Irrigation of the udder, which is often effective in streptococcal and 
staphylococcal infections (see Swett et al. 1944), is, however, time-consunung and 
entails the loss of several days’ milk. For this reason there is an advantage in 
giving sulphonamide by the mouth. The oral administration of sulphanilamide 
may be recommended for cows infected with Btr. agalactiet, though not al! cases 
respond fav'ourably to this form of treatment (Stableforth et ah 1942). 

Other Streptococcal Diseases of Domestic Animals 

It is convenient to discuss in this section a few examples of streptococcal infection 
of animals, some of them contagious. 

OuiHiingham (1929) described a disease known as ^dzootic IgmpMdemtis in guinea* 
pigs, which appears to bo due to a c^psulated j^-hsemoljrtic streptococcus. The cervical 







/j p. 




AXh woryij ixFf? tio}f> 

, j %. -V,, .;\ :'?V- . \r‘‘ li <iy briefly i'oiisider 

-> lb .< . K.'b.’j !^rt,-t;ri- may be divided 

1 !' ' , > ; '.’’ ,] jT i.,,-'«i'*' trrrj^e cfroiips. 

♦ y-',, /.,/de' 'vf Chapter 24)— are 

, . ;b; ^ 'i^f Mi-i-r:::'. The incidence of this 
* , . . . . I Tht w’ i::uw, •ind hi/a ia covs over 5 years of age. 
. r ' : ri.. a b kcd. Infection probably occurs 
,, J . <*, i* . -r .*'^ "h'‘ carnal, diid is spread by the hands of 
, i.^^, _ i.M.n/s. .‘ici it b dmibtfiil whether complete 


,fj, . 7/ ,., ,, , rbe ^t'Viiav to unite or subacute mastitis, which is 

» ,, 1 c,' [ ihit ^b' b:T'eu<' Ibrm jn-t de-cribed. The distinguishing 

. i - 11 Lt., r , .H..; af hamulysis, reduction of methylene 

M b nii* a^ -UcC iia hjmnitul inuliii, oricsculin, and poor produc- 

* . a 'ih*— ^jgani-ms Indoint to Laiicefieldb Group C 

1 noriMi 4 - f/v' 7 a/ar/b/' (blablefortli 1942). Contagion from 

* , ■' ti b m ^ ‘ K’l T.b^c- a.* cCvImliv parr in this type of mastitis. Usually 

.] i . - , 7 ' vu.- ill t al!^' r.^d. The condition is, however, often very 

,,, .0 /e. ,v 1 ,t . ]i.irti U c-^uiplet** destruction of the quarter involved. 

\\1- r. .V rci-rh m tiJ.' unmp th* sorbitol-positive trehalose-negative 
rf-hu ,r L.omtb! Gncip C strains of kemoiytic streptococci (see p. 581). 

HI are a much less important cause of disease. They are 

jbnarac^erus d by ul-en* e of ha iiulysis, production of acid in litmus milk at 10° C., 
redn'ti,!. ^4* blue in milk, and fermentation of saHcin, mannitol, 

.i cb, 4 'i lu d,, 5 3a <r fall into uijv of Luncefieldb groups. They are sometimes 

n im n d T'* Ji*’ u'hrf^♦, 

s/o p/. t/v. ~TLi> ortianlsm is occasionally isolated from cows suffer- 

o.ii' !,r -?i* luuyiti^. udder pro!>ably infected from the nasopharynx of the 

!;ti!i.er 4th^ r rnomin carrier. Its presence in the milk is likely to be followed by 
of -ore thnat or narlct fever in persons consuming it in the raw state 

and rii^ptcr 93 k 

i-irs ro. i\ pyogenes.— T his organism is responsible for so-called 
imc-tjtiK*’ The disease is rather more frequent during the second half of 
t he year. It far if ominonet in dry cows than in cows in milk, and usually develops 
j before calving. One or more quarters of the udder are affected. Constitu- 
tioa/i .wrrq^toii’iw, sometimes accompanied by swelling of the hock joints, are not 
iincQmdniiH> The condition is often chronic, and abscesses in the udder tissue may 
hfiif%k thrifUgh the wkia. Microscopical examination of the udder secretion reveals 
mimum numbi^rs of Gram-positive diphtheroid bacilli, which, when cultivated on 
eiUigiAidtcd hlim} serum, give the typical pitted appearance due to liquefaction. 

hTAi'HYEoc'iX’CAL ^Iastitis.-— T his form usually occurs a few days after calving. 
Dm m mw quarters of the udder are aifected. The disease is sometimes acute, 
acv'Oiiipawd by gangrene and may prove fatal More often, however, it is of the 
rhriwc cAtarrIial tj|>e (see Minett 1937). The discharge from the affected quarters 
large Bumbers of haeinolytic staphylococci. Occasionally a chronic 
coEditioa develops ; this is usually referred to as actinomycosis 
but M mcife properly Utmtd totriomycosis. 



Ufl4. 


PYOGENIC AND WOUND JNEECTIONS 


Ps. j,ync:i'u>cn is soinetnac-s rt-sitonsibie i et n<. 1944). We may briefly consider 

type-. 

SxREPicicnijr’AL — The streptococci causing mastitis may be divided 

im C'liltiiruL biodA^mi^al. and serologi<'ul grounds into three groups. 

fiflPip 1 Sh‘f- I- typical Sfr. agalactiw (see Chapter 24)™-are 

re-p« Visible f^r tlic c>jin!iion eouJitiun of chronic mastitis. The incidence of this 
infTrast*^ with the aue uf the animal and is high in cows over 5 years of age. 
r-imliv than < ne ijuartar of the udder is attacked. Infection probably occurs 
thruugh abrasion- on the leal- or vm the teat canal, and is spread by the hands of 
tie lailkar. TL(* tamlition is very chronic, and it is doubtful whether comj3lete 
rat’ oary eiar un-- 

frffpij* 1 1 '-fregtocpcei uive rise usually to acute or subacute mastitis, which is 
iuii‘b h-ss Mejiiiiaii tiiaii the chronic form just described. The distinguishing 
faatur*b- of tir«jup O streptococci are absence of haemolysis, reduction of methylene 
bhic hi lahk, fiihire to ferment saiicin, mannitol inulin, or gesculin, and poor produc- 
tion of uci 1 in ulutaa^ broth. The^^e organisms belong to Lancefield’s Group G 
and a I*’ ohooi rcihnvd to Sfr. dgsgalnctia (Stableforth 1942). Contagion from 

haul nf tin milker plays no obvious part in this type of mastitis. Usually 
Hilly Ola- t|U 4 rtHr «»f the* udder is affected. The condition is, however, often very 
ami may lead to ihe partial or com]>lete destruction of the quarter involved. 

We may aho include in this group the sorbitol-positive trehalose-negative 
sub-group of Laneefiebrs Group C strains of haemolytic streptococci (see p. 581). 

Group III sitepfocccrl are a much less important cause of disease. They are 
chararterized by absence of hamioiysis, production of acid in litmus milk at 10° C., 
reduction inethylene blue in milk, and fermentation of saiicin, mannitol, 
anil iiiiiliii. They dfr uut fall into any of Lancefield’s groups. They are sometimes 
nderred to as ^<fr, uVrGu 

tSfrrpffM'(Kru.< pipHjenrs . — This organism is occasionally isolated from cows suffer- 
ing friuii mastitis. Tlie udder is probably infected from the nasopharynx of the 
milker or otlier liiiiiiaii carrier. Its presence in the milk is likely to be followed by 
outbreaks of sore thri>at or scarlet fever in persons consuming it in the raw state 

(see p. 58^^ and Chapter 93). 

Mastitis due to V, pyogenes.— This organism is responsible for so-called 
“ summer mastitish' The disease is rather more frequent during the second half of 
the year. It is far commoner in dry cows than in cows in milk, and usually develops 
shortly behce calving. One or more quarters of the udder are affected- Constitu- 
tional symptoms, sometimes accompanied by swelling of the hock joints, are not 
uncommoii. The condition is often chronic, and abscesses in the udder tissue may 
Iffeak through the skin. Microscopical examination of the udder secretion reveals 
enomious numbers of Gram-positive diphtheroid bacilli, which, when cultivated on 
coagulated blood serum, give the typical pitted appearance due to liquefaction. 

bTAPHYLOCoccAi* MASTiTis.---~This form usually occurs a few days after calving. 
One or more quarters of the udder are affected. The disease is sometimes acute, 
aecompaiiied by gangrene and may prove fatal More often, however, it is of the 
chremie catarrhal type (s^ Minett 1937). The discharge from the affected quarters 
contains large numbers of haemolytic staphylococci. Occasionally a chronic 
gmnulomatous condition develops ; this is usually referred to as actinomycosis 
but is more properly termed botriomycosis. 
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Diagnosis of llastitis.~“ln its more severe forms mastitis can be deP^f^ted hr 
clinicai means alone, but tbe chronic streptococcal types of hith tkm iiHiially fall for 
laboratory assistance. Individual quarter samples of milk are prciVrrv I for exaii jiiiii- 
tion, the fore-milk being the most suitalile. In well-marked " "1,^^ 4rcpto- 

coccal disease flakes in the fore-milk are visible against a dark backii'. / ii 
reaction of the milk is more alkaline than norma! : <^n Cf^fitrifiicatioii <»i ' • 

the cellular sediment is found to he increased and to exceed 1 purr per ; Ly r* 
Breed Smear method the cells usually number more than 3 iiiiilioii per ml : ndt-tcr 
scopical examination of the centrifugal deposit reveals the presence of fairly long- 
chained streptococci ; and cultivation of the centrifuged deposit shows the preRUi(*e 
of streptococci w'Mch, on further examination, are Wnd to belong to one of the 
mastitis groups. The most delicate test consists in the cultivation of the gravity 
cream or the centrifuged deposit, preferably in deep blood agar coiitaiiiifig iesculiii 
and crystal violet (Edwards 1933). For herd tests, composite milk samples from 
the udders of each cow may be incubated in the presence of sodium azide and 
bromcresol purple as a preliminary means of detecting milks coiitainini? Sir. aaahcim 
(Edwards 1938). 

Prevention and Treatment of Mastitis. — The early observations of Minett and 

his colleagues led these workers to suggest a modified eradication plan for dealing 
with chronic streptococcal mastitis. The milk of every cow’ in the herd is examined 
culturally, and the affected animals are either sold out, segregated on another 
part of the farm, or, if neither of these courses is practicable, milked last. Strict 
attention must, of course, be paid to the general hygiene of milking, and every 
precaution taken to prevent infection of the clean herd. The rationale of this 
procedure is based on the assumption that Sir, agahctim is an obligate parasite 
of the cow’s udder. More recent work has thrown doubt on such a belief ; the 
organism has, in fact, been found to survive for several weeks, and even months, 
outside the animal body (see Watts 1941), so that complete success by the eradica- 
tion method could hardly be expected. Experience has shown this deduction to 
be true (see Hucker and Harrison 1937, Bull et at 1940, Watts 1941), Neverthe- 
less it is possible by these means to reduce greatly the incidence of overt disease. 

Attempts to control infection by vaccine prophylaxis have not been promising 
(see Hucker and Hansen 1937). On the other hand, treatment of the affected cows 
by injections into the udder of bactericidal agents has proved very much more 
satisfactory. Aoriflavine and gramicidin (me Watts 1941, Little et at 1941) have 
both been used with success ; but the best results appear to be obtained with 
sulphonamides ; if th^e fail, then penicOlin can usually be relied upon to eff«t 
a cure. Imgation of the udder, which is often effective in streptoeoceal and 
staphylococcal infections (see Swetteiol. 1944), is, however, time-consuming and 
entails the lorn of several days’ milk. For tins reason there is an advantage in 
giving sulphonamide by the mouth. The oral admudstralion of sulphanilamiie 
may be recommended for cows infected with Sir* though not all 

respond favourably to tHs form of trmtmeni (Stabieforth et A 1941 ). 

CHiiar l^plococcdl Dis^iws ci An i mal s 

It is convenient to discuss in idiis section a few examples of streptococcal infetioB 
of animals, some of thm cont^om 

d^iibed a diseam known as in 

p%s, which appeals to he -dge to a ca|)wfeihto ^^-hww>%^c The ^rrioal 
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lympli nodes are mainly affected ; they are converted into large, thick-walled, fluctuating 
ahseesses eontaimiig grumous, pale yellow, granular pus. The disease is generally chronic, 
and may he confused with pseudotuherculosis (see Chapter 73). Rae (1936) reports a 
spontaneous epizootic in guinea-pigs, spreading by contact, also due to a ^-haemolytic 
capeukted steptococcus. It is characterized by great enlargement of the cervical lymph 
nodes of a non-suppurative type, and multiple necrotic yellowish areas in the myocardium. 

In dogs, infection with Croup G streptococci may manifest itself as a febrile adenitis 
of the suhmaxillaij or cervical Ijmiphi nodes, which sometimes suppurate, or by an infection 
of the genital tract in bitches, rc*sulting in sterility or abortion. The infection may be 
eomplieated by a fatal septiesemia (Hare and Try 1938). 

A of alpha-hsemol^dic streptococcus, serologically related to Lancefield’s Group C 
fitw'ptoeocei, was found by Blakemore, Elliott and Hart-Mercer (1941) in suppurative 
iniyarthritic lesions of iambs suffering from joint4ll. In some animals the polyarthritis 
was aecompamcff by an infective endocarditis. Xormal lambs were susceptible, but 
eorival<*se«il kmbs and adult sheep were immune to experimental infection with the 

8tR*ptCH}OCCUS. 

Group C streptococci are commonly found in infections of the horse. Bazeley and 
Battle (1940| de«eiib€d five sub-types of equine Group C streptococci, all of which were 
with Mpiratory catarrhs, w-mund infections and suppurative lesions in various 
l»rte of the body. Their Type 1 appeared to be the causal organism of strangleSj a suppura- 
tive lesion of thc^ upper respiratory tract, characterized by abscesses in the throat and 
submaxflkry region. Bazeley (1940) was able to immunize mice against infections by 
this organism, using vaccine of heat-killed capulated streptococci. 

Ctonjunettvitis. — One of the commonest causes of acute conjunctivitis is the 
Koch-'Weeks bacillus, which seems to be identical with E, influenzm (see 
Cbapter S3), This condition appears to be widespread, occurs in epidemic form, 
and Bhows a definite seasonal prevalence in different countries. It is particu- 
larly common in Egypt, where the bacillus was first isolated by Koch. Another, 
less common, cause of conjunctivitis is the pneumococcus. This type of infection, 
which is more severe than that due to the Koch-Weeks bacillus, is irregular in 
distribution, is confined chiefly to children, and may occur in localized epidenoics. 
It is more common in Eastern than in Western countries. Subacute, or angular, 
conjunctivitis is due to the Morax-Axenfeld bacilius (see Chapter 34). Gonococcal 
conjunctivitis— ophthalmia neonatorum— is described in Chapter 65. (For a general 
account of the bacteriology of conjunctivitis see Axenfeld 1928.) 

guppnrafive m Bmm and Joints.— Acute osteomyelitis, occurring 

independently of a compound fracture, is almost always due to infection with 
Btapk mrmi. It occure mamly in children, in whom it not infrequently develops 
after a simpk blow, or similar trauma. The infection is blood-borne. Acute 
suppiTOtive pericmtitis is rare. When it occurs, it is usually a streptococcal 
infection. A subacute, or chronic, periostitis oecationaJly -occurs as a sequel of 
typhoid, or p.»typh 0 id fever, and k mmed by the bacilus responsible for the 
primary iafection. Such al»ces®es occur most commonly over the ribs, or the 
crwium. 

A ™t«ktic pwulenl arthritis may <wiir' as a mqml to kfedaon with any 
pyogenm bactenum , though tihe pneumoco<xfW' is the org^mism mc^ frequently 
»oia^ m i»h c^. Otlmr are mrdy WaW'from toe suppurarive 

arthritis in m»a, except in thcwi easm w^h Mow wounds ent^ung the joint. 
In fnimtis' otiier mm -often impoMlfc for th» «»adition, m, fm instance. 
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Suppurative Lesioas of the Alimentary Tract. 

Appendicitis.—Tlie bacteriology of acute ajipendiciti.s and of tie 
appendix abscesses, is very confused. It is possible that tlf^ pnniury eiiz- 

in the wall of the appendix, and that it is due to a bluMd-lorno inft./TiMii wbL 
a streptococcus of the viridans type (see Roseuuw r,dr>i. Tap 
flora of this part of tlie intestine ensures a rapitl secondary inva-iun «'♦! tiiii 
tissue with a host of difierent bacteria, among wliirh Bmt cm is .-t ; 

and the bacteriology of the lesion found at operation is €t»rrespor.di n^rly ruiiiih**!'. 
Veillon and Zuber (1898), using a combination of aerobic and ana^Tfibir in*^tlii>ds, 
examined 22 cases of appendicitis. From 19 cases they isolated aiiderMbis bucdh 
associated with rare streptococci and colifonn bacilli ; from 2 of tlie cd'^cs aiia^^robio 
bacilli alone were cultured. Usually 5 or 6 different «peoie>4 were foinid 
and never less than two. Of the anaerobic bacilli the majority belonged to tbe 
Gram-positive non-sporing group, described in Chapter 18 ; amongst these Fmi- 
formis fragilisy F, ramosusy F. fmiformisy and F, furcomM were tiie commonest. 
CL welcMi was also found very frequently. More recently Weinberg and bis «'ol' 
leagues (1926, 1928) examined 150 cases of acute appendicitis, a great number 
of which were of the gangrenous type. Of tbe aerobic bacteria the frequency was 
Bact coU 128, enterococcus 41, Proteus 14, StapJiylococcm 12, and SireptoerKcm 10 ; 
a few other species of organisms were found occasionally. Of tlie anaerobic 
bacteria the frequency was Cl. wehhU 49, Gram-negative rocl-sbaped organisms 6U, 
cocci and streptococci 40, F. ramosiis 16, CLfallax 5, CL sejdimm % Cl Mstobjfkim 
2, and other organisms in smaller numbers. Essentially similar results have been 
recorded by Schmitz (1930) and Buttiaux and Tiprez (1 933). It is dearly impossible 
on the present evidence to assess the role played by each of these organisms in the 
aatiology of appendicitis, but it would appein not improbable that the organisms 
responsible for the gangrene and the general toxaemia in severe eases belong mainly 
to the anaerobic groups. Weinberg and his co-workers (1928) are so impressed with 
the importance of the anaerobes that they have recommended the use of antitoxic 
serum prepared against these organisms in the treatment of appendicitis (see 
Chapter 78). 

Cholecsrstitis. — The frankly suppurative form of cholecystitis api^axs to be 
due, in the majority of cases, to infection with Bad, coliy some times a^ociated 
with streptococci. Acute cholecystitis may Mow infection with Bmt. cdi 
with Salm. typhi or with bacilli of the paratyphoid group. The relation between 
infection of the gall-bladder and the canier-state in typhoid fever, will be dis- 
cussed in Chapter 69. It may be noted that infections of the gall-bladder provide 
an interesting example of the importance of local conditions, of a semi-ineclianic&l 
nature, in originating or perpetuating bacterial infection. Bacteria, and par- 
ticularly members of the coli-typhoid group, have frequently been isolated from 
the interior of gall-stones. It is h%hly probable that a mild baeterml infection 
so altem the local conditions in the gall-bladder as to favour the formation of 
gall-stones, and that the cholesterol and bEe sail® of which these are compcwed 
may be deposited on a central nidus of desquamatwi cells* or fibrin, contain- 
ing bactena. There are also good reasons for believing that the pwsenco of 
gal-stones greatly increases ' the liabilty to bacterial infection ; w that we have 
a vicious circle, each ' abnormality tmiding to promote, or perpetuate, the other. 
The bacteriology of gaff-bladder infections is also of interest, in that it provides 
an ^amnle of the 'selective action of body fluids- on bacteria, and Slw*- 
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trates tlie necessity for maMng (lue allowance for sueli factors in interpreting 
bacteriological findings. e bave noted elsewliere that some antliorities believe 
that the typhoid bacillus crains access to the gall-bladder via the blood vessels of 
the wall of the viwi an^t nut by the ])ile ducts. It has been suggested by many 
observei® that the is true in the majority of cases of cholecystitis, and that 
the primary hAon is a locus of infection beneath the epithelial lining. ^Eopnow 
pCilb) lias Hig,ire4#^d that streptococci, with a special tendency to localize in the 
gall-bladder wall, play an important part in the production of cholecystitis in 
man, Wilkie {1928} has recorded an interesting series of observations, which 
tend to support this view. In 50 cases of cholecystitis, mainly chronic, he took 
cultures from the bile, the gall-bladder wall including all coats, the snbmucosa, 
and the small lymphatic gland situated near the junction of the cystic duct and 
the gali-bMder. From the bile, and from the pieces of gall-bladder wall which 
were contaminated with bile, he isolated streptococci on two occasions, Bact. coli 
three times, and Cl weMdi once. From the submucosal cultures, in which special 
care had been taken to prevent contamination with bile, he isolated streptococci 
in 21 cases, and Cl mkhii once. From the cystic gland he isolated streptococci 
in 43 cases, Bmt mli once, and Cl welcMi once. He concludes that cultures taken 
from the bile give an entirely misleading picture of the essential bacteriology of 
cholecystitis, owing to the inhibitory action of the bile salts on the streptococcus, 
which is the cause of the primary infection. These observations clearly suggest 
that BucL coli may, in many cases, play the part of an important secondary 
invader, favoured by the selective action of the bile, rather than that of a primary 
agent. 

Peritonitis.—- Some cases of peritonitis are primary, for example, certain cases 
in children due to infection with the,i pneumococcus ; but the great majority of 
eases are secondary to some primary intra-abdominal lesion, such as appendicitis, 
perforated gastric or duodenal ulcer, or some type of intestinal obstruction. The 
species of bacteria concerned in the primary invasion of the peritoneum depends 
in part on the nature of the primary lesion, in part on the flora of the section 
of the intestinal tract involved. In intestinal obstruction tbe bacteria from within 
the intestine tend to make their way through the intestinal wall, and to produce 
a mixed infection. In such cases, and in the later stages of any infection of the 
general peritoneal sac, other than those which are acutely fatal, the bacteriological 
picture is usually dominated by the colon bacillus. 

Fatal post-operative peritonitis is often due to infection with a haemolytic 
streptcM^ocems, and a similar infection may occur as part of a septicaemic infection. 
Pelvic peritonitis, foUowing salpingitis, is usnally due to the gonococcus. Other 
bacteria which may be found in the peritonei exudate include StajfJi, alhm, 
of tie Prdem group, and Ps. f^oo^ma (see Dudgeon and Sargent 1905). 
In thc» eases in which fr« transit has occurred fi?om the interior of some part of 
the lower intestine^ anaerobes of the Fmifomu and OhdrUium groups may be 
C«zamali and Mig&rina (1933), who examined 81 cams of acute peri- 
tenitiSj fotmd that aerobic organisms accounts for about two-thirds and anaerobic 
for about oae-lhird of the total number i^lai^. In point of time the a^erobio 
organisms the antwoMc. Bad. seemed to be , able to 'diffuse more 

rapdiy tiroigi the peritonei .cavity than any .other oiganism, wMle toeptocooci 
' for the togwt time. In cases of perforated gastric or 'duodenal ulcer no 

^ M tm % m even 1 2 hours, but after this rime the peritoneal 
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cavity was always infected, the comiuone.-t oriranism beiiipt a liOii-liieiiiijlytic strejjto- 
coccus. From a prognostic point of view, excluding infections witli Jyir. 
tlie fewer organisms and the fewer species tht^e are present, the more fivoiirahie 
is the outlook (see also Meleney et al. 1931). 

Suppurative Iresions of the Respiratory Tract, 

Suppurative lesions of the accessory sinuses of the nose usually arise Ly direct 
extension from the nares or nasopharynx, and the bacteria mo-t frequently 
responsible are the potentially pathogenic constituents of the iiasopliaryngeai 
flora — StT, pneumonice, Str, pyogenes, and H. ihfiuenzft. AiifJtlier f^rgaiii^iii fre- 
quently isolated from cases of suppurative sinusitis is SUiph. aureuA ; wlidc acute 
infection of the nasal sinuses with the meningococcus has been de.^criljed, and is 
believed by some observers to play a part in the genesis of eerelirospinal meningitis 
(see Chapter 64). 

Under this heading, we may, for convenience, include otitis media. The great 
majority of cases in man are caused by Btr, pyogenes, Sir. pneumimur, or Staphs 
aureus (Fisher 1929) ; occasionally enterococci are responsible (Rantz and Kirby 
1943). Middle-ear disease is very common in rats, particularly in adult animals ; 
the main organisms involved appear to be Aciimhacillm mtimides^ streptococci, 
and diphtheroids (Kelson and Gowen 1930), 

The bacteriology of infections of the lungs is discussed in Chapter 74. 
Suppurative inflammation of the pleural cavity arises by direct extension from the 
pulmonary lesion, and is due to the same infecting agent — ^in most cases of lobar 
pneumonia to Btr, pYieumonicB, of secondary broncho-pneumonia to Sir. pneumomm, 
Sir. pyogenes, or occasionally to some other organism. The bacterial flora of chronic 
bronchiectatic cavities in the lung is mixed, pyogenic organisms and throat flora 
usually predominating. Allison, Gordon and Zinnemann (1943) have produced 
evidence suggesting that, among respiratory pathogenic bacteria, H. influemm is 
most commonly associated with these lesions. 

Pneumonia is common in adult rats and appears to be due to very much the 
same organisms as those responsible for otitis media. A pneumococcal pneumonia 
occurs in guinea-pigs debilitated by pregnancy or an ill-balanced diet ; the infec- 
tion, which is usually due to Type XIX pneumococci, may also take the form 
of a respiratory catarrh, or give rise to a uterine lesion (see Petrie 1933). It may 
be noted that Jowett (1930, 1931) has described a chrome pyobadlUsis of simp, 
met with in the abattoir, which is characterized by multiple small abscesses in the 
lungs and sometimes other parts of the body. The causative organism is a 6mm- 
negative ovoid bacillus, said to be identical with the purifacims of Ckrifitiansen, 

Acute Suppurative L^ions of the Urmary T^aci 

Acute suppurative infections of the urinary tract leading to pyelitis, pyelo- 
nephritis, and cystitis are caused most frequently by Dudgeon, Woi^ley, 

and Bawtree (1921, 1922^23) have drawn attention to the frequency with which 
h®emolytic types of Bmt. oM are found in such infefjtions, and have noted that 
these haemolytic strains are particularly frequent in mal«. ^In a mnm of 44 mU 
infec^ons in naales, 72*7 per cent, were due to tire haemolytic and 27*3 <»nt. 

to the non-haemolytic fype ; in 116 femMe cMes, on the other hand, only 31 ;i^r 
■cent, were due to the haemolytic, and 69 per 'Cent. to the non-haemolytic type. 
More recently Bu^eon and Pidvertaft (1927): have describe a particular type 
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of acute urmary infection, associated as a rule with acute pyelitis or pyelone- 
phritis, and caused by a hamolytic, slow-lactose-fermenting type of coliform 
bacillus. The general symptoms at the onset are so severe that the urinary affec- 
tion is often masked, and the true nature of the disease is not manifest for 2 or 
3 days, when pus is found in the urine. In most cases recovery occurs, and the 
urine clears up completely, contrasting in this respect with infections due to the 
tvpical non-hsemolytic Bmt. coUj in which chronic hacilluria is the rule. 

Bad, aemgems is said to be frequently present in infections of the genito-urinary 
tract (Hill et al 1929, Wernig 1939 ; see also p. 2027). Another common invader 
is Pmieus mlgaris (Taylor 1928) ; in acute cases this organism can be isolated from 
the blood stream, and may be present in pure culture in the urine. Proteus vulgaris^ 
fecal streptococci, Ps, pgocyanea and staphylococci are not infrequent secondary 
invaders in infections of the urinary tract. Infection of the urine with the gas- 
producing GL welcMi may occur in cases of carcinoma of the rectum or bladder, 
associated with a recto-vesical fistula. Cystitis is a not uncommon complication 
of gonorrhcBa, and is then due to the gonococcus, alone or in association with other 
organisms. Tuberculous cystitis or pyelonephritis, which is itself associated with 
pyuria, is frequently complicated during its later stages by a secondary infection 
with Bad, coli staphylococci, or other organisms. 

Infections of the bladder and of the pelvis of the kidney provide another illus- 
tration of the importance of local mechanical factors in promoting bacterial 
infection. Benai or vesical calculi, enlarged prostate, urethral stricture, vesical 
papilloma or carcinoma, are all conditions which, sooner or later, are associated 
with an infective cystitis. Staph, aureus is the organism most commonly found 
in urinary calculi, both in the stone itself, and in the adjacent tissues (Hellstrom 
1921, Winsbury-White 1935). 

PgehnephrUis is sometimes observed in cattle and is characterized by a 
membmnous necrotic inflammation, which attacks principally the papillae and leads 
to progressive destruction of the kidney ; there is an accompanying inflammation 
of the capsule, and often considerable fibrosis of the pelvis of the kidney, the 
ureter, and the bladder. The aetiology of this condition is still uncertain. By 
some it is said to be due to a Gram-positive diphtheroid bacillus, 0. pyogenes ; 
by others to a mixed infection with 0, pyogenes, streptococci, coliform bacilli, 
and other organisms (Gkge 1928, Jones and Little 1930). 

Infectioii of Wounds 

Bacterial infection k a common sequel to wounding. All wounds, from trivial 
cuts to the extensive areas of destruction that follow burning, are liable to infection, 
though in general the larger and deeper the wound and the more damaged and 
defitali^d the wounded tisstu^, the greater is the susceptibility to infection. 
The risk of infection to a olwi operation wound, closed so as to heal by first inten- 
Hon, IS relatively small ; and that of an extensive compound fracture, with crushing 
or lacewtion of the tiMues# is high. Pew organfens are introduced into a clean 
opewticm wounds and after operation the wound can be adequately protected 
^amft sub^quenl infection. The same is true of the physiological ” wounds 
in the l^ct of the post-parturient woman, ; sepas do^ not develop if 

are taken tiie introduction of bacteria during and after labour- 

wcumd^ whether' inflicted m civil life or ,in wax, differs in 'that the 
ipaaHy more d^naged, and in 'the grater 'likeIiho>od that the wound 
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will be contaminated by bacteria present in the environment of the wound at the 
time of infliction. The bacteria include those from the skin and clothes of the 
wounded person, and those from the soil, dust, dirt and other debris that fall on 
or are driven by force into the wound. Infection in these wounds is much com- 
moner and has been studied more extensively than has infection of clean wounds. 
There is, however, no essential distinction between the two kinds, and our con- 
clusions will apply with varying force to infection of all open lesions of the body. 

It will be convenient to make an arbitrary distinction between the bacteria 
we find in a wound within a few hours of infliction, and those we find later. In 
the fresh wound, bacteria have had little time to multiply and elaborate their 
toxins, and there is practically no evidence of an inflammatory tissue response. 
Hence, with few exceptions we can regard the bacteria as contaminants. After 
a few hours, however, if signs of inflammation or other tissue response appear, 
we must consider them no longer as contaminating but as infecting bacteria. With 
this distinction in mind, it remains to determine the relation of the contaminating 
to the infecting organisms. 

Wound Contamination. — If we except wounds grossly soiled with materials which, 
like road-dust, earth, sahva or faeces, contain large numbers of bacteria, the freshly inflicted 
wound contains relatively few viable organisms. But, though the numbers are small, 
a variety of different species is usually present ; and few wounds are completely sterile. 
The frequency with which different bacteria are isolated depends partly on the methods 
of cultivation employed, and partly on the environment of the wound at the moment 
of its infliction. In general, micrococci and staphylococci other than Staph, aureus are 
most commonly found. Other frequently isolated species are spore-bearing baciUi (both 
aerobic and anaerobic), enterococci, a-hsemolytic and non-hsemolytic streptococci, diph- 
theroids and Gram-negative intestinal bacilli. (See Pulaski, Meleney and Spaeth 1941, 
Spooner 19416, Hare and Willits 1942, de Waal 1943, Altemeier and Gibbs 1944.) Of 
the more pathogenic bacteria. Staph, aureus is present in up to 20 per cent, of wounds, 
and Str. pyogenes (Lancefield’s Group A) in only a small proportion (see Williams and 
Miles 1945). Cl. welchii, though relatively common, behaves in the great majority of 
wounds as a saprophyte, and dies out fairly rapidly (see Chapter 78). So, in fact, do 
most of the contaminating species mentioned above, including Staph, aureus and Str. 
pyogenes, especially if dead tissue and foreign matter are removed from the wound. The 
results of repeated cultivation of the flora at intervals after mfliction of the woimd suggest 
that only in a small proportion of surgically treated woimds do the initially contaminating 
pathogenic bacteria persist and give rise to infection. 

Wound Infection. — The bacterial flora of the infected wound is both qualitatively 
and quantitatively different. The organism most commonly found is Staph, aureus. 
which is present in the majority of open infected wounds (see, for example, Levaditi et al. 
1939, Miles et al. 1940, Pulvertaft 1943, Meleney 1943). Next in frequency come Str. 
pyogenes. Bad. coli, Proteus vulgaris, Ps. pyocyanea and enterococci ; the precise frequency 
will vary with the type and age of the wounds studied (see Altemeier 1942). In the large 
war wounds, as Fleming (1915) showed, the primary stage of infection, which lasts about 
one week, is due mainly to bacteria of fpecal origin, including spore-bearing bacilli ; in the 
second, intermediate stage, these organisms are gradually replaced by pyogenic cocci; 
and the third stage is characterized by a suppurating infection with streptococci and 
staphylococci. But there is no general rule that applies to all the observed varieties, 
both clinical and bacteriological, of wound infection. Heavy infections with ooliform 
baciUi may occur, particularly in large wounds of the trunk, buttocks and thighs (de Waal 
1943) ; whereas in wounds of the extremities cobform infections are rare (see Wfiliams 
and Moles 1945). In addition to the common pyogenic organisms and the gas-gangrene 
or tetanus bacilli noted above, wounds may, for example, become infected with anaerobic 



streptococci, diplitlieria baciUi, actinomyces, organisms of the HcB'jnopliilus group and 
so forth. Among the anaerohie streptococcal infections we may note a gangrenous myositis, 
resembling clostridial gas gangrene in many respects, which is apparently due to the 
combined invasion of wounded muscle Sir, pyogenes and anaerobic streptococci (Mac- 
Lennan 1943a, h). Wound diphtheria is uncommon, but when it does occur, it may 
assume epidemic proportions in hospital wards (Bensted 1936), 

It must be emphasized that wounds may become infected without any obvious clinical 
manifestation of disease except perhaps a prolongation of the healing time. Miles (1944), 
for example, records that 29-0 per cent, of 282 small industrial wounds were latently 
infected in this way, mainly with Staph, aureus. The existence of such wounds is clearly 
of epidemiological importance, being analogous to the healthy carrier of disease in other 
infective conditions. 

The Sources of Pyogenic Wound Infection. — The three chief bacterial causes of wound 
sepsis are Staph, aureus^ Str, pyogenes and Gram-negative intestinal bacilli. We have 
already considered the distribution of Sir, pyogenes in Chapter 66. We may recall that 
it is present in the throat of 5—10 per cent, of healthy persons and in the nose of less than 
i per cent. ; and that persons with open streptococcal lesions — scarlet fever, tonsillitis, 
and streptococcal skin diseases — contribute large numbers of cocci to their surroundings. 
Streptococcal wounds are also prolific sources of this organism. Under ordinary con- 
ditions, however, Str, pyogenes is found infrequently and in small numbers on the skin 
and clothes, even of carriers (see Hare 1941) — a fact in accord with the very low incidence 
of Str. pyogeyies in freshly inflicted wounds. Coliform bacilli are present on the skin near 
the anal region, and it is reasonable to suppose that large trunk and buttock wounds are 
often infected by fsecal organisms on the neighbouring skin. In Staph, aureus we have 
a potentially pathogenic organism existing normally in close association with man, at 
least in the temperate regions where the carriage of this organism has been investigated. 
The distribution of Staph, aureus in man is considered in detail in Chapter 90. It is 
sufficient to note here that the observed carrier rates for adults are about 50 per cent, 
for the anterior nares, and 5-20 per cent, for the skin of the hands (see Gillespie et al. 1939, 
Miles et al. 1944). A smaller percentage of persons carry it on the skin in various other 
parts of the body (Martin 1942, R. E. O. Williams, personal communication). Skin carriers 
are usually nasal carriers ; and, in view of the persistence and profuseness of nasal carriage, 
it would appear that the nose is the primary source of the external Staph, aureus of the 
body, and that the skin is secondarily contaminated from the nose. 

jMiles and his colleagues (1944) have observed that wound contamination by Staph, 
aureus is commoner among skin carriers than among those whose skins are free from the 
coccus ; and, in the majority of cases tested, the skin staphylococcus was of the same 
bacteriophage type as the wound staphylococcus. The fact that nasal and skin strains 
in one person usually belong to the same serological or phage type (Gillespie et al. 1939, 
Fisk and Mordvin 1944, IMiles et al, 1944) strongly suggests that both contamination and 
infection of wounds by the patient’s own staphylococci are common. 

The incidence of infection by these organisms in older wounds is far higher than we 
should expect from the imtiai contamination rates. Moreover, in the severer wounds, 
the infection rates with various organisms increase with the age of the wound. Thus, 
in the war of 1914-18, it w'as observed that hsemolytic streptococci were present in about 
15 per cent, of pre-operative wounds, and in as many as 34*6 per cent. (Stokes and Tytler 
1918-19) and 90*0 per cent. (Fleming and Porteous 1919) of wounds after a week or more 
of post- operative treatment. Similar observations with respect to Str. pyogenes. Staph, 
aureus, coliform baeiHi, and other organisms, were made in 'the second world war (see 
Memorandum 1941, Spooner 1941a) ; and it appears that in a large number of cases, the 
infections are added after the infliction of the wound. For the most part the evidence 
of added infection is circumstantial, for there is no direct means of excluding the possibility 
that the late-appearing infections arise from bacteria that have lain dormant in the wound 
since its infliction, but wMch eluded bacteriological detection by reason of the small 
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number of organisms present. With 8tr, pyogenes, however, the evidence is more direct. 
As in epidemiological surveys of other streptococcal diseases (Chapter 60), the identification 
of the various Griffith types of Sir. pyogenes has made it possible to prove that infection 
is often due to streptococci added in hospital. There is, then, good reason to believe that 
in a large number of instances where the precise infecting organism cannot be traced to 
its source, late -appearing infection is, in fact, due to added infection (see Miles 1944). 
Not only may a clean wound become infected, but one type of infection may be suxier- 
imposed on, and eventually replace another. Thus the successive predominating organisms 
in a wound may, for example, he micrococci. Staph, aureus, Sir. pyogenes, Ps. pyocyanea 
and Proteus vulgaris, and finally, immediately before healing, Staph, albus and diphtheroids. 

The estabhshment of this point of view is important, for it clearly indicates that anti- 
bacterial measures at the time of wounding, the removal from the wound of foreign matter 
and of devitalized tissues, and the application of cleansing and antibacterial agents, are 
insufficient safeguards against wound infection. The wound must be protected against 
the risks of infection until it is fully healed. 

The risks are greatest in casualty stations, hospitals and other institutions. They 
are relatively low in civihan surgical practice, for there are few reservoirs of infection, 
and most clean operation wounds offir too small a surface for the successful implantation 
of organisms ; hut even here cross-infection of the larger, chronic, open lesions like tuber- 
culous sinuses, and abscess cavities after surgical interference, may occur. War and 
accident wounds are more susceptible to infection, and in war-time the large numbers 
of infected wounds in hospital wards ensure reservoirs of infection far larger than those 
of the normal nose, throat and skin carriers of pyogenic cocci. Consequently, added 
infection of wounds is numerically a greater problem in war. Such infections appear 
to be transmitted mainly by contact or droplets. Str. pyogenes, Staph, aureus and coM- 
form bacteria are often found in the air of surgical w^ards, but their rate of sedimentation 
is slow and few are hkely to fall on to a small wound during its exposure for dressing or 
inspection ; consequently, air-borne infection is of minor importance compared with 
contact infection. Burns, and other extensive wounds that are exposed for long periods 
during treatment, appear to be far more susceptible to air-bome infection (Ouickshank 
1935, Colebrook and Trancis 1941). Precautionary measures comprise aseptic routines 
carefully devised to meet the known risks of added infection, including air-bome infection 
in appropriate cases (Memorandum 1941), and the local appHcation of antiseptic or chemo- 
therapeutic substances (see below). 

Treatment of Pyogenic Infections 

Surgical. — Although the discussion of surgical methods of treatment takes 
us beyond our proper ground, it is permissible to point out that general bacterio- 
logical principles indicate the paramount importance of judicious surgical interfer- 
ence in those acute suppurative infections which are accessible to such measures. 
The removal, or adequate drainage, of a localized focus of infection will usually 
enable the defence mechanisms of the body to deal satisfactorily with the remaining 
bacteria. We have emphasized above the importance of mechanical factors in 
many cases of acute or chronic pyogenic infections ; and the rectification of these 
abnormalities by surgical means frequently results in a bacteriological cure. It 
may be noted that other factors, in addition to the removal of living bacteria, are 
involved in the successful drainage or removal of an infected focus. Reference 
to the discussion on aggressins ” in Chapter 48 will indicate that the antigenic 
constituents liberated in such a focus may play a significant part in extending the 
area of infection, or in favouring its local persistence. 

Chemotherapy. — In recent years, a large variety of antibacterial agents has 
become available for treatment of pyogenic infections. Those with a high thera- 
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peutic index like tke sulphonamides or penicillin may be used for both systemic 
and local treatment, while active but more toxic substances, like tyrotbricin or 
the acridine compounds are fit only for local application — usually to open lesions 
(see Chapter 6). 

It is beyond the scope of this chapter to discuss the chemotherapy of pyogenic 
infections in any detail. The sulphonamides have been extensively used, and 
have proved to be effective in the treatment of streptococcal infections. Staphylo- 
coccal infections also respond, particularly to compounds like sulphadiazine and 
sulphathiazole. Streptococcal septicsemia appears to be more readily infiuenced 
than staphylococcal septicaemia by the sulphonamides. These drugs are less 
effective against infections by Gram-negative bacilli, though their cKnicai effect 
is by no means negligible, especially in infections of the urinary tract (see Spink 
1942). Penicillin is particularly effective in staphylococcal and streptococcal 
infections (see, for example, Christie et al. 1944, Dawson and Hobby 1944, Herreli 
1944, Bloomfield et al 1944). 

Local therapy of abscesses, skin lesions, infected wounds, and so forth is practicable, 
and may be necessary when, for various reasons, it is impossible to maintain a blood 
concentration of the drug sufficient to ensure a therapeutic concentration in the infected 
organ. The efficacy of local sulphonamides upon susceptible bacteria depends in part 
upon their solubility, their activity at the pH of the infected lesion, and the extent to 
which they are antagonized by substances present in exudates and pus (see Chapter 6). 
Their toxicity for tissues is low. PeniciUin preparations are almost entirely non-toxic, 
and are not conspicuously antagonized by exudates and pus. (Por references see Memor- 
andum 1944). Among other substances that appear to be of value in the treatment of 
open septic infections we may note t 3 rrothricin (see Herreli and Heilman 1941, Pammel- 
kamp 1942) ; propamidine (Thrower and Valentine 1943, Clark et al. 1943), and acridine 
compounds (Mtchell and Buttle 1942, Browning 1943). 

It should be noted that in the chemotherapy of mixed infections, the relatively insus- 
ceptible organisms like Bact. coU, Proteus vulgaris and Ps. fyocyanm^ which remain in the 
lesion after the suppression of the pyogenic cocci, may cause serious and sometimes fatal 
infection. 

Jensen and others (1939) reported that the introduction of sulphonamide into com- 
pound fracture wounds protected against subsequent infection; and both local and 
systemic sulphonamides have been used prophylactically in wounds and in the peritoneal 
cavity at operation (see Spink 1942). It is difficult to assess their value in preventing 
the infection of w^ar wounds, where there are so many factors, including concomitant 
methods of treatment, to take into account ; but there is a general consensus of opinion 
that they are of value (but see Meleney 1943). 

The induction of drug-fastness in bacteria subjected to less than bacteriostatic 
concentrations of antibacterial agents is a possibility to be borne in mind in the 
treatment of open lesions. There are on record a number of ward epidemics of 
streptococcal infection of burns and wounds, caused by a drug-fast strain of Sir. 
fyogenes (see Colebrook et al 1944} ; but, though there was in each case ample 
opportunity for the therapeutic induction of drug-fastness in the epidemic strain, 
no proof that it had become drug-fast under these conditions was in fact forth- 
coming. 

Serotherapy. — The probability that staphylococci exert their deleterious action 
on the tissues by means of toxins holds out some hope of the value of serum treat- 
ment. There is evidence (Chapter 46) that resistance in the experimental animal 
to the bacterial infection is associated with a high antitoxin content of the blood ; 
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tMs presumably acts by protecting tbe cells of the host against the necrotid effects 
of the a-toxin elaborated by the invading Staph aureus (see Bigdoii 1936 Anti- , 
toxic serum, capable of neutralizing the haemolytic, sMn-necrosiiig, lethal, aad ", 
leucocidai properties of the toxin, can be prepared by inocnlatioii, of horses with 
formolized, and later with pure, toxin. Its a-antitoxin conttiiit can be titrated 
in one or other of the following ways, 

(1) By testing mixtures of toxin and antitoxin fur their hoDra^slyti^^ artivity towards 
rabbit red blood corpuscles. In practice the test dose of toxin 'LH| is dctoTmined wfiirli^ 
when mixed with one provisional unit of antit«>xm, causes partial h.emulv-nis j this 
dose is then used for titrating the unknown antitoxin ; ( 2 ) by InociiLitlng Vjxjii-antitoxin 
mixtures in 0*2 ml. quantities intracutaneously into guinea-pigs of SW-iw grams. The 
Tjt 

test dose ~ is the quantity of toxin w'hich, when mixed with 0*1 provisional unit of 

toxin, causes a small but characteristic necrotic lesion in 24--48 hours ; fS/ by inocuktiiig 
toxin-antitoxin mixtures in 0*5 ml. quantities intravenously into mice. The test dose 
employed is that quantity of toxin which, when mixed with one provisional unit of anti- 
toxin, causes death of half the mice within three days ; (4) by inoculating toxin-antitoxin 
mixtures in 0-5 ml. quantities intraperitoneally into mice. The procedure is similar to 
method (3). The international unit is now defined as the specific antitoxic activity <*on- 
tained in 0-5 mgm. of the dry standard preparation preserved at the National Institute 
for Medical Research, London. (See Hartley and Smith 1935, Smith 193S). Antisera 
also contain variable amounts of antibody to the leucocidin described by Fanton and 
Valentine (1932), who ascribe the beneficial effects of staphylococcus antitoxin in part 
to its anti-leucocidin content (see. also Valentine 1936), As mentioned on p. 616, this 
leucocidin is to be distinguished from the Neisser-Wechsberg leucocidin, which is reported 
to be sinular to the a-toxin. 

Though staphylococcal antitoxin has been generally available for some years, 
information about its value is scanty. It appears to be most effective in the 
treatment of severe local or generalized infections accompanied or likely to be 
followed by septicaemia, though only in a proportion of such cases is there a favour- 
able response. The intravenous injection of large doses, in some instances totalling 
6(X),000 units, is recommended, together with drainage of accessible lesions, whether 
in the soft tissues or bones (Holman 1934a, b, Joyner and Smith 1936, Baker and 
Shands 1939). Goldberg and Bloomenthal (1941) report a synergic action of anti- 
toxin and sulphonamides in the treatment of staphylococcal ^pticaemia. 

Julianelle (1939, 1942) reports a beneficial effect in severe staphylococcal 
infections of an antiserum prepared against Type A staphylococci ( w Chapter 25), 
most marked in cases of osteomyelitis accompanied by septic»mia, 

Antiscaxktinal (antitoxic) and the ordinary type of antistreptococcal 
serum, which have already been described in relation to the treatment of scarlet 
fever and puerperal sepsis (Chapter 66), have on the whole given disappointing 
resulte in ca^ of &eptic»mia. 

YwmmMmu — ^Exanunation of the blood serum of man and aniimls has shown 
the presence in small amounts of natural antitoxin to staphylococci (see Bryc» 
and Burnet 1932, Parish, 0*Meara, and Clark 1934, Murray 1^, N^lis and Poncelet 
1935, Gemez and Pannequin 1937, Wem 1939). In normal human adulte 
new-boni baM« the antitoxin titre expr^^ in terms of intemstional imiiB is 
gener«dly about units per mL In patiente suffering from superficial 

, 8 tephyIo(MKX 5 al infections, such as acne, blepharitis, furunculoris, and syixms, 
tiie' titee Is veiy riightiy h%h^ or praotic^y unaltered. In omm of 
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earlmsieiei tlie tit re is often sliglitly raised, while in cases of chronic osteomyelitis it 
is generally Mtili, tliougli not always so (see Blair and Hallman 1935--36), and may 
reach 15 units or more per mi. Experimentally and clinically it has been found 
that treatment of animals and patients suffering from chronic staphylococcal in- 
fections with formolized tuxiii— toxoid — but not with staphylococcal vaccines, is 
often followed by a rise iu the antitoxin titre and considerable improvement in the 
local condition ; though there seems to be no definite relationship between the 
absolute titre attained and the retrogression of the infection. The preparation of 
the toxoid requires care, and strict precautions must be taken to ensure its innocuity 
and its antigenic potency (Dolman and Kitching 1935, 1936, Smith 1936, 1937, 
Farrell IMi). The dosage recommended by different workers varies somewhat. 
Dolman (1933, 1935) starts with a dose of 0-05 ml., increases by 0*05 ml. weekly, 
til at the eighth injection 0*5 ml. is given. If a second course of injections is 
needed, it is probably wise to rest the patient for a month or two. There seems 
to be fairly general agreement now that toxoid is of considerably more value than 
vaccines of whole staphylococci. Furunculosis and staphylococcal skin lesions 
appear to be particularly benefited by toxoid treatment. The results have been 
disappointing in chronic osteomyelitis (Biair and Hallman 1936, Buchman 1937). 
In cases of acne, staphylococcal toxoid may w'eli be combined with a vaccine of 
C. Qcnes. (For reports on this method of treatment see Dolman 1933, 1935, Dolman 
and Hitching 1935, Connor and McKae 1934, Parish, O’Meara, and Clark 1934, 
Murray 1935, Whitby 1936, Bamon et ah 1936, Mercier 1937.) 

Vaccines of Bad, coU and of Proteus vulgaris are sometimes of use in urinary 
infections. For further discussion of the value of vaccine treatment the reader is 
referred to the monograph by Dudgeon (1927.) 
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CHAPTER 68 


THE BACTERIOLOGY OF RHEUMATIC IXFECTIONS AXD 

OF ENDOCARDITIS 

The attempts which have been made to solve the problem of the mtblogj of acute 
and chronic rheumatism are legion, and the literature is eorrespoiidiiigl v extensive. 
An adequate review is impossible, and would iraleed serve no useful purpose ; 
for the whole subject is at the moment too confused and obscure to allow of any 
systematic presentation. It may be said that, while most of the earlier observations 
that yielded positive results tended to inculpate one or another type of s treptococ e us, 
the present position of this problem is that interest is focussed on the relation of 
hsemolytic steeptococci to acute rheumatic infection. The earlier studies have, 
for the moment at least, mainly a historical interest, and may therefore be very 
briefly summarized. 

Westphal, Wassermann and Malkoff (1899) isolated a streptococcus from the blood 
of a patient suffering from rheumatic endocarditis asscK.%ted with chorea. In the fol- 
lowing year Poynton and Paine ( 1900, 1913) published the first of their series of papers, 
in which, on the basis of extensive bacteriological studies in man and numerous experi- 
ments on the rabbit, they reached the conclusion that acute rheumatism is the result of 
infection with a particular variety of stmptocoecus, or mth a closely allied group of 
streptococcal strains. Since the appearance of their reports, the bacteriologist has been 
mainly concerned with repeated attempts to determine the mal nature of the associa- 
tion between certain types of streptococci and this paxtieular disease. The observations 
of Poynton and Paine, with regard to the isolation of streptococci from the blood, 
exudates, or tissues of patients with acute rheumatism have been repeatedly confirmed 
(Beaton and Walker 1903, Walker and Ryffel 1903, Loeb 1908, Camisa 1910, Beattie and 
Yat^ 1912, R<Benow 1914, Lyali 1914, Swift and Kinselia 1917, Quigly 1918, Clawson 
1925, Birkhaug 1927, Small 1927, Zins^r and Yu 1928, Kreidier 1928). The distribution 
of these streptococci in the body is not, however, such as one would expect on the awunp- 
tion that the rheumatic manifestations are the result of a bacteraemic infection, aaociated 
with, or followed by, a localized proliferation in particularly susceptible imam. In very 
few mstanoM have the streptococci been cultivatad from the joint fluid in acute rheumatic 
arthritis. Isolation from the blood during life has been succasrful in a somewhat larger 
proportion of mm ; but a mnsiderabl© number of the strains dwribed by various authors 
have been mdtivated at autopsy, from the blood, from the pen^rdial fluid, or sometimes 
from the ^leea. Moreover, tiie fmmoQ of streptococci in the blood, exudate or interoal 
twuw is by no m«ms a (instant feature of acute rheumatic infection. In a large pro- 
portion of c»SM OTltuxes obtained during life remain uniformly sterile, imd mrafiil bacterio- 
kfical examinations carried out at autop^ on patients who have died from an acute 
attek may give entirely native rwiits (Bulloch 1912). The re|K>rl by Cfedl, Mcholls 
and Steinsby b) that skeptococci 'Could be isolated from the bkicKi of a high pro- 
prn-titm of rkmnatic ^tients by the use of a special techniqu© ^ve a 6^ impetus to 
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work alf>n 2 tlie'^e lines ; but there has been an almost entire failure to confirm their results 
hee Xye and Seega! 1929, Xye and Waxelbaum 1930, Margolis and Dorsey 1930, Cooley 
1932, Dawson, Olmstead and" Boots 1932a, Lichtman and Gross 1932, Steinfeid 1932). 

To simmnrim : it is seldom possible to cultivate any bacteria from the local 
lesions during life ; blood cultures remain sterile in a large proportion of cases during 
the fe!)rile stage of the disease ; but, in either case, when any bacterium has been 
isolated, it lias almost invariably been a streptococcus ; cultures obtained at autopsy 
have, as would be expected, given growth in a higher proportion of cases, though 
by no means in all, and here again a streptococcus has been the predominating 
organism, either in pure culture or in association with those bacteria which occur 
as common, non-specific contaminants of cultures taken under these conditions. 

With regard to the particular type of streptococcus concerned, the great majority of 
the strains isolated have been definitely described as non-hsemolytic, that is, as not giving 
rise to true hamolysis. In many cases, probably in the majority, the organism has been 
identified as Sir, liridans by the green coloration given on blood agar ; in others, and 
particularly in some recent reports, the strains described are recorded as being without 
action on red blood corpuscles. 

From the experiments of Poynton and Paine onwards, the study of the lesions produced 
in rabbits by the intravenous inoculation of streptococci has played a large part in the 
bacteriological attack on the problem of rheumatic infection. The results of these exten- 
sive series of observations may be very shortly summarized. Many of those lesions which 
are characteristic of rheumatic infection in man have been reproduced in the rabbit as 
the result of such inoculations. The experimental lesions include endocarditis, non- 
suppurative myocarditis, and arthritis of all degrees of severity, sometimes associated 
with extensive, secondary bony changes (Poynton and Paine 1900, 1913, Cole 1904, Wachter 
1W8, Bracht and Wachter 1909, Coomli et aL 1912, Jackson 1912, Rosenow 1914, Topley 
and Weir 1921, Birkhaug 1927, Small 1927, Grc^s et al 1929, Clawson 1930, Moon and 
Stewart 1931). But although the analogy between experimental rheumatism in the 
rabbit and the natural infection in man is very close, it is not exact. This applies par- 
ticularly to the myocardial lesions. Aschoff (1904) described in detail characteristic 
nodular eollectionB of oelb in rheumatic myocarditis, and his observations have been 
fully confirmed by later workers (Geipel 1905, 1909, Fraenkel 1912). In spite of a certain 
rMemblance between some of the myocardial l^ons in rabbits and the typical Aschoff 
nodufe (Oeomte et at 1912, Jackson 1912), it is very doubtful whether the rabbit lesions 
can be n^arded as pathognomonic (Wachter 1908, Bracht and Wachter 1909, Topley 
and Weir 1921, Grow ei al. 1929). 

However clo»ly experimental stieptococcal infection in the mhbit simulates acute 
rhenmatian in man, it is quite certain that the ability to produce these lesions on intm- 
vittMKjis hiaculatloii cannot be regarded as evidence that a particular variety of strepto- 
is «t»l«^«lly related to the human dis^ise ; for many of the streptococcal strains 
wMoh ^ve produced the mc^t characteristio lesions in the rabbit have been derived from 
quite UBCcmnectei with rheumatic infection, and some of them have been actively 
hiiiholytic (Cote Jackson 1912, Topley and Weir 1921). It is (fimr that experiment 
rheumatism in the rabbit is a characWlstio reaction of that animal species to the intra- 
'fwm fepeuktkm <£ m variety of diffwmt streptococci 

Befort' leaving the proHem of the possible rdatdrm of th^ heterogeneous strains 
of 'Ste|itooo«i te rheumatic disw^sw it should be noted that many observers have 
the pcwtbiKly that some forms of rheumatism, at least, are aller^o 
Thfe view has, for iMtanoe, hwn develop^ by 'Zinger and' Yn 
ioiiaie iapport fibom the relative, fteqteiM^ of alle^^b skin 
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reactions to killed cultures of streptococci of various tjpe*^ (see, for iiistaiice, Swift, 
Wilsoa and Todd 1929). 

Hypersensitiveness to the antigens of various fetreptoc*oeci is ako eoEiiiion in nciii- 
rheumatic subjects (Derick and Fulton lOSI), and on this basis it is difficult to ndate 
the alergic state to rheumatic fever. Other observers (see Green i9-l2d) have found 
that rheumatic subjects are more frequently sensitive to extrac-t^ of streptococci and 
particularly of Sir, pijogems than non-rheumatic subjects are. Thus Gibson, Thomson 
and Stewart (1933) recorded a higher proportion of skin reactions to extracts of haemolytic 
streptococci among 140 rheumatic cases than among 145 eontroL», x^'lien-*as there was 
no signilicaiit difference between the skin reactions of thf^se groups to extracts of non- 
hemolytic streptococci. On the other hand the Dick reaction was positive in only 16 per 
cent, of the rheumatic cases as compared with 28 per cent, of the controls. The test 
extracts contained protein material, but the nature of the responsible antigen is not known. 
The greatest number of positive reactions %ms obtained in tests with extracts of auto- 
genous streptococci, wffiich suggests some type-specificity ; but mixed extracts from 
several Sir > pyogenes Bimjm also gave a large number of p^itive reactio!is (Green 
and the reactivity of extracts from other streptococcal species iiidicates the pc^ssibliit}' 
of hypersensitiveness to an antigen common to them all. 

It will be recalled that serum sickness in man is often assoidated with minor 
rheumatic manifestations. 

Much of the confusion in. regard to this problem is without doubt due to the 
difficulty of defining, or recognizing, rheumatism as a clinical syndrome, or series of 
syndromes. We have, in the previous discussion, been mainly concerned with acute 
rheumatic fever, where the clinical diagnosis is not in doubt, and it is to the aiiology 
of this condition that the following sections refer. 

The Role o! Heemolytic Streptococci in Acute Rheumatism. — The possibility 
that acute rheumatism is one of the manifestations of infection wdth hiemolytic 
streptococci was raised in a definite and categorical form by the studies of Coburn 
(Cobum 1931, 1936, Coburn and Pauli 1932a, b, c, 1935a, 5, c, d, e, /, p). 

The starting-point of these studies was the observation of a close epidemiological 
relationship, in place and time, between hiemolytic streptococcal infection of the 
throat and the incidence of acute rheumatic infection. Cobum (1936) identifies 
three phases in the pathogenesis of the disease ; a phase of acute infection of the 
upper respiratory tract, a second phase in which there is complete absence of signs 
and symptoms, and a third phase of the rheumatic manifestation proper. It 
was also found that, in individual cases, a relapse was frequently associated with 
the reappearance of haemolytic streptococci in the throat in large numbers. In 
instances in which this sequence was particularly studied, it was found that acute 
rheumatic symptoms tended to develop 1 to 5 weeks after the original appearance of 
haemolytic streptococci in the throat. 

These observations have been amply confirmed by other workers. Thus Collis 
(1931) notes that an outbreak of tonsillitis in a ward occupied by cbildren suffering 
from rheumatic heart disease led to a relapse in 9 of 11 children who developed this 
throat infection and from whose throats a hsemolytic streptococcus was isolated. ; 
and Grlovex and Griffith (1931) describe outbreaks of ton^litis in rehools due to 
hmmolytic streptococcal infection in which a proportion of the infected boys deve- 
loped al the symptoms of acute rheumatic fever (see also Schlesinger 1930, Sheldon 
1931, 'Thomson 1934^ Green 1942a, b, c). The association between tonsillitis 
and acute rheumatism is, as Glover and Griffith emphasize, quite an old observation 
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in its purely clinical aspect, and Newsliolme in 1895 called attention to the simi- 
larity in epidemiological behaviour between rheumatism, erysipelas, puerperal 
fever and scarlet fever. As in the case of scarlet fever, the effect of recent studies 
has been to add precision to this observation by establishing the fact that the true 
relationship is between acute rheumatism and infection with haemolytic streptococci, 
which have proved to be Str, fyogenes of Lancefield’s Group A (see Pauli and 
Cobum 1937). 

Thus Green (19385) records that of 200 rheumatic subjects admitted to hospital, 
5l)-5 per cent, carried Group A streptococci in the throat, irrespective of any signs of throat 
infection ; the rate in 200 non-rheumatic patients was only 12'5 per cent., although the 
incidence of a recent history of throat infections in both was approximately the same. 
An even closer association of the disease with Str, pyogenes was demonstrated by Green 
(1939), who cultivated it from the valvular lesions, but not from the blood, in 8 of 9 fatal 
cases of rheumatic fever ; in the cadavers of 22 non-rheumatic subjects, Sir, pyogenes 
was found on the valves only twice, and in these two cases blood cultures were also positive. 
GoHis (1939) examined only rheumatic cases, and found hsemolytic streptococci in 14 of 
15 tonsils, 13 of 27 cervical or mediastinal lymph nodes, and 22 of 42 heart valves cultured 
(see also Thomson and Innes 1940). In the Canadian army about 4 per cent, of persons 
suffering from streptococcal infection of the respiratory tract are said to have developed 
acute rheumatism. Of throat cultures taken from 46 patients, 14 yielded no streptococci, 
2 yielded Sir, viridam, and 30 yielded haemolytic streptococci, aU of which, writh one 
possible exception, belonged to Group A (Feasby 1944). 

The signihcance of the epidemiological findings is greatly increased by sero- 
logical evidence of infection by Btr. pyogenes, Todd (1932) showed that the acute 
rheumatic process is almost constantly associated with a wide fluctuation in the 
titre of antibody to the 0 streptolysin in the blood of the patient. This fluctuation 
is of a rather peculiar kind, in that the rise in titre occurs during the acute rheumatic 
attack, and particularly during a relapse, while quiescent or recovered cases tend 
to show titres that are not greatly above the normal. These observations have 
been confirmed by Cnbum and Pauli (1932c, 1935a, c, /). 

I^ter observations showed that the stareptolysiu 0 titre rose in scarlet fever and strepto- 
oocml pharyngitis. The response in th^ two diseases is at a maximum two to three 
weeks after thdr on^t ; that in rheumatio fever occurs rather later — 4 weeks or more 
stfer the matt (CJobum 1936, Cobum and Pauli 19395, Todd, Cobum and Hill 1939). 
6r»n (IMl) pvw 79 unite per mL as fhe average Mtare in healthy subjects, 263 in pharyn- 
gifis, 300 in waydel fevw, and 210 in inactiTe, and 444 in active rheumatic fever, 

fe otiter evidenoe of a s^logical response to the antigens of 8tr, pyogenes, 
A^lntinating wmifemientifixing antibodi^ for hsemolytio streptococci (Cobum and 
Paul 1132c), antifilKmolysin (Stuart-Haxris 1935, lachty 1941, Mote and Jones 1941), 
ttd preeiptin® fcr poup and type spemflc antigens of Group A streptococci (Swift and 
B[o%© 1^6, Ck>bim PauH 193^, Mote and Jones 1941) resmible anti-^str^tolysia 0 
in twarriog later in daemnati© fever timn, in otiier' steeptococMsal infections* 

Bie te 8 (^ Ciiapter 24) is an «ceptic®t to thk geneiralkation. 

In piiteetote witii sIreptiKsoocsd infecticin and rheumatic tever, in the 
wibjwi It is in the aoaite Stage, though to nonnal levdte (Tod(b 

Oobrnm ffil It Awdd be meted tibat rAttivdy high antibody levdb may be 

in tottity pewms witii m hMocy of recteit by stir^tooooei 

19©;)® tite 'iwelaticm l^tween antilK>dy a.Ttd rh^maatio 

tefw te mi4 ; in a smafl numb^ of typeal rheumatic attaAs may take 

ehan^ In antibody 
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There are many indieations that an important genetic factor is concernedj and 
that certain individuals have a special tendency to respond to mfection with 
hffimoiytic streptococci in this particular way (see Green 1942Cj Wilson, Schweitzer 
and Lubschez 1943). 

In mmmary, the evidence that haemolytic streptococci play a significant part 
in the pathogenesis of acute rheumatic infections is strong, bat it is by no means 
complete. An initial streptococcal phar}mgitis is common, but may be absent 
in a few cases. In recent years, hsemolytic streptococci have been found in rheu- 
matic lesions, but not in all cases ; these results are in marked contrast to those 
of earlier workers. There is further support for the role of hsemoljtic streptococci 
in the fact that the prophylactic administration of sulphonamides to rheumatic 
subjects has, in a number of controlled tests, apparently reduced the incidence 
both of streptococcal infections of the upper respiratory tract, and of the rheumatic 
recurrences that usually follow them (Coburn and Moore 1939, 1941, Thomas 1942, 
Hansen, Piatou and Dwan 1942, Kuttner and Reyersbach 1943, Feldt 1944). 
The serological response to various antigens of hmmolytic streptococci is also 
suggestive, but here again it is not an invariable concomitant of rheumatic fever. 
From the lack of an antitoxin response in the rheumatic subject, and from the 
failure of immunization with Sir. pyogenes toxin to prevent the development of 
acute rheumatism (see Coburn and Pauli 1935a), we may conclude that the erythro- 
genic toxin plays little part in the disease process. The probable participation of 
other soluble antigens is suggested by the reports of a reduction of rheumatic 
recurrences in children immunized by repeated doses of filtrates prepared from 
cultures of hsemolytic streptococci (see Wasson and Brown 1942). 

Even though we accept the broad indications of the streptococcal role in acute 
rheumatism it is clear that, compared with typical infections like pharyngitis or 
scarlet fever, the rheumatic response to the streptococcus is curiously delayed. 
The cause of this abnormality does not appear to lie in the organisms themselves, 
for they do not demonstrably differ from strains associated with other types of 
infection. Poverty, bad housing, urbanization, dietary deficiences and hereditary 
tendencies have all been implicated as predisposing factors (see, for example, Glover 
1939, 1943, Morris and Titmuss 1942), but are not easily interpreted in terms 
of a peculiar reactivity to Sir, pyc^mes. As we have seen in Chapter 54, there 
is little basis for implicating vitamin C deficiency as a major factor (see also 
Keith and Hickmans 1938). 

We may justifiably invoke allergy to explain some features of the disease ; but 
the qu^tion as to why a proportion of the persons infected with hsemolytic strepto- 
cocci should react in this peculiar manner remains unanswered. Cobimi (1940) 
su^«i» that the delayed reaction to the inilial streptococcal infection is due to an 
inadequate response of the normal defence mechanisms, which permits the estab- 
lishment of streptocoroal foci in the tissues. The liberation of antigen from these 
foci results at fimt in allergic sentitization, and, at a lata: stage, in a concurrent 
stimulation of the antibody-forming apparatus and in acute alei^c inflammation 
in other senstirod tissues. The observation of Cohum and Pauli (1939a) that, 
in the quiocent stage after the initial pharyn^tw prior to the onset of the rheu- 
matic attack, a substance preripitinogen appeam in the blood, which is 
s|)«iiflc»lly precipiteted by sera t^en from the same patient or from other patients 
in thr late acute rheumatic su^^te the repla<»ment of a circulating antigen 

by wi imtibody for it, and to this extent at least offers additional support 
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for Coburn’s view. Tbe ** precipitinogen,” however, has not yet been identified 

with any known streptococcal antigen. 

The ¥!ras Hypothesis.— Alternatively, we may postulate another infecting 
agent as responsible, either in conjunction with haemolytic streptococci, or inde- 
pendently of them. 

Schlesinger, Signy and Amies (1935) found that the deposits obtained by 
high-speed centrifugation of specimens of pericardial fluid from cases of acute 
rheumatism contained bodies which, in their size and general morphology, closely 
resembled virus particles. Eelatively pure suspensions of these particles in formol 
i^aline were agglutinated by sera from patients suffering from, and successfully 
resisting, an acute rheumatic infection, while they were not agglutinated by normal 
sera, or by sera obtained from patients suffering from non-rheumatic infections. 
The authors did not dispute the importance of h8Bmol}d}io streptococcal infections 
in relation to acute rheumatism ; but concluded that such infection in some way 
lowered resistance to invasion with the virus, or reactivated it if it was abeady 
present (see also Schlesinger, Signy and Payne 1935). 

Subsequent workers were unable to confirm the virus-like nature of these bodies or the 
specificity of their association with acute rheumatism. The bodies were present, but not 
consistentlj, in the cerebrospinal fluid of patients with chorea, and the joint fluids in 
rheumatoid arthritis (Eagles et al. 1937). 

The formation of agglutinins for these bodies, moreover, was found to be associated 
with arthritis, whether rheumatic, rheumatoid, gonococcal or pneumococcal and not with 
the specific rheumatic state (Eagles and Bradley 1939). Attempts to reproduce rheuma- 
tism experimentaly by inoculating fresh rheumatic exudates containing the bodies into 
the joints or the pericardial dlivity of monkeys, proved fruitless (Eagles e^ dl. 1938). 

Bheumatold Arthritis. — It may be noted that there is both epidemiological and sero- 
logical evidence that rheumatoid arthritis is associated with h 8 emol 3 rtio streptococcal 
infecticm; Mgh i^lutinin, precipitin and antistreptolysin titres have been reported in 
patiento suffering from this disease (Dawson, Ohnstead and Boots 19325, Dawson, Ohn- 
gtead and JcMt 1934 , Dawson and Tyson 1936, Neil and Hartung 1937 ; see also Goldie 
193S). 

Baelmal Endocarditis 

Although this disease bears no immediate or necessary relationship to acute 
rheumatism, it is convenient to consider it in this chapter, if only because the 
isolation of non-bsemolytic streptococci from the blood stream in the more chronic 
of this Had has perhaps done sometHng to confuse the issue in x^ard to the 
c«»tion of simple rheumatic endocarditis. 

TbB Iw^teria m€»t commonly found in laige proliferating and ulcerating l^ons 
of the i«rl valves are fte various pyogenic cocci ; .hseniolytio streptococci, strepto- 
of the Sif* virMufm and /Sfer. fcmdis typ^ ; pneumooowi, gonococci and 
wmwBffmMm ; Sfopi. awfem^ StopA. (Ebm ,and 'miorocoafi of various kinds. Of 
olfer te4?toriay Iwwili of the SmmphMtis group occur witih the greatest frequency 

infm^rioiw wiSi members' of the Badmum 
' and with salmonellse, bnn^Ito, wrymebacteria,, 'dk^taidia 

Mote IIIS) and m fortib, l»ve,occa»B.aHy 'been r^ort^ 

In number of instoimee, lie «adocardi& is apiwren^' »ccmdary 'to in£e«riacm 
m fte body> iwaaiy tfce mom pariic%«m ca^^a&nm'like SfeifA. tmmm, 
ti» pniwumcwom 1m o1h^» ttit hmxk vulvas 
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is apparently primary, and usually runs a less acute, thougli no less fatal course 
tlian that in the first group. 

Subacute Bacterial Endocarditis. — There can be no question that this fatal 
disease is due in the great majority of cases to the infection of a previoiLsly damaged, 
or coiigenitaliy abnormal, valve with streptococci, either of the viridans or of the 
enterococcus type (see Moran 1938, Swain 1940, Solowey, 1942), though other 
organisms, including influenza bacilli and H, fara-wfiuenzm^ may occasionally be 
concerned (see, for instance, Horder 1908-9, Schottmiiller 1910, Kreidler 1926, 
Stuart-Harris et al. 1935, Miles and Gray 193S, Khairat 1940). 

Our knowledge of the pathogenesis of this condition was greatly advanced 
by the important studies of Lewis and Grant (1923), Grant (1924), and Grant, 
Wood and Jones (1928) on the pathological side, and by Okeli and Elliott (1935) 
in regard to the probable source and mechanism of infection. 

Lewis and Grant (1923) found that 26 per cent, of an unselected series of cases 
of subacute bacterial endocarditis had a congenitally bicuspid aortic valve ; and 
they calculate, on the basis of their experience, that of these persons with con- 
genitally bicuspid aortic valves who reach adult life, some 23 per cent, die of sub- 
acute endocarditis. Grant (1924) and Grant, Wood and Jones (1928) descdbed 
the lesions of this disease in considerable detail, and gave reasons for believing 
that they are usually produced by direct infection of the endocardium from the blood 
stream, and not from embolism of the smaller vessels, where these are present in 
the endocardial and sub-endocardial tissues attached. In fact, the essential 
predisposing lesions, in which the circulating bacteria establish themselves, appeared 
to be small platelet thrombi on the valvular surfaces. Allen and Sirota (1944) 
concur in finding predisposing lesions, but consider that their essential feature 
is a degenerative process primarily involving collagenous tissue. On the other 
hand, McNeal, Spence and Slavkin (1944), in their study of experimental strepto- 
coccal endocarditis in the rabbit, report that circulating bacteria are ingested by 
the endothelial cells of blood vessels all over the body, including those covering 
the valves of the heart. The valves become infected because, unlike the rest 
of the vascular endothelium, that on the valves is not bactericidal, and is con- 
sequently damaged by the ingested cocci. The injury is then covered by a deposit 
of fibrin, which, by protecting the ingested streptococci, enables them to set up a 
local infection. 

Okell and Elliott (1935), approaching this problem from a different angle, 
endeavoured to find a source from which the infecting streptococci might be derived. 
Before extraction of the teeth, they found streptococci in the blood of 12 of 110 
imtients suffering from moderate or extensive gum disease, but in none of 68 persons 
with healthy gums. After extraction, the incidence of positive blood cultures 
rose, but the bacteiffiinia observed was transitory, since the blood became sterile, 
often within ten minute of becoming infecW.- Tranaent bacteremia of this 
Mnd occurred in 72 of 100 patients with gum disease, aud in 12 of 38 patients 
without obvious gum disease. The majority of cocci isolated were of the 8tr, 
wMkms type. Thw findings have b^n amply confirmed (for references see 
Pr«maaii and Bender 1944) ; transient bactexsemia may foEow even light manipula- 
tion of infed»d teeth. The same sequence has been observed after operative 
manipiilaiion of other infwted sites — the cervix utm (SchottmiiEer 1911), the 
'urethra {Barrington and Wright 1930), joints, tonsils and prostate (Richards 1932), 
the orgaaelOT. found d^paa^ding cm the nature of the infection. Tonsinectomy 
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approaches tooth extraction in the frequency with which it is followed by a Str, 
viriiarts haeterffimia (see Fischer and Gottdenker 1936, Elliott 1939). 

It would seem, therefore, that in any person with oral or tonsillar sepsis, there 
is likely to be an occasional leak of streptococci into the blood stream, leading to 
a transitory bacter»iiiia, this leak being temporarily intensified as the result of 
operative procedure. These streptococci are, in a normal person, rapidly removed 
from the blood stream and cause no serious damage to the tissues ; but if they 
come in contact with a congenitally defective heart valve, or a valve already dam- 
aged as the result of rheumatic infection, or a valve in which degenerative changes 
have occurred, they may set up a lasting and slowly fatal infection. 

There are recent reports of the cure, by both sulphonamide compounds and 
penicillin, of this normally fatal disease. Heparin is sometimes given as well, 
to prevent the deposition of fibrin on the surface of the infected lesions during 
treatment (see Loewe et al. 1944). The data, however, are as yet too scanty to 
permit any conclusion about the value of chemotherapy. With regard to prophy- 
laxis, attempts have been made to minimize the risk of the bactersemic showers 
induced by manipulation of infected lesions in the body. Pressman and Bender 
(1944), for example, report that sulphanilamide, though it does not reduce the 
incidence of the transient bacteraemia following tooth extraction, appears to hasten 
the subsequent sterilization of the blood stream. 
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CHAPTER m 


ENTERIC INFECTIONS 

Amokg the clinical records left by medical writers from Hippocrates onwards, 
we have little difficulty in recognizing cases which can, with reasonable certainty, 
be identified as instances of enteric fever. The separation of this type of infec- 
tion from the mass of continued fevers was, however, a slow' process ; and it was 
only during the first half of the nineteenth century that typhoid or enteric fever 
finally emerged as a clinical syndrome from among the mass of continued fevero 
with which it had previously been confused. Various differences in khaviour 
between typhoid fever and the prevalent typhus, gaol, or famine fever had indeed 
been noted at much earlier dates. Among these pioneers were Willis (1659) and 
Huxham (1739) ; but their descriptions were not sufficiently detailed or com- 
plete to carry general conviction. As noted by fteighton (1894), the final recog- 
nition of enteric fever in this country resulted from the elaborate analysis of the 
symptoms of the different types of continued fever carried out by Sir William 
Jenner between 1849 and 1851. In Germany, the differentiation of typhus from 
typhoid was clearly recognized by Schoenlein (1839), under the names “ Typhus 
exanthematicus ’’ and “Typhus abdominalis,” which have maintained their 
position in German literature. In Prance, the observations of Prost (1804), and 
particularly of Petit and Serres (1813), afforded what was probably the first 
accurate description of the intestinal lesions; though many earlier records of 
post-mortem findings are in existence. These observations were confirmed and 
extended by Bretonneau (1826), Louis (1829), and Chomel (1834)~(see Gay 
1918). 

The most striking contribution to our knowledge of the natural history of 
typhoid fever, before the opening of the bacteriological era, is xmdoubtedly that 
made by William Budd (1856, 1873) of North Tawton in Devon. Budd had 
studied under Louis at the La Pitid hospital, and was therefore in a potion to 
identify typhoid fever with considerable confidence. He insisted on its spread 
by contagion, on the fact that the infective agent was excreted in the bexm, on 
the rSle played by the contamination of water and milk in the epidemic spread 
of the disease, and on the pcmbility that infection might be derived from the 
excretions of a conval^cent patient. His writings afford an admirable example 
of the value of accurate observations, carried out in the spirit of the field naturalist. 

With the desmiption of the typhoid bacillus by Eberfch in 1880, and its 
isolation by Gaffky in 1884, it be«me posable to attack the problems of enteric 
kfecticm by the methods devised by the Imcterioh^ist. The snbs^wnt isolation 
and study of the various spojies of para^hoid batiUi showed that entmic fever, 
tiiough a clinical ^drome, might result from infection with sefveral distinct, though 
rekted, bantmM specim. For a de^r^on of these qteoM refermice may 
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be miMle Cbapter 3^3. The studies of recent years have yielded a considerable 
mass uf data with regard to the distribution, in place and time, of the various 
baeti'ilal types of enteric infection ; and this point will be discussed later in this 
chapter. For the moment we may consider the results obtained in the detailed 
study of typhoid infection, in man and animals, taking them as representative of 
the behaviour of enteric infection as a whole, and noting certain exceptions for 
purposes of comparison or illustration. 

Bacteriology. 

During an attack of typhoid fever, the causative bacilli can be isolated from 
the f»ces (Pfeiffer 1885), from the urine (Hueppe 1886), from the rose spots of 
the eruption (Neuhaus 1886), and from the blood (Vilchur 1887). It may be 
noted that the intensive study of enteric infection in particular samples of the 
population, to which we shall refer later, has resulted in the demonstration 

that Balm. typJii may 
occasionally he culti- 
vated from the faeces 
during the incubation 
period, or even from 
the blood of an appar- 
ently healthy person, 
who may soon after 
develop the disease 
(Conradi 1907, Mayer 
1910). The demonstra- 
tion of specific agglu- 
tinins in the blood, 
° ^ ^ %eek of Disease. ® ^ ® usually attributed to 

. Percentage cf cases showing positive blood cultures. Widal (1896) (since 

... . agglutinins in blood. Griiubaum (1896), who 

C--0.-0 . . . yielding positive cultures fiom faeces, j^^ted their appearance 

Fic. 283. earlier, recorded his 

observations later), has 

mad© it possible to study the progress of this particular response to infection, 
and to correlate the results with those obtained in attempts to isolate the 

cauMtive organism. 

A very iirntructive picture of the usual course of evente during an attack of 
typhoid fever may be obtained by charting, for the successive weeks of the disease, 
the average frequency with which Bdm. typM can be isolate from the blood, 
or from the fsM»s, and the frequency with which the iSerum gives the diagnostic 
agglutimn rwlion. In preparing Fig. ^ along th^ lines, we have employed 
for the the figures of Gaahtgens and Brudmer (1909), extrapolating by takmg 
values beyond the 4th week inteimdhate betw^n them recorded by Semple and 
Qftig (1 W}, and tho» suggmted by tim finding of Ijentz (1905) ; for the blood 
the- figures recorded by Cbl^man and Buxton (1907), again extopointing beyond the 
4lh week ; and for ag^utinins the figuim given by Park and Williams (192^), 
As^indfeatrf in figure, the onset of symptoms is am»iated with a bac- 
Frmiii tlw Isl w^k onwards the frequency with which %yhi 

be ladaled from tike blcKMi Mis, at first dowly^'iheai; more rapidly. By tiie 
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end of tlie 3rd week it can be found in about half tbe causes ; after the 4tli 
week its isolation is infrequent. It must be remembered that we are dealing 
witii a frequency charts not with the course of events in any individual case. It 
may be taken that the frequencies noted for the results of blood culture after the 
4th week refer to cases which were febrile at that period, since such patients would 
naturally be selected for investigation. In any given ease^ it will usually be found 
that the decline of fever is associated with the disappearance of bacteria from 
the blood. In cases which terminate fatally as the result of the primary infec- 
tion, apart from the secondary accidents of haemorrhage and perforation, the 
severity of the bacteraemia usually increases until death (Jochmann 1914). 

The frequency of Salm. typhi in the fceces, on the other hand, increases 
from the 1st to the 3rd week and then fails somewhat slowly. The frequency 
curves for blood and fseces cross somewhere about the end of the Snd week. 
Before that time, the bacilli are isolated more frequently from the blood than 
from the faeces ; after it, the position is reversed. In attempting deductions 
from such figures as these, we must remember that differences in technique may 
have an important influence on our results. There are certain technical difficul- 
ties associated with blood culture, and with the isolation of pathogenic bacteria 
from the fseces ; but they are different in kind, and the technical error involved 
may be quite different in dfegree. The significant point is the decreasing fre- 
quency of detectable bactersemia, and the increasing frequency of Salm, iypM 
in the intestine, during the first 2 to 3 weeks. This clearly suggests that the main 
direction of invasion during this period of the infection is from the blood stream 
to the intestine, not from the intestine to the Hood. In the 1st week about 
^ per cent, of the cases give a positive agglutination test. The curve then rises 
sharply, crossing the blood-culture curve just before the end of the 2nd week, 
and still rising attains a value of 90 per cent, or more by the 4th week ; after 
which it remains at a high level for several weeks. 

Data are available which enable us to describe with considerable accuracy the 
course of the agglutination curve in an individual case of typhoid fever, plotting 
titre against time. The most extensive records, however — ^those of Dreyer and 
his colleagues — ^refer to resulte obtained with formolized broth cultures, which 
react chiefly to the H (flagellar) agglutinins (Dreyer et al, 1915, 1916, 1917). We 
have no such detailed information for the rise and fall of 0 (somatic) agglutinins ; 
but such evidence as is available suggests that the general form of the curve, at 
least over the earlier part of its course, is very similar to that followed by the 
H agglutinins. This question will be discussed more fully in relation to diagnosis. 
Bor our immediate purpose we may take it that agglutinins usually appear in the 
blood between the 3rd and 7th day of disease, rise, first slowly, then more steeply 
to a maximum between the 16th and 22nd days, and then Ml, at first steeply, later 
(at least in the case of the flagellar agglutinins) very slowly, so that they are detect- 
able for weeks or nionths after convale^enee (Figs. 260, 261, p. 1121). 

The rise in agglutinins is usually associate with a decreasing bacteKenaia, and 
the time at which the agglutinin titre reactos il» maxaminn coincides approximately 
with an amelioration in the patient’s geneM eonditianj, as indicate! by a gradual 
fafi in tempOTture. In this connection the agglutinin curve, so far w it is daseiibed 
In terms of H a^iutimns, should be regarded as- an indication of a general antibody 
Tmpmm, not as deiiving its tigai£<»nce feom tiie fluctuation in flageHax agglutinins 
tibemMlv^ There are, many reasons for bdievh^ that jmrticular antibodies 
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liave little if any protective value^ wMle the 0 agglutinins, and apparently tlie Vi 
antibody of Felix and Pitt (1934&), are of decisive importance from tMs point of 
view (see Chapter 47 and later sections of this Chapter). 

As Fig. 283 indicates, the bacilli do not disappear from the intestine so 
quickly, or bo completely, as from the blood. There is a lag, which is relatively 
constant over the early part of the falling frequency curve, but which becomes 
more pronounced later. A considerable proportion of cases are still excreting 
Salm. typM in their faxses at a time when positive blood cultures can no longer 
be obtained; and some cases continue excreting well into convalescence or 
beyond it. 

The results obtained in an extensive series of investigations, at the bedside, 
on post-mortem material, and by direct experiments on animals, have indicated 
the probable sequence of events during an attack of enteric fever. 

If cultures are taken from various situations during a post-mortem examination, 
the distribution of typhoid bacilli is usually found to be as follows. In the intes- 
tine itself almost pure cultures are frequently obtained from the duodenum and 
upper part of the jejunum. At lower levels the bacilli become less and less 
numerous in proportion to the other intestinal bacteria ; and, below the ileo- 
cecal valve, they may be so outnumbered by Bact coU, and by other organisms, as 
to escape detection in artificial culture (von Diigalski 1904). Outside the intestine, 
there are four situations in which Salm, typhi is almost constantly present, and 
from which it can often be isolated in pure culture : the spleen, the enlarged 
mesenteric glands, the bone marrow, and the gall-bladder. It has been pointed 
out by Levy and Gaehtgens (1908) that, while the mesenteric glands are always 
enlarged and cultures from them almost constantly positive, other glands are 
frequently unafiected. It is of interest to note (Mallory 1898) that the enlarge- 
ment of the mesenteric lymph* nodes is associated with marked proliferation of 
the endothelial cells of the lymph siniises, while the lymphoid cells are but little 
afiected. 

The intravenous moeulation of typhoid bacilli into rabbits or guinea-pigs is followed 
by their depoation in the liver, spleen, lymph glands, and bone marrow ; but there is, 
in tMs case, no elective localization in the mesenteric glands. LUdke (1909) noted the 
|»rsisten<» of typhoid bacilli in the lymphatic glands and bone marrow of the guinea-pig, 
foQowing intiavenons inoculation, and their pmliferation in th^e situations after their 
the Mood. Gay (1918) finds that typhoid bacilli persist in the bone 
MMTnw of infested rabbits after they have disappeared fiM>m the blood, lymph nodes and 
spleen. Beferenw to Oiapter 47 will afford additional data with r^ard to the fete 
of tjpfe»d after intravenous or intrap^ritoneal inoculation (Buxton 1907a, b. Bull 
IMS). 

The preface of typhoid bacilli in the gall-bladder is of particular interest, as 
wH later appMr* Von Fiitterer (1888) was^ apparendy the first to demonstrate 
that t^M could be isolated feom the gall-bladder in fatal oases of tl^ 

Gitet mi Giroie (18^) oonfinned i1» pr^enoe in this organ and 
Cfcwt flSW) notrf its feequent^. Bcatt (1901) isolal^ S^dm, typM from ithe 
gai-bladdet m %l of ^ fatel ol ^hoii fevmr, and 'Soott (191b) from 24 of 
® The for ihO' 'cwmdonal peraiatence of typhoid l»cilli in die 

hmg oonvafes^noe' Is dually ooadwve. Droba (1889) isolated 
'fame dte' ^grfl-bladdec csont^ts, and from the' intecicMf of the'ga}L 
rwowd ah 17 , fmm afte mx atowA ^ .fjrplicM 'fevm:*" Ifridlay 
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and Bmciiaiiaii (1906) isolated the bacillus from the gall-blacHer 2a years after 
an attack, and at the same time demonstrated it in the fseces. In some cases^ as 
in that reported by Dudgeon (1908), Saha, typhi has been isolated from the 
gall-bladder in a case of cholelithiasis, in the absence of any history of typhoid 
fever- The literature contains many instances of a similar kind (see Ledingham 
and Arkwright 1912, Gay 1918). 

The mechanism by which the gaihhladder iiiferted lias studied experi- 

mentally in rabbits. Bkchsteia fl89i ) found that bac-iili coulri be isolated from the gall- 
bladder of these animals for daj's, or weeks, after an intra^'t-nt^us ijiacuiation of living 
culture. Richardson (1899) recorded similar observations, and noted that some of the 
rabbits developed gall-stones, an observation which has been rep.\'ittdly conlirmed (Gay 
1918). The bacilli may reach the gall-bladder very rapidly after intraveiioiis injection, 
according to Blumenthal (1910) within 10 minutes. They may persist in this situation 
over long periods (Morgan 1911, Johnston 1912, Gay and Clay pole 1913). Weinfurter 
(1915) records an instance in which they were still present after 0 months. 

The most generally accepted view, as regards the route by which the bacilli reach 
the gall-bladder from the blood, is that they travel from the liver capillaries to tlie bile 
canaliculi, and thence down the bile ducts (Doerr 19iJ5, Leinierre and Abrami 1997, Nichols 
1916). It has, on the other hand, been stated (Koch 1999, Chiarolanza 1909) that 
they rapidly reach the gall-bladder even after ligation of the cystic duct, and that nests of 
bacilli may be found in the capillaries of the gall-bladder wall, suggesting that they pass 
directly into the viscus by this route. It is probable, as suggested by Gay (1918), that 
either route may be traversed. 

The picture that we have just given of the distribution of typhoid bacilli in 
the blood, feces, and tissues is based on results obtained by a technique which, 
in respect of feces at least, we know to be considerably inferior to that now at 
our command. It may well be that the frequency of typhoid bacilli in the intestine 
during the early stage of the disease has been considerably underestimated. That 
this is true of paratyphoid B fever, the observations of Glass and Wright (1937) 
leave no doubt. Using a combination of tetrathionate broth for preliminary 
enrichment, followed by plating on eosin brilliant green agar, these workers were 
able, during the investigation of a sharp outbreak of paratyphoid fever at Liver- 
pool, to isolate the bacilli from the feces of about 83 per cent, of patients in the 
first week, 94 per cent, in the second, and 88 per cent, in the third. Had more 
than one specimen of feces been examined from each patient, the proportion of 
positive results might have been even higher. Whether the same holds true of 
typhoid and of paratyphoid A fever is not known ; observations on these two 
disease by the improved techniques of isolation that have been developed of 
recent years are ba^y needed. It is interesting to note that, according to Glass 
and Wright (1937), paratyphoid B bacilli are not likely to be isolated from the 
urine during the first six weeks of the disease unless the f«eces are also pmitive ; 
after this time, however, during the so-called ‘‘ clearance period/* the urine is 
not infrequently pcMitive when the fswes have become negative. Gel and Knox 
(1942), in their study of the Kettering outbreak of paratyphoid B fever, reached 
the same conolution. 

Kcmie of — W© have not yet considered the question of the route by 

which the badilM gain acce^ to the tissues and the blood stieam, during the initial 
stages of natewlly occurring Meotion. Our knowlaige of the epidemiology of 
enteric fever, and of ite tmi0 of spr^, makes it quite clear that the bacill enter 
hhe IWly by tfe ; the point at i^ue » the situation at which 
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peaet ration of tlae niiicosa oc‘Curs. It was originally believed tbat tbe bacilli passed 
tbroiigli the stomacli,, proliferated in the intestine, and thence invaded the blood 
stream. Tiiis view has been very generally discarded ; since it seems clear that the 
heavy intestinal infection which occurs during the 2nd and 3rd weeks of an attack 
of tvfhoid is due, in large part, to the passage of bacilli into the intestine from the 
gali-bkdder, and perhaps from the Peyer's patches and lymphoid follicles. Some 
authors (Forster 1908) insist that there is no reason to suppose that Salm. typM 
ever multiplies within the intestinal canal. It has been suggested that the bacilli 
iLsGulIy gain access to the tissues via the tonsils and lymphoid tissue of the pharynx, 
rather than through the intestinal wall (Brion and Kayser 1906) ; and von Drigalski 
(lOfli) has reported an epidemic in which 40 per cent, of the cases suffered from 
an initial faucial angina. In many of these cases he obtained a pure culture 
of Salm, typJd from the tonsils. Whether or not this route may be followed 
in some cases, there seems no adequate reason for discarding the traditional view 
that the usual portal of entry to the tissues is through the intestinal lymphatics ; 
and this appears to be supported by the finding that the mesenteric glands are 
constantly affected. 

We have already referred, in Chapter 47, to experiments recorded by 0rskov, Jensen 
and KohayasM (1928), who noted the following sequence of events in experimental mouse 
typhoid, after infection per os with 8alm. typiki-murium : the destruction, in the intestinal 
tract, of the greater part of the ingested bacteria, as evidenced by a transitory excretion 
of bacilli followed by a period during which none could be recovered from the faeces : 
the passage of some bacilli to the mesenteric glands, and their further passage to the blood 
stream, probably via the thoracic duct : a transitory bacteraemia, rapidly brought to an 
end by the removal of the bacilli by the reticulo-endothelial cells, particularly those of the 
liver and the spleen : a phase during which active proliferation is proceeding in the liver 
and spleen, as evidenced by the recovery of increasing numbers of bacilli from these organs, 
but during which the blood remains sterile : a phase of secondary hacteraemia, associated 
with a generalimtion of bacteria throughout the tissues, and a secondary invasion of the 
intestine, pdncijmily via the gall-bladder and bile duct. 

It smmz likely that a similar sequence of events occurs in natural infection in man. 
If so, it may well be that the incubation period in typhoid fever corresponds to the phases 
which precede the secondary invasion of the blood stream from the sites of primary pro- 
Mfttatkai in the liver, spleen and mesenteric glands, the occurrence of this secondary 
tmctemmi* marking the onset of the actual ilLa^. Such a conception receives some sup- 
port from the occasional isolation of Salm, typhi firom the fsec^ and from the blood 
duriijg the incubation period of the di^ase. 

We have alrewiy consider^ in some detail the course of events during the 
later stagm of the illnm, and the factors which determine, in some cases, the 
perrotooe of bacilli in the tissue over long periods of time, and their persistent, 
or iEtedmittent, excretion in the faeces. A few points remain to be discussed. 
The characteristic l^ons in Peyerk patches appear to result from an initial 
hyper^ask of tike endothelial c^lis in r^ponse to the bad^erial invasion, followed 
by n«ro«s and doughing, caused in part by the toxic action of some bacterial 
^oduct, in by interforenc© with the Mood supply. Perforation and hsemor- 
are m the of €M5<»aonal associated a<»idente. The ^all-bladder k 

of mmk atw of perskteit infection ; and from tt.e ^idemio- 

' lo^eal p<mt of view, tiie me»t impoctaiit,. becmm^ of 'the mm wilii whiSi bacilli 
tiMice to t|» frifewtiae, to be in iite timm ; 'but' it k by no means, 

oidy litMttiicai ia whidi tike bacilli nmy t ma^n kteti over' long p^ods ‘Of 
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time. Experience witli mice (Topley 1926) suggests tliat the spleen may form a 
persistent focus of infection ; and the well-known typhoid periostitis affords an 
example of a lesion which may occur long after convalescence from the original 
illness. 

It should he noted that relapses may occur during convalescence^ although 
they are relatively infrecjuent. They are usually milder and of shorter duration 
than the original attack ; and the mortality is low (Gay 1918). They are un- 
doubtedly due to a re-invasion of the blood stream from the tissues in which 
typhoid bacilli are still proliferating at the time when the bacteraemio phase of 
the primary attack is brought to a close. They are milder, and of shorter duration, 
presumably because specific antibodies are already present, and because the tissues 
respond promptly to the secondary stimulus. 

The Vi Anttgen of the Typhoid Bacillus. 

It will be convenient at this point to discuss the Vi antigen of the typhoid 
bacillus, since it will be necessary to refer to it under diagnosis, prophylaxis, and 
serum treatment of typhoid fever, as well as in relation to the bacteriophage typing 
of the typhoid bacillus. 

Felix and Pitt (1934a) found that, when different smooth strains of typhoid 
bacilli were compared with one another in regard to their sensitiveness to agglutina- 
tion by an 0 antiserum, they differed very widely, and that this sensitivity was 
inversely related to the virulence of the strains as Judged by the intraperitoneal 
injection of mice. Thus three strains that were very slightly agglutinable by an 
0 antiserum killed 10 of 10, 10 of 10 and 8 of 10 mice when injected in a dose of 
100 X 10® bacilli ; whereas three strains that were freely agglutinable by an 
0 antiserum failed to kill a single mouse when injected in this dose. A high pro- 
portion of strains freshly isolated from cases of typhoid fever have been found 
to be of the mouse-virulent type. In a later paper Felix and Pitt {19346} showed 
that the virulence of the former strains, and their inagglutinability by an O anti- 
serum, were due to tbe presence of a special antigenic component, which Felix 
called the ‘‘ Vi ’’ antigen. 

This antigen, it may be noted, is heat labile ; so that agglutination tests to detect 
ite prince or absence must be carried out -with Hvmg suspensions at a temperature of 
37° C, Rabbits immunized with living cultures of highly virulent typhoid bacilli produce, 
in addition to the usual 0 antibodies, a Vi antibody which agglutinate the virulent strains ; 
whole rabhite immunized with avirolent smooth stmins, or with heat-MEed viruleiit smooth 
stems, produce O antibodi^ alone. An imtisarum prepared against virulent strains 
may be deprived of its 0 antibodies by absorption with aviralent badHi, thus providing 
a pure anti- Vi serum. A Vi antiserum ^ves effective passive protection in miee a^inst 
living virulent tjrphoid bacilli, while an O antiserum is aimcBt or quite ineffective. An 
O antiserum wiE, however, protect mice against the toxic effects of a massive dcro of 
MIM "typhcad badli. Tbsm observations have been extended by Felix and bis colleagues 
in a soriw of sulwequent experiments (see Felix, Bhatnagar and Pitt 1934, Felix and 
Pitt 1936, Bhalnagar 1936, Felix and Bhatnagar 1936). 

As mentioned above, the Vi antigen is hwit labile ; judgal by s^lutination, It is 
dmiroyed by expcwire te heat at 6CP 30 minutes mr I'OO® 0. for 6 minutes. Treat- 
mail witib. '^6 per cent, phenol likewi^ d«te>3ns it. Formalin in 0^2 per cent, concern 
featicm has httfe imm^ial© effect cm its ^^utinabiltj, but partly denatures it, so that 
prejwred by mocakticm of rabbits with a fomc^&ed suspaition ace defidmt in tiidr 
prctestive and |lia^K:yto»promo^^ functicms. Alcohol, on tee other hand, d^tesys 
fk& but not'its power' to ,^v©^ to potent antibodiM' in rabbite ; in hoc»s. 



1526 


ENTJSEIG INFECTIONS 


liovtTir, aleol’'“'’-‘reated Vi suspensions call forth only a very smaE amount of antibody 

rF<4fs and Petrie 1938). 

Ihe observations of Boivin and Mesrobeanu (1938a, h, c) and of Boivin, Izard, and 
Sarciron (1939a, b) have shown that both the O and the Vi antigen of Salm. typhi con- 
siat of gh'colipoids. Both are toxic to mice — the 0 considerably more so than the Vi. 
Chemically they differ in that, on acid hydrolysis, the 0 antigen yields about twice as 
inuch reducing sugar as the Vi, whereas the Vi antigen alone is precipitated in aqueous 
solations by aluminium, uranyl, and lanthanum salts (see also Chapter 44). 

Kie Di^osis of Enteric Eever. 

So far we have dealt with typhoid fever as the classical example of enteric 
infections in general. Before discussing the laboratory methods available for 
diagnosis we must consider briefly the question as to which members of the 
Salmofiella group, other than ASalm. typhi, give rise to a continued fever of the 
enteric type. In Chapter 30 have given a summarized description of the 
species, or types, that fall within this group, including the type of case from which 
they have been isolated. Here we may confine our attention to those organisms 
that have been isolated, at least with some frequency, from cases of continued fever. 
The role of the various members of this group in the causation of acute gastro- 
enteritis (bacterial food poisoning) is considered in Chapter 72. 

The organisms that are able, Uke Salm. typhi, to give rise to enteric fever are 
Salm. paratyphi A, B and C and Salm. cholerce-suis, particularly the hunzendorj 
variety. The reader may be reminded that in the older literature Salm. paratyphi 0 
was often referred to as Hirschfeld’s bacillus or as the Eastern European type of 
Salm. paratyphi 0 in distinction to Salm. choleros-snis var. Tcunzendorf, which was 
often known as the Western European type of Salm. paratyphi 0. In much of 
the literature the name Salm. suipestifer will he found in place of Salm. paratyphi 0 
or Salm. eholera-suis. It may be noted that the disease caused by these two 
species differs from that due to infection with Salm. typhi or Salm. paratyphi A 
or B in that the typical picture of an enteric infection is often complicated by 
lesiom of a septic or suppurative type, including endocarditis (see Harvey 1937, 
Goulder d ah 1942, Bchwahacher, Taylor and White 1943). It may also be noted 
that infection with Salm. chdera-^mis frequently takes the form of an acute gastro- 
enteritis instead of a continued fever. Among more recently identified species 
Saim. eMeriiiiw var. chmo, Salm. moscaw, and Salm. bar^Uy have been isolated 
from caM of continued fever. 

Several other species within the Salmonella group, though usually causing an 
acute gasiro-ealeritis, wasionaliy ^ve rise to a continued fever of the enteric type. 
This, lor instance, m true of Sdm. typhi^immum, perhaps better knowm as Salm. 

; it is |M»iiblj true of Salm. ^&ritiiw. The element of doubt is intro- 
duce by the fact that Salm. dublin, which is a natural pathogen of cattle, is 
eertKnIy e»|»ble of eauring a continu^ fever in man (see Smitli and Soott 19^) ; 
and, iinoe the differemtialion of this from Srim* is of recent date, 

it » poi&ble that the artier repeat® of isolated 'casw eS enteric fever caused by 
have hmn instance of 'infe^riem wift the dkMrni species. 

Sot oir pir^» w® rmy confine our attorion to t}re five ^p«ries that are 

&^U«ntIy impic#,^ in tl^ causation of enteric few, noting that,, from this point 
var; te occupy a jkmtem of relatively 

imprtajm. Anotii« fact of ^eat s^nificance femr the point of yiew of 
ii IMI the .diitiftiiihfe eff th» SAwfeffla types m very 
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different in different parts of tffe world. This point wiii be elaborated in a later 
section. 

The methods of diagnosis that are available and their relative value at different 
stages of the disease will be obvious from the time-relations shown in Fig. 283 
and from the discussion of these relations in the text. 

Cultural Methods in Biagnosis.~~It should be emphasized that the actual isolation 
and identification of the infecting organism is always the method of choice. The 
organism is present in the blood in a high proportion of cases during the first 
week of illness and with decreasing frequency in succeeding weeks. It may be 
found in the faeces at any stage of the disease, and in the urine, especially in the 
later stages. A positive agglutination reaction may be highly suggestive, but it 
does not become positive till about the second week of the disease, and does not 
possess the same diagnostic reliability as isolation of the organism itself. The 
distinction between typhoid and parat^'phoid fever is easy by blood culture early 
In the disease, but may be difficult and sometimes impossible at a later stage 
when diagnosis is attempted by means of agglutination tests alone. 

At least 10 ml. of blood should be withdrawn with a syring© or similar device from 
a vein and transferred to a tube containing an anticoagulant, such as citrate, oxalate, 
or Ilquoid. On arrival at the laboratory, the blood should be transferred to a flask con- 
taining 50-100 ml. of 0-5 per cent, sodium taurocholate broth, or preferably distributed 
in about 3-mi. quantities into tubes containing 20 ml. of 0-5 per cent, sodium taurocholate 
broth, tetrathionate broth (Muller 1925), and brilliant green Esbach broth (Ruys 1934). 
The cultures should be incubated at 37° C. and plated out daily on to some selective 
medium such as the bismuth sulphite medium of Wilson and Blair (1927, 1931), the 
brilliant green eosin agar of Teague and durman (1910, 1916-17), or the desoxycholate 
dtiate agar of Leifson (1935), and should not be discarded as negative for at least 5 days. 
If the only material sent to the laboratory is clotted blood, the serum should be pipetted 
off, and the clot, after being broken up with a sterile rod, transferred to bile salt broth. 
A surprisingly high proportion of successful isolations may he secured in this way ; and 
in ©axly cases the clot culture may be positive when the agglutination test is negative 
(see Soman 1932, 1934, Bownie and Falrbrother 1934). 

If posable, cultures from the fseces, and preferably from the urine also, should 
be put up at the same time as the blood. According to Glass and Wright (1937), 
it is rare, in paratyphoid fever at least, to find the causative organism in the urine 
during the first 6 weeks of the disease unless it is also present in the faeces. After 
that, the urine may be positive when the feeces are negative. Nevertheless,, 
exceptions do occur (see Report 1941), aud it k wke to examine both f»ooa and 
urine as a routine at any stage of the dkea^. 

Two or three lO-ml. quantities of urine should be inoculated into Equid enrichment 
maiia wad plated out after incubation on to the sdi^tive media already mentioned iind« 
blood culture- 

Of kt© years much attention has b^n devoted to the isolation of typhoid, 
pamtyphoid and other members of the Bdmomdla group from the fmm- The 
time-honomed method has^ conasted m preliminary incubarion of the f»o« in 
peptone water oonMniEg brBliant green in a final concenfration of 1 ; l(X)jW0 
to 1 ; 6W,(KK), followed by plating on to MaoConkeyk neutral red bile salt lactcw 
or Bndok bario fochsin sulphite kcto^ agar as a differential medium. The 
recent inteoductioa -af more li%Hy sd^eotive media has, however, gwatiy improved 
the i^iating oUtedb baoBi frmn the '^ook. 
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Of preliminary emicliment media tetrathionate brotli, either as described by Muller 
(1925) or in the sHghtly modified form of SchMer (1936), is excellent, particularly for para- 
typhoid bacilli. It has the disadvantage of permitting the growth of Proteus baciUi— 
both the vidgark and the rmrgani tjrpes— so that it should be used in combination with 
a plating medum such as brilliant green eosin agar {Teague and CJlurman 1916, 1916-17, 
Meyer and Stickel 1918, Jones 1936) or brilliant green eosin methylene blue agar (Knox, 
Oeii and Polock 1942), which suppresses these organisms. Alternatively KaufFmann’s 
(1980-31, 1936->30a) modification of Muller’s medium, containing bile and brilliant green 
in addition, may be used. The brilliant green helps to check the growth of Proteus, 
A more effective medium for this purpose is said to be Ruys’ (1934, 1940) briUiant green 
bnith wntaining 2 |>er cent, of Esbach’s reagent (1 per cent, picric acid and 2 per cent, 
citric acid), which is based on the observation of Dimitrijevic-Speth (1929) that Esbach’s 
reagent inhibits the swarming of Proteus bacilli ; but preliminary results suggest that 
an even better means of suppressing Proteus is by the addition of cacotheline or hydro- 
quinone to brilHant green broth as described by Jones and Handley (1945). For general 
purposes the sodium selenite enrichment medium described by Leifson (1936) (see Hobbs 
and Allison 1945) is to be strongly recommended. 

Among the solid selective media the bismuth sulphite agar of Wilson and Blair (1927, 
1931) has proved in the experience of most workers to be pre-eminently suited to the 
isolation of typhoid hacOli from faeces and sewage. For paratyphoid bacilli it is perhaps 
less satisfactory. Eosin brilliant green agar, studied by Jones (193fi), has likewise proved 
Its worth. Another medium that has been used increasingly of late is Leifson’s (1936) 
desoxycholate citrate medium (see Hynes 1942). The addition of 0*5 per cent, lithium 
chloride to Endo’s medium (Havens and Mayfield 1933) is said to improve its selectivity. 
In a comparison based on the isolation of 724 strains of typhoid bacilH, Mayfield and 
Ooher (1940) cultured 74 per cent, on lithium chloride Endo, 82 per cent, on desoxycholate 
citmte, and 83 per cent, on Wilson and Blair’s bismuth sulphite agar. In 195 instances 
the organism was isolated on only one medium, namely 42 on lithium chloride Endo, 
65 on desoxycholate citrate, and 88 on bismuth sulphite agar. 

It will be realized that if the niaximtim number of successful isolations is to 
be obtained, it is advisable to use a combination of one or two enrichment liquid 
media with two or three selective solid media. According to Hobbs and Allison 
(1945), the best two Equid enrichment media for general purposes are sodium 
selenite and tetrathionate, and the best two solid selective media, for plating 
either directly or from cultures in enrichment media, are Wilson and Blair’s 
bismuth sulphite agar and Leifson’s desoxycholate citrate agar. 

Oimt AouM be exi&tdmd over “the coEecfcion of specimens of fasces and urine 
for emmiMfMoa. In hospitals imperfectly sterilized bedpans and urinals afford a firequeat 
cxmteniHmriiCHi, and it is much better to provide every p>atient jffom whom a 
spMimen is requiiwl with a Bpedal gr^yse-proof, cardboard container into which the 
wtaelay can b© pwed direcMy (se© 'V'axi^han and Wri^t 1942). Alternatively a 
recW swab may be takcm. The imm should be 'examined as as possible ; if ibis 
Is hapmoMcabk* i^ould attested into tl» bufi^!^ glycol saline solution dumbed 

by (19^') 'm dwragreholat© riteal© sdluMon deecabed by Bangxang and Eliot 

'<£ ^ypheM-p^uratjpiioid barill by (xdifracm organiatns. 
Oi^iiaes ahoitlil be mad© to two or of th©' sdeotive solid zn^dia just mentioned, 
witti 1 ^. without iroMmitttty enricliine'ni. ftoloiples may be 

riteat^tei by (Report 1939), and ecmfinned by motality, 

bfedtemiMi md tube reactic^s (see ' Brid^® mad Taylor 1944)'. It may 

be swum oC some swbbite may coniaiia a^Juiaoiw to the so-^calLed a 

w^b ia wWa dF' and Proiewt ImuiIL Hcm-lactnw^feimm'Mng 

edteilw, m>t to ti^ or, paratyphoid ^roups^ may ,be 'by 
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the seram of such a rabbit, and may giTe confusing results (Stamp and Stone 1944). Tlic 
occurrence of the small colony variant of Ealm^ typhi must be remembered (see Morris 
et at 194S). 

Whatever selective and differential media are employed, the frequency of isolation of 
typhoid and paratyphoid bacilli trill be signidcantlj increased by making refxjateci platings 
from the primary enrichment; culture, Topley and Fielden (1022^ pointed out that, in an 
ordinary broth culture from a specimen of faices, various bacteria! species succeed one 
another as the dominant viable organisms, and that it is a relatively common event to 
obtain a pure culture of Bact. coli on a plate seeded after 24 hours, and & pure eiilture of 
Salm. typM on a plate seeded after several days* incuhation. In a selective medium, 
on the other hand, typhoid bacilli tend to develop before Bact roU ; thus Waidhecker 
( 1935) notes that plating from a tetrathionate brilliant green bile selective medium after 
5 hours* and 10 hours* incubation, imstead of after 20 hours* only, considerably increased 
the percentage of positive results (see also Boecker 1935). 

It must, in particular, be emphasized that the isolation of typhoid or paratyphoid 
bacilli from a specimen of fseces depends more on the relative numbers of these 
bacteria in the particular specimen examined than on any detail of technique. No 
reliance can be placed on a single negative result, whatever method of examination 
is employed ; and in carriers or convalescents, where the excretion of these organisms 
may be intermittent, many specimens may have to be examined before a positive 
result is obtained. 

The Aggluttnatioii Reacgfeton in Diagnc^. — In applying the agglutination reaction 
in the diagnosis of enteric infections we must first decide which of the possible 
causative organisms we shall include in our test. This obviously depends on the 
actual frequency of the different types of infection in the particular part of the 
world in which we happen to be working. In Great Britain, for instance, the very 
great majority of enteric infections are, at the present time, caused by infection 
with either Bairn, typhi or with Salm. paratyphi whereas in British Guiana, 
Scdm. typhi and Salm. paratyphi C constitute the dominant species (see Giglioli 
1930). This problem of the relative frequency of different types of infection also 
arises in connection with the interpretation of aggiutinatioa, tests, and will be 
considered more fully under that head. For the moment we may suppose that we 
desire to include in our test all the species that usually mum a continued fever of 
the enteric type, but to exclude those that usually give rise to an acute gastro- 
enteritis. 

This leaves us with Salm. typJi% Salm. paratyphi A, Salm. paratyphi B, Salm. 
pa/ratyphi O, and Balm, cholerw-mis var. hMUzendorf. All these species contain 
both flagellar and somaric antigens (see Chapter 30), and many observations that 
have been recorded during recent years have shown quite clearly that the a^lu- 
tmins acting on both th^ antigens must be considered. 

It hm been shown, for mstance, that some cases of enteric infection fail to develop 
H (fla^eOar) a^lulmins while developing O (somatic) agglutinins to relatively high 
titee (Felix 1924a, 6, 1930, Stuart and Krikorian 1928, Felix and OlitzM 1928, 
Hj]^ 19^, GardnOT ^ (d. 1930, Hoi^an 1932, Flis and B<^nberg 1934, Bole 1935). 
A carried out with formolxed broth ■cultures alone, and thus revealing only H 
^^utinins, would rmm a varying proportion of positive results. 

It would appear ihot the proportkm of ehowing O a^lutinins only is much higher 

in mrm locaiiti« tli« in Thus Fij in South Africa (see Felix and OMtasM 1928) 

noted M wgative i^totions in 129 oases of uadoubt^ typhoid fever, when 
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testing for H agglutinins only. Some cases of tliis type, at least, are infected, witli 0 
variants of the typhoid bacillus (Oiitzki 1928, Gardner et al 1930). 

It is equally true that particular samples of serum obtained from typhoid or parat3rphoid 
cases may show flagellar but not somatic agglutinins. Smith (1932) records that 6 of 28 
ea^ of typhoid fever showed H but not 0 agglutinins when the cases were first examined, 
wMe 11 "of 42 cases of paratyphoid B fever gave a similar result (see also Do wnie and 
Fairbrother 1934, Soman 1934, Flis and Kosenberg 1934, Bole 1935). According to 
Scott (1941), H agglutinins are seldom absent from the blood of paratyphoid fever cases, 
though in typhoid fever they may completely fail to appear, or develop late or feebly. 

Whether a case ever passes through all its stages developing H but no 0 agglu- 
tinins is as yet uncertain. In any event the lesson is clear — both H and 0 
agglutinins should be searched for in each specimen of blood examined. It must 
be remembered, however, that occasional cases fail to develop either H, 0 or Vi 
agglutinins (Report 1941, 1942a). 

In selecting suspensions for the serum diagnosis of enteric fever, reference may 
be made to the Kauffmann-White schema shown on p. 713. There it will be 
seen that Salm. typhi and Salm. paratyphi A and B all share the common XII 
somatio antigen. Because of this, and perhaps of other common antigens present 
in smaller quantity and not represented in the differential diagnostic schema, 
0 agglutinins for paratyphoid bacilli are often demonstrable in typhoid fever, and 
0 agglutinins for typhoid bacilli in paratyphoid fever (Felix 1924a, Smith 1932, 
Cruickshank 1939). It is true that, in persons who have neither been inoculated 
with T.A.B. vaccine nor suffered previously from any Salmonella infection, the 
0 litre for the infecting organism tends to be higher than for the heterologous 
organism (Gardner and Stubington 1932) ; but, in general, it is wise to depend 
for differential purposes on H agglutinins. Even these, as will be seen later, are 
quite unreliable for distinguishing between the different types of enteric fever, 
or even for establishing a diagnosis at all, in inoculated persons or in those who 
have previously been infected with Balmondla, 

We may note that it is not as a role necessary to include a Vi suspension, since 
it is uncommon for Vi antibody to appear in the blood of an active case of enteric 
fever in the absence of H or 0 antibody (see Kauffmann 1935), though it may 
occasionally be useful (Report 1943a). The test is said to be of value in prognosis. 
Bhatnagar (1944), for example, finds that in severe cases of the disease Vi agglutinins 
are absant, or present in only low litre. On the other hand, cases in which the Vi 
litre is high-— 1/^ to 1 /250— and is maintained over a number of days, are likely 
to 'm.mtt rapidly. 

In this ©ountry it is usuaUy sufficient in routine practioe to test the serum 
of a su^wted patient ag^dnst the following suspensions : typld 0, Sdwk 

typki H, Salm, pamiy^i B H, and a compe^te nomspecafio Sdlmomlla H to detect 
a^lutinms to orgaB&mi in the group pha^. Rarely it may be neo^ffiary -to add 
Saifi. Q H, parrieularfy if there is any suspidon of infwtion with Sc^, 

; ftough this wiB usually be detected hj~ the use of the non-spedfic 
wi^Mion. In 'Other eouakies addiriomd O or H ireisp^idohs may he 
3 ^^^^ ii0oodK% to the inddenoe of various- types of enime fever. To avoid 

the su^ndons should he testei befewe use to 
rnmm Wr f»^«n from Ihe «>edled'X antigen (To^ey'smd Ayrton 1924, 

' ,1W)* It » dlways' too ^ ^indmde In a rduline Brmm^ sua- 

4mm nnidtot tmm' may dosdy dmiila^''^r|dioM- In 'cmsee of mor 
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tinned pyrexia in wMcli no agglutmins to the orgainsms already mentionecl can 
be foiindj tlie serum should be tested against a suspension of I^piospira tclerc?- 
li^morrliagim and of Proteus OX 19. 

So far we have been considering qualitative results, the mere presence or absence 
of agglutiiiim acting on particular antigens ; but we actual!}" need to know the 
concentration in which each of these aggiutinms is present in any given speciiiien 
of serum. 

The results of agglutination teats are commonly expressed as titres, i.e.^ as the 
highest dilution of a given serum that will produce agglutination of a given bacterial 
suspension under specified conditions of time and temperature. We shall, in all 
cases, wish to determine the real end-point ; so that we must specify conditions that 
will allow this end-point to be obtained. Somatic agglutination, for instance, is 
slower than flagellar flocculation. Tests with 0 suspensions should be read after 
4 hours’ incubation in a water-bath at 50^ C., and again overnight. Tests with H 
suspensions may be read after 2-4 hours under the same conditions. It is usual 
to employ a geometrical series of dilutions, such as 1 : 20, 1 : 40, 1 : 80, 1 : 160 
and so on, and the observed titre is thus subject to a wide margin of error unless 
some additional precautions are taken. A rough approximation piay be made by 
noting the last tube to show detectable flocculation of the bacilli. By adopting an 
arbitrary degree of agglutination as a standard, and applying an interpolation table to 
the actual readings obtained, a much greater degree of accuracy can be attained 
(see Dreyer and Inman 1917). 

But our difficulties do not end here. All suspensions of the same bacterial species 
are not equally sensitive to agglutination ; and if we tested a single sample of serum 
against a dozen suspensions of Scdm, typki prepared from different strains in 
different wa}^ we might get widely divergent answers. If there were no gross 
antigenic variations in our strains there would be a limit to such divergence — 
we should not often find that the titre given by any one suspension was more than, 
say, two or four times that given by another ; but this is a wide margin of technical 
error. 

A valuable lead was given by Dreyar and his oolleagues during the first world war 
(Breyer, Walker and Gibson 1915, Dreyer and "Walker 1916, Dreyer and Inman 1917) ; 
and the Standards Laboratory instituted in the Department of Pathology at Oxford 
under the auspioes of the Medical Besearch Ck)uncil has since performed an important 
»rvice in preparing and i®uing standard a^luflnahle suspensions, not only of the flagel- 
lated bacilli of the enteric group, but of non-flagellated variante of the same specie®, and 
of various other bacteria that are commonly employed in agglutination tests (see Gardner 
1920, 1921, 1929). A sensitive suspension of a particular bacterium is adopted as a 
standard, and any sulwquent suspension is compared with this by dupHeate testing 
against an agglutinating wrum. The new suspension is then labelled with a number 
that allows the iatr© observed with any given serum to be reduced to the titre that would 
have been observed had the “standard** suspension been em^oyed. Even the use 
of stendwd a^lufinahle suspeimons do^ not ensure uniformity of r^ult. In an inter- 
nafibnid exj^immt d«»bed by Gardner’ (1937), in whiohi 64 human sera firom csaaes 
of ^srphotd or |«wtyphcnd fever were Mtrated against standard ag^utinable mmpmmom, 
a 'Sm^srMngly b% varialion was recorded l^tween &e rmults of the four different labora- 
feat took part* Owing to technic^ otoi® and differences of one sort and another, 
and to fee bias indifidnal wmkers in reading a^utinafem end-points, it is frankly 
impoi^bfe to -wcpeofe differmt lalKu»tel^ to obtfei idmttol r«iilt»* This conclusion 
mw^' always be borne in rnimi when mterpcetmg tifres obfein^ by other laboratortes. 
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and fflpeeiall}^ when an attempt is made to over-simplify the problem of serological diagnosis 

by the estAl^llslmieEt of absolute standards. 

This brings ns to the question as to whether any particular titre, and if so 
what, can be regarrled as a reliable indication of infection with one or other of this 
pronp of organism?. The answer is quite definite. No arbitrary titre can be selected 

or ahm, whkli an agglutination can he regarded as positive'^ in the diagnostic 
sense, and Mow which it can be regarded as “ negative''. An observed titre for any 
mm of time organisms constitutes one item of evidence which must be considered in 
relation to all the other evidence available. 

Among the more important ancillary data on which the interpretation of a 
single agglutination reaction depends are the following : — 

(1) The natural level of agglutinins among a random sample of the population 
ill the particular area in which the test is being made. 

(2) The stage in the disease at which the sample of blood has been taken. 

(3) The state of the patient in regard to previous inoculation with typhoid, or 
T.A.B., or T.A.B.C. vaccine. 

We may discuss these various factors in sequence ; but we should note that 
the average level of agglutinins in a given population, as well as their titre in any 
particular person, may sometimes be affected by the results of prophylactic 

immunization. 

We shall discuss the available evidence under (1) in some detail, since it has 
an important bearing on the epidemiology of the disease, as well as on diagnosis. 
It will be convenient to deal separately with H and 0 agglutinins and to start 
with the former. 

(1) Fr«qi30njcf DisMbutioii of i^lutinins in the Population. — valuable record 
of the London population in 1921 is given by Rosher and Fielden (1922), who 
examined 1,CXX) samples of serum sent to the laboratory for a Wassermann test, 
ie., from patients in whom there was no suspicion of an existing typhoid infection. 

Hiwe were tested agaimt formolked suspensions of Bcdm. typhi, Salm. paratyphi A, 
B&lm. ^miyphi B and certain other members of 1h.e SedmoneUa group at dilutions ranging 
from 1 ; 20 to 1 ; §40 or more. Sinee our present knowledge with regard to the diphasic 
varktlon of ti» iagelax ant%eM was not then available it is impossible to be certain 
whieh type of a^lutMn wm eoncemed in the flocculation of the diphasic specie. Taking 
the rwulta for the thro© more important species, with this r^ervation as regards Balm. 

J, we obtaia the figures set out in Table 126. 


TABLE 126 
Lohbox 





Sdm, l^li * . ♦ , 

i f A * . 

Mm. M . . 


rwsentage of S«ta A^utlnatoig 
at r : ^ over. 


29 

17 

n 


1 


In 3^ It to oMiiln,. a reliabte to whetiber tfc.© perswn 

^ 'had not bwii figure for Htfai the' tjfcw 

1 s ^ ^ ovur* w* out k Mfc 127* » ' ' : , , 
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TABLE V3I 
London 


Bacterial Sii&pen«^iuii. 


Aalm. iypM 

Halm, paratyphi A , . . 
Hahn, paratyphi B , . . 


Ij.oralited. 


Triliiorulated, 


of 


149 

149 

149 


Vlt cei-it. 


89 

5S 

71 


Xo. of Sera. 


181 

181 

181 


Per ce»t. 4- 


3 
0 

4 


Since many more males than females were inoculated during the war it was to bo 
expected that the dgures for the two sexes would differ widely, and this was found to bo 
the case. Thus, among 276 unselected male sera 42 per cent, agglutinated Salm,, bjpM 
at a titre of 1 : 20 ; 28 per cent. Balm, paratyphi A ; and 39 per cent. Balm, paratyphi B, 
Among 165 female sera, 5 per cent, agglutinated Balm, typki; 2 per cent, agglutinated 
ASaim, paratyphi A ; and 7 per cent, agglutinated Balm, paratyphi B, 

It is clear that the relatively high proportion of agglutinating sera among the London 
population as a whole was, in 1921, determined by the presence of a large number of recently 
inoculated persons. 

A similar study was carried out in Manchester a few years later by Smith, 
Maevie and Newbold (1930) ; 302 specimens of sera sent to the laboratory for 
Wassermarm tests during the years 1925 and 1926 were tested against formolized 
suspensions of various bacteria of the Salmonella group. In this case type suspen- 
sions of the diphasic species were employed, together with a single group suspension 
to detect the group agglutinins, so that a complete picture of the flagellar agglutinins 
was obtained over the range of types examined. 

Taking first the Manchester population as a whole — ^and including the results with 
the type phase of Balm, paratyphi G, and the group suspension — the percentages giving 
agglutination at 1 : 20 or over are set out in Table 128. 


TABLE 128 
Maxchesteb 


Orgaxilsm. 


j 

Percental of Sera Aggjuttnatiiig. I 


: Balm, typhi , , , , 

5 Balm, pca^^yphi A 
I Balm, paratyphi B (type) 
, Balm, paratyphi G (t^e) 
; “ Group ” Suspension 


14-9 

5-9 

5-9 

0-3 

6*3 


Comparing these figures with those of Eoaher and Fielden they show a drop 
to about a half m the case of Salm, typki, to about a third in the case of Salm, 
pmmtypM A and to about a quarter in the case of Stdm. paratyphi B, Agglu- 
tinins for tiie type phase of Saim, paratyphi C appear to be very uncommon in the 
normal Engiyfl population. No information was available with regard to the state 
c£ inoculalioii of the p«sons feom whom these blood samples were obtained ; 
but a divifflon into xmAm and female® (see Table 129) affords HgMy suggestive 
'evident. 
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TABLE 129 

IrlAJ^CHESTES 


PerceBtage of Sera Agglutinating. 


Organism, 





Males, 

Females. 

tdm, iypU 


1 

23-3 

'i 4.7 

SabtL paratyphi A . . . 

. . , 

. . . : 

11-6 

i 0 

Saim» paratifpM B (type) 

. 


9-7 

: 2*0 

Sfilm, pardyphi € (type) 

. 

• » 

0-0 

0-6 

“ Groop ” Suspenfiiott . . , 

. 

, , . 1 

7*0 

! 4-7 


B will be noted that the figures of Smith, Macvie and Newbold for females agree 
fairly closely with those of Kosher and Fielden for uninoculated persons of both 
sexes, or for unselected female sera, so far as Salm. typM, Salm. paratyphi A and 
Salm, paratyphi B are concerned. In the case of the latter organism Kosher and 
Kelden’s figure of 4*0 per cent, must be compared with both the paratyphoid B 
and group figures of Smith, Macvie aud Newhold. 

The fall in the frequency of flagellar agglutinins among the population as a 
whole is almost certainly due to a wearing-oiT of the effect of inoculation. Thus, 
in the case of Salm. typM Kosher and Fielden found 42 per cent, of agglutinating 
mm among adult males, compared to the 23*3 per cent, noted by Smith, Macvie 
and Newhold some six yearn later. 

When we consider titres, as well as the mere presence or absence of agglutinins, 
the figiir«3 provide by Smith, Macvie and Newhold for females (see Table 130} 
afford a useful guide to the titres we may expect to find in uninoculated adults. 
The figures under each titxe give percentage of sera reacting at that tike, or over, 
Titres of over 1 : 160 are clearly veay exceptional. Below this level there are con- 
siderable differences in the frequency of flagellar agglutinins for the different 
organisitts. These conclusions are borne out by the observations of Schwabacher, 
Eo» and Carruthers {1943} made in London and Cambridge about 10 years later, 

TABLE 130 
MAHCxaMPua (Females) 


S^ A^ottsmtteg at, or atoT© 


t ! 

i;m 

X:m 

1:80 

1:100 


1:040 

! iMm, l|^i 

4*7 

2*7 

m 

0*7 

0 

0 

, Mdm, A * , • , , , 

0 

0 

0 

0 

0 

0 


t# 

, 14 ! 

0 

0 

0 

0 

1' Mm. 0 (ifp4 * . • ^ 

m 

4*7 ' 

04 ' 

1 2*0 ^ 

0-0 
' 14 > 

0 

14 ^ 

0 

0*7 i 

0 

0 


Ah HxteeiwJy contrast to few IngWi is affraKicd by tbos® 

lawa'ded by O^ioli ft® a popniatioa aaliwi labooietH in Bfeash Giiiaiis. 

Table ISl bas been constoctwi firotn bis data for 3b0 nabioebbkted ^tsoae, 
tobkg tbe figures tost males and femaleB tog^lm. 
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TABLE 131 

BRiTiftU Gtlina and Femalt*s^ 



i 

h‘V i i 

S?'ra Aggluitiuatii'g at, or aiftove 


Clrgaiiism. 








1 : 40 

1 : ^0 

1 : ICO 1 : 321) 

I :€40 

Balm, typhi ..... 

24b 

16*0 

b-3 

4-0 1*7 

0 

Balm, piraiypM A . 

9*4 

ti*9 

3-7 

1*7 0 

0 

Buim. paratyphi B (type) . 

6*0 

3*1 

2*3 

M 0 

0 

Balm, paratyphi C ity|>e) , 

34*3 

11*4 

74 

6-0 2*6 

0*6 

“ Group ” 8us|>t*iisiori . 

29*4 

20-0 

1 2-9 

8*9 2*6 

0*9 


The figurejs for H aggliitinins actbg on tffpMj Salm, paratyphi Salm. 
paratyphi € or tlie Group suspension are all niueli higher than the corre&ponding 
figures for London or Alaiichester. The discrepaiicy is greatest in the ease of 
8alm. paratyphi C, and this clearly arises from the fact that this type of infection 
iSj as GigHoii (1930) has shown, endemic in British Guiana. 

As another contrast we may take the figures given hy Alves {1936) for H agglutinins 
acting on Salm, typhi, Balm, paratyphi A and Salm, paratyphi B among 530 sera from 
uninocuhited natives in Southern Bhodesia. The lowest titre recorded in this series 
was 1 : 50. At this titre 5*1 per cent, of the sera agglutinated Balm, typhi ; at 1 : 125 
the percentage W'as 3-8, at 1 : 250 it was 2-2, and at 1 : 500 it W'as 1*5. Xo serum agglu- 
tiimtt.4 Balm, paratyhi A or Balm, paratyphi B in the dilutions tested. Lewin (1934), 
w^orking in South Africa, records the litres for typluad H agghitinhis among 442 sera 
from probably uninocuiated j>er»on8. Of these sera 10*6 per cent, gave agglutination at 
1 : 26, 2*9 per cent, at 1 : 100, 1*1 per cent, at 1 ; 200, and 04 per cent, at 1 ; 400 — figures 
which are in near agreement with those of Alves over a similar range. 

When we turn to 0 agglutinins we find our evidence rather less detailed. 

So far as figures for this country aore concerned, we have combined those recorded 
by Gardner and Stubington (1932) on 50 normal uninoculated persons in Oxford 
with those of Beattie and Elliot (1937) on 47 uninoculated students in Edinburgh 
(Table 132), 

TABLE 132 

Oxford anjd Edixboegh. XJF[mocuLA.TED Fbesons. 


Oiiwotsm. 


1 S^m, igpM 0 , . * . . 

I Bairn, paraiypki AO... 
( Bairn, pamiyphi B*** O , 


No. o€ 
Sara 


Percent!®© AgglutlimtlEg »t, « above j 
1 : ai' or 1 : 25. j 1 : 40 or 1 : &0. i 1 : 80 cw 1 : 100. 1 


97 ! 26 

60 I 0 

97 ; 22 


6 

0 

10 


i 


I 

0 

5t 


* The su5p«iioii employed was prepared from Bairn, typM^munum^ wMch noimally has 
tome O smtSgeM m SJm, pomlypAj B. 
f Om |Mson had recaatly suffered from fcx)d poisoning. 

Yeiy snailar results we, re reported by Schwabacher, E<bs and Carruthers (IMS), 
who coamiiied a total of normal The end-points vari^ with the 

lengtii of ''inonbatioii and the method of reading,, but with one or two exceptions 
lie highttt 0 titrw met with against both Salm, typld and Balm. typM-fmnum 
were 1 : 80w 
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TABLE 133 
Beitish Guiana 




Percentage of Sera Agglutinating at, or above 


Organism. 

— 

— 

— — 

, 



— 


1:20 

1 :40 

1:80 

i 1:160 

1 :320 

1:640 

Salm» tppM 0. 

IG-3 

1 3*7 

0-9 

; 0*3 

0-3 

0 ^ 

Kalm. paraippM BO. ... 

20-3 

5*7 

1 2-0 

0-3 

0*3 

0 : 

Salm. paratyphi GO. ... 

19*4 

: 9*4 

‘ 3-1 

20 

0-9 

0-3 1 


Giglioli (1933a) included 0 agglutinins in Ms survey among tlie native labourers 
in British Guiana (Table 133). It will be noted that the 0 agglutinins among 
this sample of the population show no excess, where comparison is possible, over 
the English figures, in striking contrast to the marked excess shown with H 
agglutinins. 

Horgan (1932) has tested 70 sera from Sudanese with no evidence of enteric 
infection, and no history of inoculation. At a titre of 1 : 25, 7-1 ^er cent, agglutin- 
ated an 0 suspension of Salm, typM, 4-3 per cent, agglutinated an 0 suspension 
of Salm* paratyphi B, wMle no serum agglutinated an 0 suspension of Salm. 
paratyphi A. 

Lewin (1934) gives the following percentages for typhoid 0 agglutination at 
various titres among the 442 sera examined by him : 45*0 per cent, agglutinated 
at 1 : 25, 4*5 per cent, at 1 : 100, 2*0 per cent, at 1 : 200, and 1-8 per cent, at 1 : 400. 

Alves (1936) gives figures for typhoid 0 agglutinins among 300 sera from normal 
uninoculated natives in Southern Rhodesia : 9*33 per cent, gave agglutination at 
1 ; 2*67 per cent, at 1 : 100, 2 per cent, at 1 : 250 and 1 per cent, at 1 : 500. 

Where comparison is possible these figures are not widely discrepant ; and they 
suggest that the frequency and concentration of 0 agglutinins in different parte 
of the world differ much less than the frequency and concentration of H agglutinins. 
This is not surprising in view of the fact that the antibody response to specific 
stimulation with the 0 antigens is known to be more transitory than the respond 
to the H antigens. There are some reasons for believing that the normal 0 ag^u- 
tinins, when present to low titre only, represent normal antibodies of the type that 
have not arisen in response to infection (see Chapter 49). 

Further surveys of this type are badly needed. We should have an accumte 
knowledge of the level of H and 0 agglutinins among the normal population in 
»U thc» parts of the world in wMch the laboratory diagnosis of enteric infections 
is undertaken Moreover, th^e surveys should be carried out by a standardized 
technique, and with stetndard reagents. The figures quoted above are not, hade©!# 
strictly comp^abl© with on© another because these requirements were not always 
fulfill^. 

'(2) Sti^e Biseaiw.' — The next frwstor that we have to consHer in a diag- 

n<wtic iggIiitii»tioii t^ is tibe stage of the disease at wMch the sample of MocmI 

taken. 

Beferet^e to F%. 2^, p, 1520 and to Figs, '2W, 261, p. 1121, wiE indicate that 
ft© of poative or negative a^lutination tet, or of a pomtive rwult, 

te any pvwi titee, vm» according to tihe stage of the dis^me nt wMMi the »tn]^' 
of Mcwi was teken. 
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It C'lear that little i!apf»rtai]<*e rua attaehesl to a noLMtive acJiitiiiatiori 
till a .'ample ef l/iooil taken diirim! tlae fir't week of It does follow’ 

tliat a test made at tki'^ time is iisele.'S. It is often ^of the greatest value siof'e, 
iikeii in eofijiiiietiofi with te^t** made at a later period, it often eiiablos us to demoii- 
strate tluif a signifieant rLe in 4igglutinihs oeeurred ; the denioiistratioii of sofdi 
a rise has far more dhignosth* siamific'au^'e than the deimmstrathm tiiut aiij parti- 
< ular sample of serum gives agglutination to a partieular tltre, unless that titre 
is a very high one. 

As an illustrative example, [‘earing in mind our evideii* e with regard to the tlis- 
trilmtion of iioniial aggliitinins, let us suppose that we find that a sanifile of serum, 
taken from a patient in the first week of the disease, gives an H titre of 1 : 2<i against 
the typhoid bacillus. If the sample ha<i been taken in Brltidi Guiana, this finding 
wmiH have almost no sigiiifieaneej sinre about 1 normal person in 5 w^ouid give 
this titre. If it had been taken in South Afri{*a, it would have been more suggestive. 
If it had been taken in England it would Imve been still more suggestive ; only 
aliout 1 normal person in 20 would give this titre. If %ve found, in additioti, an 
0 titre of 1 : the significance of the H titre of 1 : 2u would be greatly increased. 

Similarly, a 1 : 20 H titre against Salm. p.irafj/phi C in England would be very 
suggestive of infection. In British Guiana it would have almost no signifi(“ance. 

If, however, we found these litres in a specimen of serum taken from a patient 
towards the end of the second week of the disease, or in the beginning of the third, 
their laigiiificaiice would be entirely altered. By that time a patient has usually 
developed an H titre well above 1 : 20, and an 0 titre well above 1 : 50. If we 
found such low titres at so late a period we should be inclined to suspect that they 
were due to some cause other than active infection. 

Clearly we should like to have figures for the average H and 0 titres against 
the causative organism at each period of infection, and for each type of enteric 
infection ; but we have to be satisfied with something much less than this, because 
records that afford all the necessary data are by no means plentiful. Such figures 
as we have, however, give us a very useful lead. 

Gardner and Stubington (1932) in 40 eases of typhoid fever record H titres of which 
all but 3 were above 1 : 125, 30 were 1 : 250 or over, and 14 were 1 : 1,000 or over. Of the 
0 titres ail were over 1 : 125, 37 were over 1 : 250, and 13 were over 1 : 1,CK)0. In 40 m&m 
of enteric fever <»nsed by Salm. ^ratyphi B tte level of H agglutinina tended to be 
rather higher, but the level of 0 agglutinins, either for Balm. iypM or Balm* jwmIypM 
B, definitely lower. Twenty-two of the 40 sera showed an 0 typhoid titre of l«s than 
1 : 125, and 17 showed an anti-paratyphoid B 0 titre below this limit. Somewhat amhar 
resulte are recorded in several of the papers referred to above, and in others not quoted. 

In most instances it is not possible from the records to determine the day of 
disease on which the different specimens were taken ; but it seems a fair conclusion 
from the data that the great majority of typhoid infections will, duriiig the 3rd 
week of the di^», show an H titre well over 1 : 100, and usually over 1 : 2CK), 
and an 0 titre of 1 : ICK) or over. With paratyphoid infections the H litre against 
the caimtivc organism will tend to !>©■ at least m high as that observed in typhoid 
fever, but the 0 litre, particularly if an 0 typhoid suspension is employed, may be 
somewhat lower. 

(3) Brevier Inocula&m..---Iiet us now turn to the third factor that 

may - infiuence the, interpretation of our r^ults^ the effS^t of previous inoculation 
with a iyphdd, or T*iuB. vaccine* This factor k particularly important in the 
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diagnosis of enteric infections among troops in war-time, or in countries where 
tlie risk of enteric infection is so high that many of the white or native population 

are inoculateii 

CoBsidciable asnistaiire is gained, in the solution of this technical difficulty, by 
the in the nature of the antibody response to the H and 0 antigens. 

Felix (see who first emphasized the value of this method, originally stated 

that 0 agglutinins were not formed in response to antityphoid inoculation, and 
that lienee 0 agglutination had the same diagnostic value in the inoculated as in 
the iiiiinoniluted. This, however, is not the case. 

Thus Gardner f 1929) found that of 6 persons with a history of inoculation in past 
yviiTH 1 gave 0 agglutination wth Salm. ttjphi at a titre of over 1 : 200 and of 11 persons 
inoeulated 4 wt^eks before testing 3 gave titres of this order. To check these findings a 
beilthy adult, who had been inoculated some 14 years earlier, was given 2 inoculations 
cjf T.A.B. vaccine and his agglutinins were determined at frequent intervals during the 
following month. The flagellar agglutinins were raised from a titre of 1 : 185 to a titre 
of 1 : ; the 0 agglutinins were raised from zero to 1 : 50 ; both thereafter sank. 

Mudd !l032) showed that sera collected 10 days after the third injection of a T.A.B. 
contained 0 agglutinins to a significantly higher titre (1 : 80 to 1 : 320) than the 
average noriiml uninoculated controls; and Horgan (1932) and Giglioli (19335) record 
similar results. 

As compared with these 0 titres, however, the H titres developed after typhoid 
and paratyphoid inoculation are very high. They usually attain a level of 1 : 500 
or more, and often well over 1 : 1,000. What is much more important the 0 
agglutinins diisappear from the circulation far more rapidly than the H agglutinins. 

Smith examined the sera of 17 normal persons who had been injected with 

typhoid vaccine betw'een the years 1915 to 1929. All 17 showed flagellar agglutinins for 
lypit at titrw varying from 1 : 50 to 1 : 200 ; two of them showed O agglutinins, 
one at a titre of 1 : 50, the other at a titre of 1 : 200. Wyllie ( 1932) examined the sera of 
22 ftmom who had received prophylactic injections of typhoid vaccine between 1928 and 
1931 ; 13 ihowed no 0 agglutinins at 1 ; 25, 9 reacted at or above this titre, the high^t titre 
reaehed being 1 : 100 (see also Giglioli 19335 and others). 

A valuable series of observations on men of the Royal Air Force, illustrating 
the high and more persistent titres of H agglutinins and the low and more trana- 
tory titres of 0 ^glutinins after inoeulation, is recorded by Dowme and Ms col- 
leagues (Report 1942e). Many of the men had had several injections of T.A3* 
vaccine during the previous thrw years, but the resulte were classified according 
to the ti« that had elap»d since the la^st injection (Table 134). 

It wil be sees that the 0 agglutinin r^ponse to typM was very slight, 
never wacMiig I : even in th^ who had reedved their last infection witMn 

months of tilting ; hut that the H j^Lutinin respond for -all thrw organisms 
aitteh Egher, in some reaching m excedfing a, titre of 1 : 1,609 for 

the two paimlyphoM su^uwout am to three jmm aftor moculatiom Simflar 
©a naval mliogs have bw reooiriftdhy Beattie and Blliot (1937). 

0 titws by &€«« ol^rveis httie Mgher -than those report^ 

, hf Powiii% but thb. mm probably due to a -diffarem in riding of the end-poiafe, 
and Kliot appartstly uring the ^ndard i^lutination end-point reeoiu- 
by the €W»d Standards Xiuboratory and Downie uyug the -F-ri — b 
tiaatiott iw^ommended by Felix. al^ J* 1* WBmM'tW.) : 
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TABLE m 

FlIiirLMAf.E llI^TEIBn ION EF EnD A^^AIN^T SaInK tjjphl 0 AND H AND Suim 

jmratlfphi A and B H Su^sPLNSIONS. 


Per cfiit. of .>era End Titms of 

in,,*'* J'!l )I SwA 


>i 


S'jjuiffi.i'Ism 







i A li. \ !'• nA\ 

Tk 

-;1 ; ICO 

1 : 100 

1 : 

1 :4iHj 

1 : 

1 : l,aCRJ 




<l:m) 

<1: 400 

<1 imj 

<1 

or over 

1 Im 

i0S 

TO 

0.7*0 

5*0 









3 month 


TH 

3fe3 

21*7 

23"S 

16*1 

0-0 

1*5 



AH 

5*0 

7*0 

15*7 

30*3 

20*8 

11*6 



BH 

4*0 

10*1 

20-2 

24-S 

27*2 

13*6 

3 immtiis to 

70 

TO 

07'1 

24) 







— 

1 ytur 


TH 

37*2 

25-7 ' 

200 

12-9 

4*3 

— 


AH 

15*7 

21*4 

32*0 

30*0 

14*3 

5*7 



BH 

iO-0 

10*(> 

214 

2S*0 

38*0 

114 

i 3 ^oar to 

30 

TO 

100*0 



life 







3 


TH ! 

41*4 

31*0 , 

3*8 

10*3 



AH : 

34*5 

— 

20*0 

20*0 

10*3 

13*8 



' bh ; 

17*2 

20*0 

13*8 

3i*0 

10*3 

0*9 

Tt>ta.l sera 

297 

: TO 

06*0 

4*0 

1 







1 week to 


TH 1 

33*0 

23*0 i 

21*0 

14*1 

6*4 

1*0 

3 years 


: AH i 

104 

10*1 1 

15*5 ! 

29*2 

24*2 

104 


BH i 

6*7 

IM I 

19*9 : 

20*2 

23*0 , 

12*5 


There are^ then, good grounds for Felix’s contention that 0 agglutinins are 
of more significance than H agglutinins in the diagnosis of enteric fever in inoculated 
persons. 

There is another way in which this problem has been attacked. By taking 
several samples of blood from the same patient at different stages of the disease 
we may construct an '' agglutinin curve ” and base our diagnosis on fluctuations 
in titre rather than on the titre obtained with any one sample (see Breyer, Walker 
and Gibson 1915, Breyer and Walker 1916, Breyer and Inman 1917, Perry 1918, 
Topley, Platts and Imrie 1920). When an inoculated person becomes infected, 
the response to infection is superimposed on the residual effect of the earlier response 
to inoculation, and we get the usual “infection” curve, starting not from zero, 
but from a base line representing the residual “ inoculation ” agglutinins. Since 
the rise in titre is more rapid than the fall, the most useful information will be 
obtained by repeated tests carried out during the first 3 weeks of infwtion ; but 
the early part of the fall from the maximal titre attained is usually steep enough 
to show a significant drop in titre during the early weeks of convalescence. 

Experience of this method has shown that, though relatively large fluctuations 
in the litre of 0 ag^utinins are very suggestive, the same diagnostic significanoe 
cannot be attributed to changes in the litre of H agglutinins. Many years ago, 
Felx (19246) reached the conclusion that H agglutinins were so liable to non- 
specific stimulation in iawnlated persons who contracted a febrile infection that 
they could not be relied upon to indimte the presence of a specific infection with 
the typhoid <»' paratyphoid l)«2lus. Though it is clear- from the observations 
ol Perty (1918) and Topley, Pktts and Imrie (1^) that inoculated persons may 
suffer fehrfl^ motions of many kindgs witoout showing any detectable fluctua- 
tiaos m the titee of cs^eiience hw dbown that in some persons 
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a very considerable rise in the titre of these agglutinins may occur during the 
course of non-enteric pyrexial infection, and that little weight can therefore be 
attached to such a rise in reaching a diagnosis of the disease. 

Sunmmrizingf we may repeat once more that no arbitrary titre of H or 0 agglu- 
tinins can be accepted as diagnostic of active infection. Subject, however, to the 
conditions and limitations discussed in the previous few pages, we may say that 
in this country a titre of 1/50 for H agglutinins or of 1/100 for 0 agglutinins, 
observed during the first ten days of the disease in a patient who has no history 
of inoculation or of previous enteric infection, may be regarded as strong presump- 
tive evidence of infection with organisms of the typhoid or paratyphoid group. 

In inoculated persons or in persons with a previous history of enteric infection, 
no attention can be paid to H agglutinins ; even a considerable rise in titre is 
of little or no diagnostic importance, since this may be due to non-specific causes. 
On the other hand, 0 agglutinins, if present in a titre of 1/100 or over, six months 
or more after inoculation, am strongly suggestive of active infection, particularly 
if on re-examination they are found to have altered in titre. Many cases, how- 
ever, of enteric fever may run their course without ever reaching or exceeding 
such a titre, thus rendering it impossible to arrive at a diagnosis by serological 
methods alone. In the rare cases in which both H and 0 agglutinins are absent 
from the blood throughout the disease, the Vi agglutination test may prove helpful 
(see Report 1943a). 

The EpidOTiioiogy of Enteric Fever. 

It would take us altogether beyond the scope of this book to discuss in any 
detail the extensive literature bearing on the epidemiology of enteric fever. It 
will, however, be useful to summarize the conclusions to be drawn from the available 
evidence, quoting certain illustrative records and reports, many of which must, 
of necessity, be arbitrarily selected from the numerous examples available. 

The main conclusions which emerge quite clearly from the mass of evidence 
on record are that the single important source of enteric infection consists in 
typhoid or parat3rphoid bacili which are living, or proliferating, within the bodies 
of infected persons ; and that the whole problem of prevention, neglecting for the 
moment the possibility of active immunization, consists in stopping the various 
routes by which the baciffi may pass from the intestine of one individual to die 
mouth of another. 

Moreover, the evidence obtained during surveys of H agglutinins among the 
normal population in different parts of the world, where different types of enteric 
infection are endemic, shows quite clearly that in this, as in other diseases, the 
freqatney of infection is far greater than the frequency of the clinical disease, so 
that infection from carriers and ambufaynt cases is almost certainly more important 
in, tol»l effect than mlwtioii from cHnieally reoognized cases (see 'Chapter 5§ 
wi diKiwon heloir). 

Beyond this point the epidemioic^j of enlroc fever cannot profitably he con- 
sidered m t whole. Though the cm^nal source of infection fe the human int»timd 
or tact# the route of epidemic .spread differs notably in typhoid and, in 

^lalypioid fever. The evidence in favour of tMs (»ncluadn"has b^n careffily 
ptrshaflfd by Sava^ (194% wh<«e study affewds an admimble example of the 
jndfi^ive cd awvh^ at hr<»d generalizations by the aiialjtis' of 'nummeoui 
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observation-, Bpeaking broadh% it may be said that typhoid fever caa 
pruf>alsly be i'^y the in;ie>tioii of relatively small nmnbers of bacilli^ whereas 

paratyphoid ff^ver d«^es not usually result unless large nuoibers of bacilli are ingested. 
It is pribably for this reason that, tliuagh isoth diseases may be carried by food, 
lypliohl fever is often borne by water and shell fish, whereas these vehicles are 
rare in the geiie^^is of paratyphoid outbreaks. 

The part played liy water in the spread of typhoid fever was first established 
by the painstaking observations of William Budd (ISofi, I87S) in this country, 
and has been confirmed by experience in many parts of the globe. 

Bcjveral classical examples of watcT-bt>rne outbreaks are on record, such as those at 
Cjaterham in 1^70, at Worthing in 1893, at Maidstone in 1 897, at Lincoln in 1905, at Boltoii- 
apon*Deame in 1921, and at Malton in 1932 (see Greenwood 1935, Forbes 1938}. More 
recently the Croydon outbreak of 1937 may be mentioned, in which there w’as a total 
of 31(1 cases with 43 deaths (Report 1937 ; see also Holden 1939). In the United States 
Gorman and Wolman (1939) were able to collect records of 399 outbreaks of typhoid 
fever between 1920 and 1936, comprising a total of 12,585 eases, of which 862 proved 
fatal. The corresponding figures for Canada during the same period were 71 outbreaks, 
3,437 eases, and 192 deaths. 

Among the most frequent causes of contamination of water are cross-connexion 
of a main with a polluted water supply, seepage of surface water or sewage into a 
gravity conduit, surface contamination of shallow wells, and inadequate filtration 
or chlorination (Gorman and Wolman 1939). It may be noted that the evidence 
inculpating a particular water supply is almost always circumstantial ; partly 
because the isolation of typhoid bacilli from water is beset with technical difficulties, 
and partly because the effective pollution is often temporary or intermittent, and 
has usually ceased by the time the water supply falls under suspicion. The evidence 
is, none the less, convincing enough. W^ater-borne outbreaks are generally char- 
acterized by a typically explosive onset ; the curve of notifications rises suddenly 
and steeply, the majority of the cases developing within a relatively few days. 
The curve for the whole epidemic is often characteristically skew, the primary 
cases due to direct infection from the water supply being followed by secondary 
crops of contact cases. Less often, particularly when infection of the water is 
slight and intermittent, instead of an explosive outburst, there is a series of scat- 
tered or “ dropping ’’ cases or small groups of cases occurring over a considerable 
period of time, and affecting only a small proportion of the consumers. Suspicion 
of the water should always arise if building operations have been proceeding on 
a gathering ground, or if extensions, repairs or other alterations have been going 
on in the supply services. The infrequency of water-borne outbreaks of para- 
typhoid fever has already been noted. One small but clear-cut outbreak in the 
little vil^e of Brixworth in Northamptonshire, in which a shallow well water 
was found to be heavEy contaminated with paratyphoid B bacilli, was described 
by Jones, 'Gel and Knox (1942) ; and Savage (1942) gives references to two or 
three other outbreaks si^pected of being water-borne. Frankim and Halliday 
(1937) mention one small outbr»k in Maryland of pwatyphoid A fever in which 
a common well was exposed to infection by a person convalescent from thedirowe. 
In view of the known survival of paratyphoid bacilli in sewage and the not infre- 
quent a»c«« that the» orgamsms mu^ gain to water supples, then* faEure, in 
c^afrwt to lyphoii bamll, to set up m most -stadEking. 

Jfl, pmrticiilarly oystem^, w another important source of infection in 
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typlioid fever» tliougli rarely incriminated in paratyphoid fever. They are often 
bred or fattened in the sewage-polluted waters of tidal estuaries, and they are 
usually consumed uncooked. Numerous epidemics are on record which can he 
traced to this source (see Gay 1918), and sporadic cases are likewise common. In 
France alone Belin (1984) estimated that during the previous fifteen years more 
than cases typhoid fever had occurred due to the consumption of shell 

fish, of which had ended fatally. The relation between the consumption 

of shell fish and the incidence of typhoid fever in a large city has been considered 
in some detail by Niven (1910) in a study of the seasonal prevalence of typhoid 
fever in Manchester. 

Milk follows close on water as an important source of sudden and massive 
herd infectioii. Ballard, in pre-bacteriological days, adduced good circumstantial 
e\’idence for mculpating a polluted milk supply in a localized epidemic at Islington. 
Behilder (1901), who studied the records of 640 epidemics, attributed 110 to con- 
taifiiiiatecl milk. 

In this country there are numerous records of milk-home outbreaks of typhoid and 
imratyphoid fever, of which the 1931 outbreak of paratyphoid fever at Epping affecting 
269 persons and causing 8 deaths (Buliough 1931), and the 1936 outbreak of typhoid 
fever at Bournemouth, Poole and Christchurch affecting at least 718 persons and causing 
about 70 deaths (Shaw 1937), are among the more important of recent years. In the 
Unikd States Borman, West and Mickle (1935) were able to collect records of 574 milk- 
borne outbreaks of typhoid fever during the years 1910 to 1933, comprising 8,459 cases 
and 406 deaths. In Canada between the years 1912 to 1937 there w'ere 47 milk-home 
outbreaks of typhoid fever, affecting 6,701 persons and causing 692 deaths (Defries 1938) ; 
of these, the most serious was the Montreal outbreak of 1927, which caused, in the two 
waves that occurred Ix^tween the middle of March and the beginning of July, no fewer 
than 4,849 cases and 489 deaths (Eeport 1927, Boucher 1927). 

The organisms may gain access to the milk from the imperfectly cleansed fingera 
of attendants ia the milking shed or dairy, or from contamination of milking utensils 
with infected water. Since both typhoid and paratyphoid bacilli can multiply 
in milk at ordinary atmospheric temperatures, even an initial contamination may 
prove dangerous. Though milk-home outbreaks, like those due to water, are 
often characteristieaily exploave in their onset, scattered or dropping cases 
may be mused by milk, when the infection is confined to one or two churns or 
bottles or is intermittenl. 

Apart from liquid milk, (dker imry fmimM or substitutes sucsh as cream, arti- 
ficial cxmm, synthetio cream, custard and ice-cream, are frequent vehicles for 
the enteric group of oipamms, partiOTlarly paratyphoid bacilli. 'Of the 40 para- 
typhoid omthieaks analysed by Sav^e (1942), 8 were due to liquid milk, 16 to 
etmm m& cream cak«, 2 to ice-cream, 1 to kifie, I to cheese, and 2 io 
other foods. Several outbreaks of typhoid fever in Canwia have been ascribed 
to 'Ite cowamptioa of lampened hard chew made from raw milk handW by 
«ieis lawman 1942, Gauthier and Foley 194S, Meimw 1944). M(»fe 
of th» prCMiaefa, are in' the home, a dab^, or a b^^, and bwsome 

human aourw, Om m livwpwl was to 

' by a pmiypbM cmmr (Fm^, Gfov® and Ghm ISST). 

, On Ite whol% the, Cfiieiu^ sugg^ts that ambiikml or fMbritory camera 
a» moil responsible for cmilamina&®i of-f£»d' with piaatyphoid bamll, 
and chrmue oartwrs for ^n^mini^qn with bi^fflL Qhrroic ' of 
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pitratyplioid tiaeilli and ambiikut cases of typhoid fever are said to lie relatively 
(StMjtt 1911). 

Ill oiitijrt*ahs both of typhoid and of paratyphoid fever the typical syiiiptoiiis 
of tlie diheitee may be preceded by ai'ute <rastro-^nteritis comioa? on shortly after 
coiiriiiiiptioE of the infeeted water or food {'^ee Savage and White 1925, Robertaoii 
193d, Warren 1941). Tlie&e early syiiiptoais may pass im perceptibly during the 
following week or so into those eliaracteri^'^tic of enteric fever, or there may he a 
rendssioii before the onset of enteric symptom-^, or there may be complete and 
lasting recovery, 

Thiw, in the Coiisett parat^’^dioid Muthr#*ak in 1940 which wan clue to home-made 
trifle infected fnjm a profuse freeai and urinary excreter was proliahly in the coiiva- 
ieseeiit stage of an ambulant infection, of 50 jmtients acimith:*! to hospital, T contracted 
eiitoric fever after an meubation period of six to twedve days ; 17 suffered from gastro- 
enteritis eoniiog on 12-72 hours after consumption of the trifle and gradually passed into 
the enteric state ; 17 suffered from gastro-enteritis, recovered more or less completely, 
and then developed entt^le fever after an interval of a few days ; 0 suffered from gastro- 
enteritis and recov€fred. completely ; and G suffered from no symptoms at all but were 
proved bacteriologically to be infected. 

\Yhether the initial gastro-enteritis represents the first reaction of the tissues 
to the specific infecting organisms, or whether it is due to other organisms capable 
of caumng food poisoning, or to pre-formed toxins, is still in doubt. 

Human hands are probably the principal agents in the conveyance of typhoid 
or paratyphoid bacilli from faeces to food ; but there is another agent, the fly, 
which may be of considerable importance as a carrier when allowx^d access to 
infected excreta. Its activities in this direction are particularly dangerous in 
tropica! countries, and under the imperfect sanitary conditions which often prevail 
among armies on active service. Reed, Vaughan and Shakespeare (1899) drew 
attention to the clear association between the prevalence of typhoid fever among 
the American troops in the Spanish- AmeiL^an War, and the exposure of excreta ; 
and suggested that flies played an important part in the spread of the disea^. 

The mechanism involved in the carriage of Salm., tyfhi by flies has been 
studied experimentally by Firth and Horrocks (1902), Fieker (1^3) and G-raham- 
Smith (1910). The danger of contamination from the soiled feet, or proboscis, 
appears to be of relatively short duration ; but the observations of Flcker and 
of Graham-Smith suggest that a far more important source of infection is provided 
by the fly which itself becomes infected, and carries the bacilli for some days in 
its intestinal canal. The observations of Faichnie (1909), who exammed flies 
caught in infected areas, and isolated typhoid baciHi on several occasions from 
the crushed bodies of the insects after the exterior had been steriii»d by flamh^g, 
point ha the same direction (see also de k Pax 1939). 

The Typhoid and Paralyplioid Carrier.— As has been indicated above, the ultimate 
source of enteric infection would appear, in all cases, to be the excreta of an infected 
human being, and this source is seldom remoie. There is little evidence that 
typhoid or paratyphoid bacilE survive for any length of time outside the human 
k^y nndmr natural conditions. The mcMie of survival of the bacilli throughout 
non-epidemic tlmm, and the starting-point of outbreak in localities wMeh had 
tong teen fr» from the dkease, remained in doubt until the early years of the 
pr^eni c»ntu 2 y,' when the problem wm gK>lved during the intensive investi^tion 
anderfe^ten In, 8.W- Qmmmj undftt tim of Robert Koch. Hurton-Smith 
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(1900) liad previously recorded the case of a urinary carrier of Sahn. tyThi, but 
the Ml significance of the chronic carrier was not appreciated until the results 
of the German campaign were reported. (For an excellent description and dis- 
cussion of these results see Ledingham and Arkwright 1912.) Koch’s thesis, that 
the convalescent carrier would probably be found to be the main source of the 
persistence of infection within a community, was soon established on a firm basis 
by the findings of the Commission (Frosch 1903, von Drigalski 1904) ; and von 
Brigalski established the fact that the typhoid bacillus might lead a prolonged 
existence within the human body, and be excreted in the faeces. 

Before quoting records of frequency, it is necessary to define our terms. In the 
older hterature there is some confusion owing to the use of the same term in a 
different sense by different authors ; but there is now fairly general agreement on 
the use of the word '' temporary ” or transient ” for carriers who excrete the 
bacillus for not more than a year, and the word chronic ” for carriers of over 
a year’s standing. Temporary carriers are sometimes divided into '' passive ” 
carriers who excrete the organism without suffering from clinical symptoms, and 
active ” carriers who are suffering or convalescing from a clinically recognizable 
attack of the disease (see Scott 1941) ; but we can see little practical value in this 
^ distinction and we shall not employ these terms ourselves. There is some sero- 
logical evidence to suggest that persons may harbour the infecting bacilli in the 
tissues for a long time without excreting them in the urine or fseces (see Pijper 
and Crocker 1943). Though the term carrier ” is strictly applicable to such 
persons, it would in practice be misleading to use it in this sense without some 
qualification, such as '"closed.” Excretion, even though only intermittent, is 
always regarded as part and parcel of the carrier state. It would, of course, be 
difficult to prove that excretion never occurred ; and it is wiser to -regard carriers 
of this type as potential excreters. 

In considering the frequency of carriers we must realize that our technique 
of demonstrating typhoid and paratyphoid bacilli, especially in the fseces, is far 
from perfect. With the great technical improvements that have resulted in recent 
years from the introduction of more selective media, the idea has been growing 
that intermittency of excretion is less frequent than used to be thought, particu- 
larly in paratyphoid carriers (see Holt and Wright 1942). Though the methods 
now in use permit the detection of small numbers of organisms in the fseces more 
readily than before, it may be doubted whether their apphcation will lead to any 
substantial modification of our estimate of the proportion of permanent carriers 
of typhoid bacilli. Many of these excrete the organisms in large numbers ; and 
of the remainder many can be detected by the older media provided repeated 
examinations are made. Our knowledge, however, is still very deficient, and all 
our conclusions must be expressed with caution. We may deal first with the 
typhoid carrier. 

Lentz (1905) found that 4-5 per cent, of 400 typhoid convalescents excreted Salm. 
typhi for more than 10 weeks, and 3 per cent, for longer than 13 months, Briickner 
(1910) found 12 carriers among 316 persons who had suffered from typhoid fever in previous 
years. Kayser (1907) carried out a re-examination of specimens of urine and fseces from 
101 persons who had passed through ah attack of typhoid fever at least one year earlier, 
and had been discharged as free from bacilli ; 3 of these were found to be again excreting 
the infecting organism. Gill (1927) refers to the finding in Alabama of 9 ‘6 per cent, of 
chrqnio typhoid carriers among a group of 348 persons who had suffered from typhoid 
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fever or from continued fever of several weeks’ duration more than a year previously. 
Gray (1938) in Mississippi found that of 244 proved cases of typhoid fever, 8 continued to 
excrete the bacilli for over a year ; it is to be noted that several patients excreted the 
bacilli for 3 to 9 months after recovery, but ceased to do so after 12 months. Ames and 
Robins (1943) in New York State refer to 90 chronic carriers resulting from 3,130 typhoid 
patients notified during the years 1930 to 1939. 

From these figures it is fairly clear that about 3 per cent, of recognized clinical 
cases of typhoid fever become permanent carriers, though the proportion may in 
some places be higher. 

Klinger (1909), in summarizing the results obtained to that date, gives records of 
431 carriers ; 211 of these did not excrete the bacilli for more than three months ; 220 
excreted them for a longer time. The distribution of these carriers, according to sex, 
and according to the presence or absence of a history of typhoid fever, was as follows : 


Carriers of less than 3 months’ duration 

Males. 

Females. 

(a) History of attack .... 

. 31 

61 

(b) No history of attack 

. 58 

61 

Carriers of more than 3 months’ duration 



(a) History of attack .... 

33 

143 

(6) No history of attack 

. 6 

39 


Two points of interest emerge from this distribution : (a) the high proportion 
of carriers in the first group in which there was no history of a previous attack, 
and (6) the striking preponderance of females among the second group of carriers. 
The latter point is of particular importance ; and it may be noted that the differ- 
ence between the sexes in this respect is of the same order as the difference in 
the occurrence of gall-stones. Klinger’s data also show that transitory carriers 
occur mainly in children and young adults, chronic carriers among those in middle 
or later life. 

Our information on the frequency of typhoid carriers among atypical cases, 
contacts, non-contacts in epidemic or endemic areas, and the population at large, 
is somewhat scanty, but it is sufficient to indicate that the distribution is of the 
general type discussed in Chapter 56. 

'Billet and others (1910) record the isolation of Salm, ty^hi from a high proportion 
of clinically atypical cases, during an outbreak of typhoid in an infantry regiment. The 
bacillus was isolated from the blood in 1 of 39 suspects, and from the faeces in 13 of 64 
(20-3 per cent.) Semple and Greig (1908) isolated Salm, typhi from the faeces of two 
nursing orderlies, in typhoid wards, who had never shown any clinical evidence of the disease. 

Klinger (1906) examined the excreta of 1,700 persons, living in an area in which typhoid 
fever was endemic, and isolated Salm, typhi in 16 cases. Eleven of these presented no 
clinical symptoms, either before or after the isolation of the bacilli. In 9 cases the 
baciUi were found once only. In 2 they were found 3 times ; but in no case did they 
persist longer than 14 days. The other 4 carriers were of the chronic type. Two had 
passed through an attack of typhoid fever in previous years ; from the remaining 2 no 
history could be obtained. Welch, Dehler and Havens (1926) report the discovery of 
39 carriers of Salm, typhi during the examination of 1,076 persons engaged in the milk 
trade, in an area in which enteric fever had been prevalent for years. Tins carrier rate 
(3*6 per cent.) is exceptionally high, even for an endemic centre. 

Among the population at large the carrier rate is probably very low. Mlnelli (1906) 
discovered one carrier among 260 inmates of the town prison of Sfcrassburg — 0*4 per cent. 
Prigge (1909) records 0'29 per cent, of carriers among a sample of 10,841 persons in Saar- 
briicken, Rosenau, Lumsden and Kastle (1909) found 3 carriers among 993 persons in 
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Washington. These figures are onrionsly similar, but the actual variation in the frequency 
of carriers among the general population is probably wide, and all we can safely conclude 
is that the average frequency is well under 1 per cent. In many localities it is probably 
considerably less. In New York State, exclusive of New York City, Ames and Robins 
(1943) calculated that in 1940 there were about 42 typhoid carriers per 100,000 population. 

On the main point at issue the evidence leaves no doubt. Within any com- 
munity in which enteric fever is endemic, there will be found transient or chronic 
carriers, who are acting as foci of infection ; the isolation of every overt case of 
illness would not suffice to stamp out the disease. 

With regard to contact cases Klinger (1009) records some interesting observations on 
the period of the disease at which infection is transmitted to the contact. In an investiga- 
tion of 812 such cases he reached the conclusion that the distribution, in time, of the 
contact infections was as shown in Table 135. 

TABLE 135 


Period of Disease. 

No. of Contact 
Cases. 

Period of 

Disease. 

3Sfo. of Contact 
Cases. 

Incubation period : 

1st week 

33 

4th week 

59 

2nd „ 

150 

6th „ 

34 

Illness : 


6th „ 

22 

1st week 

187 

7th „ 

14 

2nd „ 

168 

8th „ 

16 

3rd „ 

116 

9th „ 

16 

i 


10th „ 

8 


It is obvious that the evidence on which such figures are based must be largely cir- 
cumstantial. If they are correct it would appear that 183 of 812 contact cases, or more 
than 20 per cent., were infected during the incubation period of the primary case — at 
a time when the disease could not have been diagnosed, and when opportunities for its 
spread would be increased by the fact that the infected person would not be confined 
to bed. To such primary carriers (Lc., those in the incubation stage of the disease) must 
be added the relatively numerous ambulatory cases of mild and atypical infection which 
occur during any extensive epidemic. 

Turning now to the i)aratyjphoid carrier, we find our evidence less well docu- 
mented. 

Leishman (see Savage 1942 ) analysed the results obtained at the central enteric depot 
at Addington Park during the war of 1914 r - 18 . Of 1,425 cases of paratyphoid B fever, 
43 (3 per cent.) were found to he still excreting the organisms after six months. At the 
German military convalescent depot at Spa, Bumke ( 1926 ), who studied 338 fsecal carriers 
of paratyphoid B bacilli, found that 60--70 per cent, of them ceased to excrete the organism 
within three months, and 10-20 per cent, within three to six months ; 20-30 per cent, 
were stOl excreting the bacillus after six months. In an outbreak at Liverpool, Glass 
and Wr^ht ( 1937 ) found that the rate of clearance of paratyphoid bacxUi from the fseces 
was most rapid during the second month ; about 4 per cent, of convalescents were still 
excreting the organisms after 15 weeks. In a later outbreak at Liverpool, described by 
Holt, Vaughan and Wright ( 1942 ), the proportion of patients who continued to excrete 
paratjrphoid bacilli after 16 weeks was 5 per cent. The rate of clearance, however, may 
be much more rapid. In the Bristol outbreak of 1940 , for example, described by Davies, 
Cooper, Wiseman and Davies ( 1940 ) the proportion of carriers had fafien to 6*9 per cent. 
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after six weeks, as opposed to figures of 67 and 44 per cent, respectively for the two Liver- 
pool outbreaks just quoted. In the Kettering outbreak described by GeH and Knox 
(1942) 3-6 per cent, of the patients were still excreting paratyphoid B baciUi after seven 
months. 

The proportion of chronic carriers of paratyphoid B bacilli is still a matter of 
conjecture. Gill (1927) mentions that among 348 persons who gave a history of 
typhoid fever or of continued fever a year or more previously, 12 carriers of para- 
typhoid A or B bacilli were found. There is reason to believe that most of these 
were paratyphoid A carriers, but the exact figures are not given. Ail we can say 
at present is that chronic carriers of paratyphoid B bacilli do occur, but that their 
frequency is unknown. 

There is little exact information on the duration of excretion of paratyphoid A 
bacilli, but the observations of Bumke (1926) suggest that these organisms disappear 
from the faeces at a considerably greater rate than typhoid bacilli. 

In regard to the danger of the chronic carrier, it is only necessary to say that 
the literature contains numerous and well-authenticated records of their activities. 
For accounts of such classical instances as the case of the Strassburg Master-Baker’s 
Wife, the case of the Folkestone Milker, or the case of Typhoid Mary,” the student 
is referred to the excellent monograph of Ledingham and Arkwright (1912), and 
to a paper by Soper (1939). It need only be noted that in these, as in almost 
all subsequent cases, the carrier who has achieved publicity has been in some 
way concerned with the handling of food, and that a large proportion of milk- 
borne epidemics, or small outbreaks due to the consumption of such food-materials 
as ice-cream, have been traced to a carrier who has been concerned in their handling 
or transport. 

It may be added that, in searching for a typhoid carrier among a given sample 
of the population, much help will be obtained by testing the serum of all suspects 
for agglutinins before proceeding to the cultural examination’ of faeces and urine. 
A carrier often shows the presence of H or 0 agglutinins, even though only in 
low titre ; but these will afford little or no useful information if the person has 
been inoculated with T.A.B. The observations of Felix (1938a) have shown that 
much greater value attaches to the demonstration of Vi agglutinins. In chronic 
typhoid carriers the frequency of a positive Vi reaction in the serum appears to 
be very high. Felix’s observations have been confirmed by Eliot (1940), Eliot 
and Cameron (1941), Klein (1943) and several other workers (see Fijper and Crocker 
1943). It is clear, however, that though probably over 90 per cent, of chronic 
carriers contain Vi agglutinins in their serum, the presence of Vi agglutinins is 
in no sense diagnostic of the carrier state. 

Horgan and Drysdale (1940), for example, in the Sudan found that 46*5 per cent, 
of sera taken for the Kahn test contained Vi agglutioins in a titre of 1 : 5 or higher. Davis 
(1940) in Southern Rhodesia obtained a figure of 7*6 per cent, for sera taken from 656 
natives at random, but in only one of the 26 positive subjects examined was he able to 
demonstrate the presence of typhoid bacilli by culture. Eliot and Cameron (1941), 
searching for carriers in Maryland, found 8 persons among 100 studied with a Vi serum 
of 1 : 20 or over ; from only 4 of these were typhoid bacilli isolated from the fseces. Pi j per 
and Crocker (1943) in South Africa examined the serum of personnel employed, or applying 
for employrhent, in dairies, waterworks, or the General Hospital, Pretoria. Of 688 white 
persons examined, 4*1 per cent., and of 1,938 natives examined, 5*7 per cent, had Vi serum 
agglutinins in a titre of 1 : 10 or higher. Three stool and urine cultures were made on 
all the white reactors without any succ^s* A varying number of examinations were 
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made on forty of th.e native reactors, but typhoid bacilh were isolated from the nriiie of 
only two of them. Of 149 contacts of typhoid fever cases, 26 per cent, gave a positive 
Vi reaction, but in only 3 of them were typhoid bacilli demonstrated by culture— again 
in the urine. 

On the whole, experience in G-reat Britain and the United States suggests that 
in the search for chronic carriers the Vi serum test is a most valuable preliminary 
measure. Very occasional carriers, infected perhaps with a strain of bacillus 
devoid of Vi antigen (see Rauss 1939), may have no Vi agglutinins ; and some 
persons with a positive Vi serum test may prove persistently negative on culture. 
In such instances it is wise to examine the duodenal juice, since there is reason 
to believe that biliary carriers may excrete typhoid bacilli in the f^ces inter- 
mittently, or in too small numbers to be detected by any of our present methods. 

. Occasional Vi-positive carriers may be suffering from a bone lesion, and cannot 
be expected to show the presence of typhoid bacilli in the faeces or urine, though, 
of course, they may do so. Disappearance of Vi agglutinins from the blood of 
a carrier is suggestive of cure. 

The technical demonstration of Vi agglutinins is most conveniently carried out by 
making use of a strain of typhoid bacOlus that will respond only to Vi agglutinin in the 
serum (seeFehx 19386). Final serum dilutions should be put up at 1 : 5 onwards, the tubes 
should be incubated at 37® C., not at 60° C., for 2 hours, and the readings should be taken 
after a further 22 hours at room temperature. Living bacilli may be used, but the Oxford 
Standard suspension, made from kiHed organisms, is safer and more convenient ; it does 
not usually prove satisfactory, however, for more than two months after its preparation. 

In tracking down carriers of typhoid and of paratyphoid fever, whether transi- 
tory or permanent, and in establishing the relation of different cases to each other, 
the bacteriophage method of typing the bacilli is of very great service. As this 
subject has already been discussed in Chapter 30, we need do no more here than 
remind the reader that the susceptibility of a given strain to lysis by the bacterio- 
phage is intimately associated with the Vi antigen, and that the different bacterio- 
phage types are remarkably specific. For a description of the types of typhoid 
and paratyphoid bacilli prevalent in Great Britain and the United States, and 
of the value of the method in epidemiological investigations, the reader is referred 
to papers by Lazarus (1940), Felix (1943), Felix and Callow (1943), and Bradley 
' (1943), and for a review of the carrier problem in general to the monograph by 
Browning and his colleagues (1933). 

The Effect of General Sanitation on the Prevalence of Typhoid Fever. 

Having discussed the part .played by the chronic carrier of enteric infection it 
will be convenient .to consider briefly the changes in the incidence of typhoid 
fever which have occurred during the last 50 years, and their relation to the im- 
provements which have taken place, during the same period, in the sanitary 
organization of civihzed communities. 

One of the most striking phenomena in the public health annals of this period 
has been the steady decline of enteric fever as an important item in the mortahty 
statistics. In 1870 there were 388 deaths from enteric fever per million living in 
England and Wales, and 233 deaths registered as ill-defined.'* In 1880 the 
enteric deaths had fallen to 261 per million, and the “ iU-defined " deaths to 58, 
the latter probably as the result of better diagnosis. In 1890 the enteric deaths 
had fallen to 179 per million, and the “iU-defined" to 13. In Table 136, for 
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whicli we are indebted to Miss Woods, are set out the death rates at ages from 
enteric fever in England and Wales, during the first 27 years of the present cen- 
tury. It will be noted that, for the first decade (1901-10), the death rate for males 
at the most susceptible age period (20-25) is no higher than for the population as a 
whole in 1890. Since 1910 the mortality from enteric fever has fallen rapidly; and 
in 1927 it had reached almost negligible proportions— less than 10 per million living. 


TABLE 136 

Enteric Fever : England and Wales. Death Rates per Million 



0- 

6- 

10- 

15- 

20- 

25- 

35- 

45- 

55- 

65- 

75 and 

Tip 

Males : 












1901-10 . 

32 

52 

71 

137 

179 

178 

142 

104 

80 

40 

17 

1921-24 . 

3 

6 

10 

20 

19 

20 

17 

16 

16 

13 

3 













1925 

6 

5 

16 

14 

10 

9 

11 

9 

4 

1926 

2 

, 

5 

11 

16 

14 

15 

10 

11 

7 

1927 

2 



1 

2 

11 

12 

14 

12 

5 

— 

Females : 






! 






1901-10 

30 

59 

81 

100 

99 

97 

86 

67 

50 

29 

10 

1921-24 

3 

9 

11 

19 

18 

16 

15 

13 

7 I 

9 

3 

1925 

1 

8 

12 

12 

13 

11 

12 

7 1 

7 

1926 

2 

5 

12 


12 

11 

11 

4 

7 

1927 . 

4 


3 

11 

9 

10 

14 

12 

6 

4 


This faU has not, however, been equally rapid in all Western countries. Gay 
(1918) points out that the mortalities in European cities during the decade 1901-10 
varied from 17 per million in Stockholm to 337 per million in St. Petersburg. 
The average figure for the 33 largest European cities during this period was 65 
per million, while the average figure for the 57 largest American cities during the 
last year of the decade was 195*9 per million. 

These variations in place and in time are associated with characteristic difier- 
ences in sanitary organization. As Gay points out, prior to 1880 or thereabouts, 
typhoid fever was a disease of cities, the incidence varying directly as the density 
of population, as exemplified by the figures for Munich and the surrounding district ; 
these show the highest incidence in the city garrison, a somewhat lower incidence 
in the city as a whole, and a still lower incidence in the surrounding rural area. 
After this time, however, the sanitation of large cities rapidly and steadily improved, 
especially with regard to the provision of a pure water supply, and the efficient 
disposal of excreta and sewage. This improvement in sanitation has more than 
compensated for the density of population, and the result has been a shift in the 
incidence of enteric fever from the populations of large towns to rural communities, 
living under more primitive sanitary conditions. 

Godfrey (1928) records some interesting figures with regard to the present incidence 
of enteric fever in New York City and State. In New York City itself the cases nob 
deaths— number about 23 per 100,000 living. In towns with populations of 10,000-20,000 
the incidence is about 70 per 100,000, in towns with populations of 5,000-10,000 it is about 
63, in towns under 2,000 about 48, and in very small towns and villages about 42. Thus, 
while enteric fever is less frequent in New York City than elsewhere in the State, it is at 
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the present time a disease of the small town, rather than a rural disease in the strict sense 
of that term. This is probably due to the fact that the small town has failed to keep its 
sanitary organization abreast of its growth ; so that the water supply, sewage disposal, 
and milk control are inadequate to protect a community rapidly increasing in density 
of population. 

Godfrey includes a valuable table showing the incidence of enteric fever at 
ages, and the percentage fatality in each age group. Information of this kind is 
not available for many communities, and we reproduce his figures in Table 137. 

TABLE 137 

Ikcidenob Fatality or Enteric Fever in different Age Groups (after Godfrey). 


Age Group. 

Incidence (percentage of 
cases at all ages). 

Case Fatality 
Percentage. 

Under 5 . . 



4-5 

8*4 

6-9 . . 



13-8 

4*4 

10-14 . . 



14-3 

6*4 

16-19 . . 



14-2 

10-2 

20-24 . . 



12-0 

12-5 

25-29 . . 



9-7 

13-5 

30-34 . . 



7-7 

16-4 

35-39 , . 



6*3 

16-2 

40-44 . . 



6-4 

16-2 

45-49 . . 



3-9 

19*9 

50-54 . . 



3-3 

22-9 

66-59 . . 



^ 2-0 

22*8 

60 and over . 

• 



36-6 


Enteric fever, at the present time, is thus a disease with its maximum incidence 
in adolescence ; but the case fatality increases throughout life, save that children 
under 5 show a higher case mortality than children between 5 and 15. 

In addition to the striking faU in the incidence of enteric fever as a whole, there was 
during the post-war years a change in the sex incidence, and in the prevalent bacteriological 
type of infection. Thus it was noted by Chauffard and his colleagues (1921), Weigmann 
(1926) and Knorr (1927) that after the middle period of the war the incidence of enteric 
fever was higher among women than among men, thus reversing the normal sex incidence, 
as universally experienced before the war. There can be little doubt that this shift 
was the result of the experience undergone by the male sex between 1914 and 1918. Thus, 
in an epidemic at Pforzheim in 1919 (Knorr 1927), the lower incidence among males 
than among females commenced at age 19 and ended at age 50, indicating very clearly 
the effect of military service. It seems probable that some part, at least, of the present 
advantage of the male sex was referable to the antityphoid vaccination of the troops during 
the ivar period ; but there are facts which suggest that this is not the whole story. In 
Schleswig-Holstein, for instance, during the period 1914-24, the advantage of the males 
extended to enteric fever caused by Salm. paratyphi B, while the German troops, 
unlike the French and English, were immunized only against Salm. typhL It is possible 
that this heightened average resistance of the male may have been due to mild or atypical 
infection while on war service, but the question must for the moment remain an open one. 

Prophylactic Immunization against Enteric Fever. 

Antityphoid vaccination in man was initiated by Wright in 1897 (see Wright 
and Semple 1897, Wright 1902, 1908) — though the observations of Pfeiffer and 
Kolle (1896) have been held by some to establish a claim to priority — and has since 
been tried under field conditions on the largest scale. The recorded results strongly 
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support the view that it significantly reduces the incidence of enteric infection in 
environments in which such infection is particularly likely to occur. 

The most impressive figures are those collected by the Antityphoid Committee (Report 
1913), referring to the incidence of typhoid fever among inoculated and uninoculated 
troops stationed abroad. These figures have been analysed in a valuable paper by Green- 
wood and Yule (1915), to which reference should be made by all those who are interested 
in the general question of the interpretation of data of this land. Employing the method 
of the fourfold table, and including as inoculated all those who had received typhoid 
vaccine at the time of the last available return, the data are set out in Table 138. 

TABLE 138 



Not Attacked. 

Attacked. 

Total. 

Inoculated . 

10,322 

56 

10,378 

Not inoculated 

8,664 

272 

8,936 

Total .... 

18,986 

328 

19,314 


2 =180-38. 

P== less than 0*0001. 


The value is a measure, devised by Pearson, of the probabifity that the distribution 
actually observed might have arisen as the result of chance ; as x^ increases, this prob- 
ability decreases. The value P gives this probability in the usual numerical form (Le,, 
in this particular case the odds are greater than 9,999 to 1 — actually they are much greater 
— against the observed distribution having arisen as the result of chance). 

War conditions provide an admirable breeding ground for typhoid and paratyphoid 
infections ; and it might have been expected that 1914-18 would have yielded a final 
proof of the efficacy of antityphoid inoculation, and a close measure of its exact protective 
value. They did, in truth, greatly strengthen the presumptive evidence in its favour 
— ^we cannot reasonably suppose that the whole of the vast difference between the deadly 
role of typhoid in the Boer War (105 cases per year per 1,000 of strength) and its relative 
insignificance among the huge armies on the Western Eront 15 years later (2*35 cases per 
year per 1,000 of strength — see Harvey 1929) was wholly due to better sanitary conditions. 
But the exigencies of war, the impossibility of getting complete figures for the inoculated 
and the uninoculated exposed to risk, and the fact that the proportion of inoculated men 
rose, in the British Army, to well over 90 per cent, by the end of 1915, rendered impos- 
sible the collection of mass figures of a kind suitable for detailed statistical analysis. 
The general trend of the evidence is not, however, in doubt. Thus (see Harvey 1929) 
the year 1915 provides figures for the percentage of inoculated men in the Army in Erance 
and the cases of typhoid in the inoculated and the uninooulated, from which the incidence 
in each group can be calculated. The incidence among the inoculated was 9*5 per 10,000, 
among the uninoculated 103*52 per 10,000. During this period the men were inoculated 
against typhoid only. The iticidence rates for paratyphoid fever were, among the inoculated 
21-53 per 10,000, among the uninooulated 39-84 per 10,000. This suggests some degree 
of group protection against paratyphoid infection — a result that would hardly have been 
expected on immunological grounds — but the wide difference in the incidence ratios (10-90 :1 
in favour of the inoculated in the case of typhoid and 1*85 : 1 in the case of paratyphoid) 
provides additional support for the view that the recorded figures do in fact represent a 
saving in morbidity due to the typhoid vaccine. 

There is evidence, as might reasonably he expected, that the decrease in morbidity 
was associated with a decrease in case fatality, at least so far as typhoid fevon was con- 
cerned. The case-fatality rate among 1,728 inoculated and infected men in the British 
armies in Erance was 4*57 per cent. ; among 703 uninoculated men it was 18*35 per cent. 
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furiously enough this finding was not paralleled in paratyphoid infection : among 1,357 
infected men who had been inoculated with T.A.B. vaccine the case-fatality rate was 1*25 
per cent. ; among 2,694 men who had not been inoculated with T.A.B. vaccine it was 
1*34 per cent. The difference in the case fatality of typhoid in inoculated and uninoculated 
men is borne out by the figures recorded by Pfeiffer (1922) for the German Army ; 12-20 
per cent, among the uninoculated, 2-3 per cent, among the inoculated. 

Ancillary evidence, which may perhaps be adduced in support of the efficacy of anti- 
typhoid vaccination, is provided by the curious change in the sex incidence of enteric 
infection in the years following the war that has been referred to on p. 1550. 

The results so far recorded were obtained with vaccines prepared from ordinary 
strains of typhoid and paratyphoid bacilli. The observations, however, of Felix 
and his colleagues on the Vi antigen of the typhoid bacillus (see p. 1525) pointed 
to the importance of selecting for vaccine preparation strains that were rich in 
this particular antigen, if the maximum protective effect was to be obtained. 
Perry, Findlay, and Bensted (1933, 19346), who carried out experiments on mice, 
likewise reached the conclusion that only fully virulent smooth strains could be 
relied upon to induce a satisfactory degree of immunity. Immunization with an 
avirulent smooth strain was almost as ineffective as that with a frankly rough 
variant. They differed, however, in failing to observe the extreme degree of 
labihty of the Vi antigen that had been described by Felix and Pitt (1934a). In 
fact, they found that, so long as the strain employed was of the fully virulent 
smooth type, an ordinary heat-killed vaccine preserved with 0*5 per cent, phenol 
proved fully effective. As a result of their work, the British Army vaccine has 
since been prepared from freshly selected smooth fully virulent strains of typhoid 
and paratyphoid bacilli, grown on agar for 48 hours at 37° 0., washed off with 
saline, killed by heating for 1 hour at 53° C., and preserved with 0-5 per cent, phenol. 
It is standardized to contain 1,000 million Salm, typhi^ and 750 million each of 
Salm. paratyphi A and B per ml. The usual dosage for an adult male consists 
of two inoculations subcutaneously of 0*5 and 1*0 ml. respectively at about 10 days’ 
interval. 

The value of T.A.B. vaccine prepared in this way received further confirma- 
tion during the second world war (Boyd 1943a). 

Briefly, it was found that Italian prisoners of war taken in the first Libyan campaign, 
most of whom had been inoculated previously with an Italian T.A.B. vaccine, suffered 
from typhoid fever during the winter of 1940-41. All prisoners were therefore inoculated 
or re-inoculated with Italian T.A.B. vaccine. In spite of this, another wave of typhoid 
fever occurred in May to September, 1941, along with an outbreak of paratyphoid A 
fever during June to October. The British Army T.A.B. vaccine was therefore given in 
the usual two doses. The outbreak rapidly waned, and infection remained low aU through 
the summer of 1942. With the influx in November and December, 1942, of fresh prisoners 
from the El Alamein battle, a fresh wave occurred. On the other hand, among the British 
prisoners of war in the Benghazi camp, though there were about 11,000-12,000 cases 
of dysentery in a total strength of 16,000-24,000, no cases of enteric fever were notified 
during the four months June to October, 1942. These two pieces of evidence : (1) the 
occurrence of endenaic and epidemic enteric fever among the Axis forces, not controlled by 
the Italian T.A.B. vaccine, but apparently controlled and prevented by the British Army 
^ T.A.B. vaccine ; and (2) the absence of enteric fever among British prisoners of war in 
spite of most unsanitary conditions and the presence of enteric fever in their captors — 
are difficult to explain except on the assumption that the British Army T,A.B. vaccine 
affords a high, degree of protection against enteric fever. 
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This vaccine appears to be very effective in practice, but it does not as a rule 
provoke the appearance of circulating Vi antibody when given subcutaneously, 
though it is said to do so on intravenous inoculation (Climie 1942). Felix (1941), 
therefore, endeavoured to improve on it by preparing a vaccine in which the 
Vi antigen was subjected to less rigorous treatment than that which it receives 
in the heat-killed phenolized vaccine. This he succeeded in doing by killing the 
organisms with 75 per cent, alcohol and preserving them in 25 per cent, alcohol. 
Comparative trials of the two vaccines on human beings showed that, after adminis- 
tration of the alcoholized vaccine, Vi antibodies were demonstrable in a relatively 
high proportion of subjects, whereas after the ordinary vaccine they could seldom 
be found (Felix, Eainsford and Stokes 1941). The dosage recommended for the 
alcoholized vaccine is half that of the heat-killed vaccine, namely 0*25 and 0*5 ml. 
for an adult male, the interval between the two injections being preferably three 
weeks. The value of this vaccine has not yet been established in the held, but 
there is no reason to suspect that it will be less, and some reason to expect that 
it may be greater, than that of the heat-killed product. ,It has the advantage 
over this product of giving rise to rather less local, and considerably less consti- 
tutional reaction (Climie 1942, Eeport 19426). 

In South Africa an endotoxoid T.A.B. vaccine has been extensively used, prepared 
according to the method described by Grasset and Gory (1927a, 6) and Grasset (1931, 
1935). This consists essentially in washing off a 48-hour agar growth with distilled water, 
killing the organisms by heat at 58® C. for 30 minutes, breaking them up by four successive 
heatings and freezings, and finally rendering the endotoxin so obtained non-toxic by 
incubation for a month in the presence of 0*7 per cent, formalin. The endotoxoid can 
be given in larger doses than vaccines of whole bacilli. According to Grasset (19386) the 
vaccine has been used for the inoculation of about 400,000 persons with more satisfactory 
results, judged by the diminution in the case incidence and case mortality rates, than 
those previously obtained from ordinary T.A.B. vaccine. Grasset’s claims seem to be 
borne out by the experience of the South African troops in the North African campaign, 
which fared as well as those inoculated with the British Army vaccine (Boyd 19436). 

Kourilsky, Kourilsky and Boivin (1939) tried to make a vaccine from the pure glyco- 
lipoid somatic antigens of the typhoid bacillus, but were unable to reduce the toxicity of 
the preparation sufficiently. More recently, however, Morgan, Favorite, and Horneff 
(1943) report success in the preparation of a suitable purified antigen. 

There is little exact knowledge on the keeping quality of ordinary heat-killed 
vaccine preserved with 0*5 per cent, phenol or tricresol, but so far as can be judged 
from their ability to stimulate the production of agglutinins in rabbits or to protect 
mice against infection with living organisms, vaccines stored at a temperature of 
under 10° G. seem to undergo httle deterioration in potency over a period of three 
years (McCoy and Bengtson 1920, Perry, Findlay and Bensted 1934a, Mishulow, 
Mowry and Stocker 1937, Babudieri 1939). 

Whatever vaccine is used it is desirable, if immunity is to be maintained at a 
high level, to re-inoculate subjects every 2 to 4 years. For this purpose one dose 
is sufficient. Siler and Dunham (1939) of the American Army recommend a 
single dose of 0*1 ml. (100 million organisms) of the phenolized vaccine injected 
intradermally ; according to their findings, this provides an adequate stimulus, 
and gives rise to less local and constitutional reaction than the larger dose which 
is usually given subcutaneously. The alcoholized vaccine is not suitable fox intra- 
dermal injection. 
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Tlie oral administration of typhoid vaccine, which was suggested by the obser- 
vations of Besredka (see Chapter 53), has been tried fairly extensively, but the 
results so far obtained have not been sufficiently encouraging to justify its substi- 
tution for the subcutaneous method (see de Mello et al. 1931, Grasset 19386). 

In the chapter on herd immunity we described experiments on mice ; and 
arguing, . with the necessary caveat, from mice to men, we drew the tentative 
conclusion that antityphoid inoculation, carried out by the best technique at 
present available, would form a poor substitute for the ordinary methods of sanitary 
control as applied to a population exposed to a severe and continuous risk of 
infection. There seems no reason to modify this view in the light of the recorded 
results on man. Inoculated men appear to do much better than inoculated mice, 
but they are never exposed to such severe and continuous risk. Even with their 
advantages in this respect there is no evidence that the inoculation of all those 
at risk will stamp out the disease, though it will greatly reduce both its incidence 
and its fatality. As a method of decreasing the chances of infection or death 
run by persons who are exposed to a serious but not overwhelming risk for a limited 
period of time, antityphoid inoculation must be regarded as a very valuable prophy- 
lactic measure. (For a review of immunization against typhoid fever, see Siler 
et al 1941). 

Prophylactic Vaccination during an Epidemic. 

The beneficial effect on the morbidity rate of vaccinating contacts during the 
course of sporadic outbreaks of typhoid fever has been reported by Eamsey (1935). 
His observations have been quoted as a precedent for similar treatment of persons 
exposed to infection in water or milk-borne outbreaks of the disease. The two 
cases are not strictly parallel. There is reason to believe that vaccination during 
the incubation period of the disease may, instead of protecting, induce the opposite 
result, namely the so-called provocation ” typhoid. For this reason Topley 
(1938) has suggested that the use of passive immunization with antityphoid serum 
would be more appropriate for suc^ persons. Possibly, combined active and 
passive immunization, such as has proved successful in the treatment of diphtheria 
epidemics (see p. 1401), might be even more satisfactory, but we must await the 
trial of this method before recommending it for general use. 

The Treatment of Typhoid Fever with Antityphoid Sera. 

There are various references in the literature to the treatment of typhoid fever 
by the injection of antisera prepared by immunizing horses with cultures or extracts 
of typhoid bacilli, but until recent years little success appears to have been achieved 
by this method. With the increase in knowledge, however, of the antigenic struc- 
ture of the typhoid bacillus that resulted from the demonstration of the H, 0 
and Vi antigens, and from the extraction of the 0 and Vi antigens in relatively 
pure form by chemical means, a way was opened up for the preparation of sera 
containing the desired antibodies and for checking the amount of individual anti- 
bodies in sera by suitable animal tests. Grasset (1930, 1931, 1938<z), in South 
Africa, reported favourable results from the use of an antiserum prepared against 
the somatic antigen. In 1938 he stated that the serum had been tried on abolit 
3,500 cases of typhoid fever, and had reduced the case mortality from 20 to 10 
per cent. In cases in which it was administered during the first three days of 
the disease, the serum reduced the case mortality to 3 per cent. Felix (1935)' 
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suggested the use of a serum containing Vi antibody in addition to the 0 antibody. 
Preliminary trials carried out in Palestine, in which a few control cases were treated 
with normal horse serum, yielded promising results. Favourable reports on the 
value of such a serum have since been published by Eobertson and Yu (1936) 
at Shanghai, McSweeney (1937) at Dublin, Cookson and Facey (1937) and Hodgson 
(1944) in this country, Pijper and Crocker (1939) at Johannesburg, and Landor 
(1941) at Singapore. The serum should be given to adults in a dose of 33 ml. 
on two or three successive days. Intramuscular injection is the rule, but the 
intravenous route may be preferable for the first dose in severe cases. According 
to Fehx (1935) the Vi antibody has an anti-infective action, suppressing multiplica- 
tion of the typhoid bacilh ; the 0 antibody, on the other hand, is chiefly responsible 
for neutralizing the endotoxin. This interpretation is not entirely borne out by 
the observations on mice of Grasset and Lewin (1937), Boivin an^ Mesrobeanu 
(1938c), and Longfellow and Luippold (1943), all of which suggest that the 0 anti- 
body has some anti-infective power ; but there is general agreement on the pro- 
tective value of both antibodies. The mode of preparation of the serum has been 
described by Felix and Petrie (1938) ; and the method of titration and of assess- 
ment in terms of provisional units of Vi and 0 antibody has been laid down by Fehx 
(19386). The real therapeutic value of the serum will never be estabhshed until 
an adequate series of treated and control cases are observed together. Whether, 
in view of the favourable reports on the serum, it is too late to make such a trial, 
must remain open to question. 

Chemotherapy in Enteric Fever, 

Though Buttle and his colleagues (1937) found that the administration of 
sulphanilamide protected mice against multiple lethal doses of typhoid and para- 
typhoid bacilli, none of the sulphonamides has yet been shown in practice to have 
any beneficial action on patients suffering from enteric fever (Eeport 19436). 
Numerous drugs have been tried for the treatment of chronic typhoid and para- 
typhoid carriers, but in spite of occasional favourable reports on the use of iodo- 
phthalein (Saphir, Baer and Plotke 1942) or of sulphaguanidine (Loewenthal and 
Corfield 1943), the medical treatment of these carriers has so far met with little 
success. 

Enteric Infection in Animals. 

It is impossible to consider in any detail the numerous varieties of enteric in- 
fection which are known to occur among the lower animals under natural con- 
ditions. Eeferences to the relation of the difierent species or types, within the 
typhoid-paratyphoid group, to various forms of animal infection will be found 
in Chapter 30. It may be noted that the bacterial species with which we have 
so far been concerned in this chapter are not natural pathogens of animals ; while 
the species and types which produce enteric infection in swine, rats, mice, etc., 
usually give rise to acute gastro-enteritis when ingested by man (see Chapter 72). 

The rdle played by Salm. cholercB-suis in hog cholera is discussed in Chapter 88, 

Bacillary White Diarrhoea of Chicks. — ^Eeferences to several papers dealing with 
Salm. pullorum, the causative organism of this disease, and with the lesions which 
it produces in chicks and adult fowls, will be found in Chapter 30. A useful 
review of the literature is included in a paper by Eice (1926) ; and an account of 
the epidemiology of the disease, and of its control in flocks, is given by Bailing, 
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Mason and Gordon (1928). Apart from its great economic importance, tlie disease 
is of interest in tliat it afiords an example of congenital infection via the egg, 
and an illustration of the application of bacteriological principles in the control 
of infective disease among live-stock. 

The first cases of disease among an infected brood usually occur soon after 
hatching, and the outbreak often assumes epidemic proportions within a few days 
or weeks. Susceptibility to the natural spread of infection, in its severe form, 
would seem to be confined to the first few days after hatching. The incubation 
period is stated to vary from 4 to 10 days, though Rice records experiments in 
which it was as long as 28 days. Birds which survive the first few weeks seldom 
contract the disease in its acutely fatal form. Apart from the whitish diarrhoea, 
from which the disease derives its name, but which is by no means invariably 
present, the ^symptoms consist in drowsiness, thirst, and lack of appetite. The 
average duration of the disease is 2 or 3 days ; and the mortality is high — on the 
average about 70 per cent. At necropsy the lungs may be congested : the liver is 
enlarged, and may, according to some observers, show an unusual degree of 
mottling ; the intestine usually shows well-marked catarrhal enteritis. 

Birds which survive the acute attack, and probably others which have never 
suffered from the typical disease, frequently develop a persistent ovarian infection ; 
and it is carrier birds of this type which perpetuate infection from one breeding 
season to another. A considerable proportion of the eggs laid by such birds are 
infected with Balm, pullorum ; Kaupp (quoted by Rice) records nearly 20 per cent, 
of infected yolks among 3,510 fresh eggs examined. Thus, in an infected flock, 
each year’s hatchings produce a high proportion of infected chicks, and the cycle 
is repeated from year to year. 

According to Severens, Roberts and Card (1944) genetic factors play an impor- 
tant part in determining susceptibility to the disease. During the first 5-10 days 
of life there is an increase in resistance to experimental infection, which is far 
greater in some chicks than in others. The increase is accompanied by a rise 
in the absolute and relative numbers of circulating lymphocytes. Evidence is 
brought to show that procedures such as splenectomy or irradiation with X-rays, 
which lower the lymphocyte count, lead also to a diminution in the resistance 
of the host. 

The problem of control clearly resolves itself into the elimination of the carrier 
hens and this has been rendered possible by the application of the agglutination 
test. Blood is obtained from the wing vein, and the serum tested against sus- 
pensions of Balm, jpullorum. This organism is non-flagellated, and contains only 
0 antigens : the conditions must therefore be adjusted to reveal agglutination 
of this type. It is customary to use living suspensions, but it seems likely 
that alcoholized suspensions would prove as sensitive and could more readily be 
standardized. Incubation should be prolonged for 24 hours, though the results 
are usually readable after 4 hours at 50° C. The titre usually taken as diagnostic 
of infection is 1 : 40 to 1 : 50. Adopting this standard, it would appear that some 
90 per cent, of carrier hens can be detected (Rice 1926). Such tests may be carried 
out at any time, and the detected carriers should be killed. The essential point, 
in preventing the perpetuation of infection from one season to another, is the 
elimination of all carriers among the birds preserved for breeding. The whole 
flock should be tested when the hatching season is over ; those which show agglu- 
tinins should be killed, and those which give negative reactions should be retested. 
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Only birds wMcb have twice reacted negatively, and whose previous history gives 
no reason to suspect infection, shoxild be retained for breeding in the following 
year. 
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BAOILLAEY DYSENTERY 


Introductory 

Together witli plague, cholera, and influenza, dysentery has been one of the 
great scourges of the world. Though rapidly growing less common, it was at 
one time a fatal epidemic disease, dogging the footsteps of armies in the field, 
present in camp, gaol, and hospital, and decimating the white races in the tropics. 
“ Wherever the general hygienic conditions are had, wherever the soil is much 
fouled by excreta . . . , wherever many people are crowded together in one building 
or camp, where the food is coarse, monotonous or unsound, there, especially in 
tropical and sub-tropical climates,” dysentery is liable to break out (Manson 1914). 

Before the last quarter of the nineteenth century dysentery was regarded as 
a single, well-defined disease. In 1875, however, Loesch demonstrated the presence 
of parasitic amoebae in the stools of dysenteric patients, and in 1883 Robert Koch 
observed these amoebae in the intestinal wall of patients dying of dysentery in Egypt. 
The subsequent demonstration of amoebae in liver abscesses of patients who were then 
sufiering, or who had at some previous time suflered, from dysentery left little 
doubt that at any rate one of the causal agents of this disease was the Entamoeba 
histolytica. In 1898-1901 Shiga in Japan, Plexner in the Philippines, and Kruse 
in Germany brought evidence to show that another type of the disease was due 
to a bacillus which was closely allied to Salm. typhi. Dysentery may also at times 
be caused by protozoa other than Enta'inceha histolytica, such as Balantidium coli 
and Bilharzia mansoni (see Manson-Bahr 1942). 

In this chapter we shall deal exclusively with bacillary dysentery, referring 
our readers to textbooks on tropical medicine and protozoology for descriptions 
of the amoebic and balantidial types. 

Historical. — ^Dysentery affords an illuminating example of a case in which the 
agglutination reaction was successfully employed to discover the causative agent 
of a disease. 

Studying the epidemic of dysentery in Japan in 1896, Shiga (1898) isolated 
from the faeces and intestinal wall of dysenteric patients a Gram-negative, non- 
gelatin-liquefying coliform bacillus. This organism, which was^ cultivated from 
34 patients, diflered from the common Bact. coli in its failure to coagulate milk, 
and in certain other cultural properties. At the same time nine other organisms 
were cultivated. To ascertain which of them, if any, was causally related to the 
disease, Shiga tested the action of the patient’s serum on each one of them. Only 
one of the types was agglutinated. This type was, moreover, never found in the 
faeces of patients suffering from other intestinal diseases such as typhoid or simple 
diarrhoea, nor was it agglutinated by the serum of such patients, or by the serum 
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of healtliy persons. In tke acute stage of dysentery it was present in almost pure 
culture in the blood-and-mucus stools ; but during convalescence its isolation 
was difficult or impossible. This bacillus he called Bact. dysenterice. Though fatal 
to laboratory animals injected parenterally, it did not reproduce the characteristic 
symptoms of dysentery when given by the mouth. 

In 1900 Flexner (1900a, 6), then a member of the Commission sent out by the 
Johns Hopkins University to study the diseases prevailing in the Philippine 
Islands, reported the discovery of a bacillus closely resembling Shiga’s. 

A similar organism was discovered, also in 1900, by Strong and Musgrave 
working at Manila. In the same year Kjuse (1900) in Germany described a bacillus 
that he had isolated from the faeces of 23 out of 24: patients sufiering from dysentery. 

There was at first considerable confusion with regard to the relation of these 
various strains to one another. This was finally elucidated by the investigations 
of Martini and Lentz (1902), who found that a serum prepared by the injection of 
a goat with Shiga’s strain agglutinated Shiga, Kruse, and one of Flexner’s strains 
(New Haven), but failed to react with Flexner’s other strains (1 and Manila) or 
with Strong’s bacillus. On the other hand, a serum prepared against Flexner I 
agglutinated Flexner I and Flexner Manila, but not Strong, Flexner New Haven, 
Shiga or Kruse. They likewise found that all of these bacilli were non-motile 
and non-flagellated. On a serological basis, therefore, they concluded that Shiga, 
Kruse, and Flexner New Haven were identical, and differed from Flexner I, 
Flexner Manila, and Strong ; these two Flexner strains likewise differed from 
Strong’s bacillus. This conclusion received striking confirmation from the 
further work of Lentz (1902) ; testing the sugar reactions of the dysentery bacilli, 
he was struck by the observation that Flexner I, Flexner Manila, and Strong all 
produced acid in mannitol, whereas Shiga, Kruse, and Flexner New Haven did not. 

Lentz’s work served to divide the dysentery bacilli into (1) the non-mannitol- 
fermenters — Shiga and Kruse ; and (2) the mannitol-fermenters — Flexner I and 
Manila, and Strong. The former group was called the Shiga or the Shiga-Kruse 
group, the latter the Flexner group. (It is clear that Flexner isolated both the 
Shiga and Flexner types in the Philippines ; but the one that bears his name is 
exclusively the mannitol-fermenting type.) 

It win b^ noted that without the agglutination reaction it would have been 
extremely difficult to prove the aetiological role of the dysentery bacillus. This 
organism, unlike Salm. typM, does not invade the blood stream, and cannot there- 
fore be cultured from the blood. It does not reproduce the disease on injection 
into animals ; and by cultural properties alone it is not easily distinguishable 
from closely aUied organisms. The agglutination reaction, in conjunction with 
the invariable presence of this bacillus in the acute stages of epidemic dysentery, 
sufficed to differentiate it from other organisms and to indicate its pathogenicity 
to man. 

Besides the Shiga-Kruse and the Flexner group, numerous other organisms, have 
been found capable of giving rise to dysentery, such as Sh. sonnei, SL schmitzi, 
SJi. neu'castle, Sh. boyd, and according to some workers members of the para-Shiga 
group (see pp. 1567-1569 and Chapter 29). 

Epidemiology. 

Bacillary dysentery is primarily an epidemic disease *; but like most epidemic 
diseases it often occurs endemically. At present it is commoner in tropical than 
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in temperate climates, but this is largely due to lack of adequate sanitation and 
personal hygiene. In former times, when sanitary measures were not so well 
snforced as they are now, dysentery was widespread all over Europe ; and in our 
own times it needed only a war with its accompanying indifferent sanitation to 
allow it to become rampant again. Wherever large numbers of men are in close 
contact for any length of time under poor hygienic conditions, dysentery may 
be expected. Thus it has always been, and to a certain extent sthl is, a disease 
of armies, gaols, hospitals, and asylums. Amoebic dysentery, on the other hand, 
occurs sporadically, and is mainly confined to tropical countries. 

Though in the past recognition has been accorded almost solely to dysentery 
in its epidemic form, increasing attention has been paid of late years to the endemic 
disease. The careful study carried out by Bojlen (1934:) in Denmark has shown 
that in that country the disease is widespread and of frequent occurrence. Similar 
conclusions have been reached in the United States as the result of surveys by 
McGinnes and his colleagues (1936) in Virginia, and Watt, Hardy and DeCapito 
(1942) in Hew Mexico, Georgia, and Puerto Rico. The real incidence of the disease 
is difficult to assess, since in most countries only the severe cases are notified. In 
Great Britain the reported cases rose from 683 with 155 deaths in 1928 to 4,167 
with 139 deaths in 1937 ; but there is strong reason to believe that the actual 
number of cases was considerably in excess of these figures. As Bojlen (1934) 
in Denmark and Charles and Warren (1929) in this country have shown, the 
majority of the recognized cases occur in children. The sexes are attacked equally. 
The case mortality varies widely according to circumstances and particularly to 
age. It is especially high in mental hospitals, in times of famine, and in infections 
due to the Shiga bacillus. In the first three months of life it tends to be high, 
but it decreases gradually till about three years of age. In Uruguay, for example, 
Hormaeche (1940) recorded a case-fatality rate in infants under one year of age 
of 45 per cent., and Blacklock and Guthrie (1937) in Glasgow of 59 per cent. These 
figures relate to the severer cases that were admitted to hospital, and are not truly 
representative. Eor the population as a whole the case-fatality rate in frank 
cases of the disease in Denmark, Great Britain and the United States is probably 
about 2 per cent. (Bojlen 1934, Scott 1938, Weil 1943). In temperate zones the 
disease is commoner in the summer months, but the seasonal difference in incidence 
is relatively small. In sub-tropical and tropical countries, however, the effect 
of season is more striking. According to Rogers (1913), for example, bacillary 
dysentery in India is at a minimum in the cold months of January and Eebruary. 
With the onset of the hot weather in March there is a small rise, followed, however, 
by a fall during the very hot months of May and June. The maximum increase 
follows closely the beginning of the heavy monsoon rains in July, and the incidence 
reaches its highest point in August and September. With the cessation of the 
rains late in October and the fall of temperature, the incidence steadily declines. 

It is of interest to note that the months when dysentery is most common are 
also the months when flies are most abundant. In this country Graham-Smith 
(1911-12) showed that non-lactose-fermenting Gram-negative bacilli could often 
be isolated from flies during the summer months when diarrhoea was prevalent, 
and that these insects could contaminate food over which they walked. 

Working in Fiji, Manson-Bahr (see Bahr 1912) likewise obtained evidence that 
infection was partly carried by the house fly. The fly population was at its maxi- 
mum when dysentery was most prevalent. Ample opportunity existed for con- 
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taminatioiL of tlie food ; and Sh. sMgce was actually isolated from tKe lower intestinal 
tract of two flies caught on the bed of a patient suffering from acute dysentery. 
This suggestion was confirmed by the careful work of Taylor (1919) during the 
first world war. In the Salonika Expeditionary Force the maximum incidence 
of dysentery occurred when flies were most abundant. The conditions of tem- 
perature and humidity most favourable for fly breeding were present between the 
middle of April and the middle of June, and again between the middle of September 
and the end of October. Corresponding to this, the peak of the dysentery curve 
was reached at the end of May and at the end of October. During the hot dry 
weather of July, August, and early September, both the fly prevalence and the 
dysentery incidence curves fell practically to zero (Fig. 284). Experiments made 



Showing the relationship between the prevalence of flies and the incidence of dysentery in the 

Salonika Expeditionary Eorce. 

Continuous curve = Number of flies trapped per diem. 

Interrupted curve =: Incidence of dysentery cases per 1,000 per diem. 

(After Taylor.) 

to test the ability of flies to carry dysentery bacilli showed that these insects, 
after feeding on milk cultures or on dysenteric fseces, might remain infective for 
24 hours. Of 1,670 flies caught under natural conditions, 1 from a hospital kitchen 
was carrying Sk sMgce, and 8 were carrying Flexner’s bacillus. Manson-Bahr 
(1919) likewise isolated Sh. sMgce from the lower intestine of flies in Palestine. 
It is doubtful whether under the modern sanitary conditions of Western civilization 
flies play more than a small part in the transmission of either the epidemic or 
the endemic disease. In the East and Middle East, however, as has been shown 
again in the experience of the second world war, fly-borne infection is of major 
importance (Fairley and Boyd 1943) ; and even in the United States it is not 
unknown under military conditions (Kuhns and Anderson 1944). Though dysen- 
tery bacilli may be found occasionally in the intestinal contents of these insects, 
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they do not appear to survive for more than a few days. The probability is that 
flies act mainly by carrying infective material on their feet rather than in their 
intestine. 

Epidemic infection may result from the contamination of milk or of ice-cream ; 
several well-authenticated outbreaks due to these vehicles have now been recorded 
in different countries. Under exceptional conditions the disease may be water- 
borne ; but though one large outbreak in Japan due to an aberrant dysentery 
bacillus affecting 11,000 persons and causing 500 deaths (Report 1938), another 
large outbreak in Kansas due to Sh. flexneri affecting 3,000 persons (Kinnaman 
and Beelman 1944), and a smaller outbreak in this country affecting about 400 
persons, in which Sh. sonnei was isolated from the water itself (Green and 
Macleod 1943), apparently arose in this way, the evidence does not suggest 
that epidemic disease is often determined by such means. In Java, however, 
where peculiar conditions prevail, bacillary dysentery is said to be predominantly 
a water-borne disease (Fairley and Boyd 1943). Food, especially of the ready 
cooked type, probably constitutes an important means of transmission. 

Infection is derived as a rule from cases, particularly ambulant cases, of the 
disease, from healthy convalescents, from sjTmptomless carriers — usually temporary 
— and probably far less often, except in mental institutions, from chronic carriers. 
The organisms, which are excreted in the faeces, may gain access to food through 
the imperfectly cleansed fingers of the patient or carrier ; or they may pass from 
one person to another by contact with inanimate articles such as seats, door handles, 
and water-flushing devices in lavatories, bed-pans and washing bowls in hospital 
wards, pencils and books in schools, and crockery and glasses in restaurants. There 
are in fact so many ways in which infection may spread that, once it is introduced 
into nurseries or children’s wards in hospitals, it is often extremely difficult to 
eradicate. 

Bacillary dysentery varies greatly in its clinical manifestations and in it^ 
severity. In every outbreak there are a number of cases of simple diarrhoea, which 
are nevertheless caused by the dysentery bacillus. Entirely symptomless carriers 
are not uncommon, and in endemic areas may constitute a considerable proportion 
of those found to be infected (Watt and Hardy 1945). Even though the disease is 
often fatal in infants and very young children, it may be extremely mild and give 
rise to no more than a trivial disturbance of the bowel disappearing within 24 hours 
(Report 1943a). Occasionally food-borne outbreaks, particularly of the Sonne type, 
are characterized by acute gastro-enteritis rather than by true' dysentery (Rohleder 
1938, Report 1942a). A very small number of cases of dysentery that recover, 
about 2 to 3 per cent, accorchng to Bojlen (1934), are said to suffer from chronic 
colitis. Among the few complications that may occur conjunctivitis is to be looked 
for about the tenth day of the disease and iritis during the second week ; arthritis ® 
and neuritis are sometimes met with (Manson^Bahr 1942). 

Asylum Dysentery. — Asylum dysentery is a particular form of the endemic 
disease occurring in a closed community. It is to Kruse (1901) that its recognition 
as an infectious disease was mainly due. In this country Mott (1901-02) made 
a careful study of the condition from its clinical and epidemiological aspects. 
More recently Bojlen (1934) carried out an extensive series of observations in 
Denmark. He found that, in contrast to'endemic dysentery in the general popula- 
tion, asylum dysentery is characterized by a high case mortality, varying from 
about 10 to 20 per cent. Relapses, and probably re-infections, are very common, 
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and as many as 50 per cent, of tlie inmates may suffer from chronic dysentery. 
Persistent carriers are met with, and together with the numerous patients suffering 
or recovering from dysentery, they provide a continual source of infective material 
which is responsible for the further propagation of the disease. Spread of infection 
by carriers is of course rendered particularly easy owing to the low standard of 
personal hygiene among the insane. 

Bacteriological Findings in Different Epidemics. — One of the striking features 
of the bacteriology of dysentery is that in any large epidemic it is almost invariable 
to find bacilli of more than one type. A pure shigce or a pure flexneri epidemic 
on a large scale appears to be a rarity, though in small outbreaks a single type 
may alone be isolated (Kruse et al, 1907). Not only so, but in any large outbreak, 
besides the well-defined Shiga and Flexner bacilli, it is usual to isolate a number 
of other organisms. In the past these have been referred to as para-Shiga, in- 
agglutinable Flexner, or more generally para-dysentery bacilli. Our increasing 
knowledge has served to classify many of these organisms into Schmitz, Sonne, 
Boyd and Newcastle types. There remain, however, a number of strains whose 
exact classification is at present doubtful, and whose role in the causation of dysen- 
tery still awaits elucidation. Where the disease is endemic, only one or two types 
may be concerned, and in institutions only a single type may be found. 

In different epidemics, in different countries, and at different times, the propor- 
tion of cases due to different bacillary types varies considerably ; and even in the 
same epidemic the results of different observers may show a marked dissimilarity 
in this respect. In the British Salonika Force, Dudgeon (1919) and his co-workers 
obtained the following distribution of organisms in bacteriologically positive cases 
of dysentery (Table 139) : 


TABLE 139 



No. of Cases. 

Percentage. 

Sh. shigce . . . 


336 

38-3 

Sh. flexneri Y . 

, , 

603 

67-6 

Other Types 

• • 

36 

4-1 


That is to say, Flexner’s bacillus was half as common again as Bh, shigce. But 
Graham (1918) and his co-workers, who investigated 2,500 cases of dysentery and 
diarrhoea in the British Salonika Force at much the same time — June, 1916, to 
the end of 1917 — ^found that of the severe and moderately severe bacillary dysen- 
teries 75 per cent, were due to Sh, shigce and only 25 per cent, to Sh. flexneri 7, 
^ whereas of the mild bacillary dysenteries 75 per cent, were due to BTi. flexneri Y 
and only 25 per cent, to Bh, shigce. 

The figures given by Boyd (1936) in India are more complete (Table 140). 
They show that just over half the strains isolated were of the classical Flexner 
type, and that about 13 per cent, belonged to newly recognized Flexner or Boyd 
types ; Shiga’s bacillus constituted about 15 per cent., Schmitz’s bacillus 5' per cent, 
and Sonne’s bacillus 9 per cent, of the total strains studied. 

In the United States Shiga’s bacillus^ seems to be uncommon. Hardy, Watt, 
Kolodny and DeCapito (1940), who isolated 2081 strains of dysentery bacilli from 
cases of diarrhoea and dysentery in New Mexico during the years 1936, 1937, and 
1938, did not meet with it once. They identified 65*0 per cent, of their strains 
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as 8%. flexneriy 19*1 per cent, as Sh sonnei, and 15-9 per cent, as Sh. newcastle, 
SMga’s bacillus is, in fact, seldom met with except in tropical countries and East 
Asia (Weil 1943). 


TABLE 140 

Types of Dysentery Bacilli Isolated in India 1932 to 1934 (modified from 

Boyd 1936) 



No. of Strains. 

Per cent. 

Sh. shigse 

820 

14-94 

Sh. schmitzi 

296 

5-39 

Sh. newcastle (Type 88) 

240 

4-37 

Sh. fiexneri Types V, W, X, Y, Z 

2,888 

52-61 

„ „ Type 103 

135 

2-46 

„ „ TypePllO 

lOO 

1-82 

Sh. hoyd Type 170 

134 

2-44 

.. Type P288 

26 

0-47 

» » Type P274 

47 

0-86 

„ „ Type D1 

41 

0-75 

,, .. Type D19 

5 ! 

0-09 

Inagglptinable mannitol fermenters 

57 

1-04 

Mannitol fermenters not fuUy investigated .... 

95 

1-73 

Sh. sonnei 

508 

9-25 

Inagglutinable lactose and snerose fermenters . 

97 

1-77 


5,489 

99-99 


Clinically the disease due to Shiga’s baciEus is much more severe than that 
due to Flexner’s ; as well as the abdominal pain, diarrhoea and tenesmus, there 
is often a profound toxaemia ending in collapse. Comphcations such as arthritis 
(Graham 1919, Eeport 1919) and iridocyclitis, when they do occur, are almost 
invariably associated with the Shiga type of infection. Moreover, recovery from 
dysentery due to Sh. shigce is a slow process ; freq[uently the patients remain 
debilitated for months, and on attempting to resume work are liable to relapse 
(Fletcher and Mackinnon 1919). This corresponds with the result of animal 
experiments, which show that Shiga’s bacillus is much the more toxic organism 
of the two. 

^Besides the historically well-known Shiga and Flexner types, a number of other 
types have been recognized of late years. Some of these play a very important 
part in the causation of dysentery, particularly of the endemic and institutional 
variety, and require attention. 

Schmitz’s Bacillus. — This was described by Schmitz (1917), and called B. 
amUguus by Andrewes (1918). It was first encountered (with the possible excep- 
tion of an American outbreak, see Park and Carey 1903) as the cause of an epidemic 
of dysentery in a Eoumanian Prisoners of War Camp. The morbidity rate was high 
—10 per cent.— but the deaths were few. The bacillus, which, it will be remem- 
bered, differs from Sh. shigce in producing indole, was isolated from a number 
of the patients. It was agglutinated by their serum to a titre of 1/500 to 1/1,000 ; 
Shiga’s bacillus was likewise -agglutinated to much the same titre, but Flexner’s 
bacillus only to between 1/200 and 1/500. Apparently the bacillus was able to 
give rise to the production of group agglutinins, which were especially active 
towards Sh. shigce. Incidentally it is interesting to remark that the epidemic 
occurred in the depth of the very severe winter of 1916—17 , and indeed reached its 
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maximum in January of tlie latter year. There is little doubt from Schmitz’s 
account that the insanitary conditions prevailing in the camp were sufficient to 
explain the spread of the disease. This bacillus has now been found in other 
countries (see Mandry 1935, Boyd 1935, 1936). Of late years it has been reported 
mainly from institutions, especially for mental patients. Schleifstein and Coleman 
(1937), for example, recorded an outbreak affecting 200 persons in a New York 
State institution ; and in this country reports of cases in mental institutions 
have come from Evans (1938) in Wales, from Knox in Leicester (Beport 194:2c), 
and from Shera (194:3) in Eastbourne. It is rarely responsible for more than a 
minority of cases in any given area. 

Para-Shiga Bacilli.— Attention was drawn by Dudgeon and Urquhart (1919) 
to the occurrence among dysentery cases in Macedonia of non-mannitol-fermenting 
bacilli that failed to agglutinate with a Shiga antiserum. Since then, numerous 
authors have made similar observations, such as Large and Sankaran (1934) and 
Sachs (1943) in India, Ali (1938) in Egypt, and Hazen (1938) in the United States. 
Some of these so-called para-Shiga bacilli produce indole, others do not. They 
differ also in arabinose fermentation and in certain other ways. Sachs (1943) 
recognized eight different types, all antigenically distinct. At Quetta, where he 
looked for them carefully, they constituted 7 per cent, of the dysentery strains 
isolated. They were found mainly in the first three days of the disease, and were 
absent from control patients. As a rule agglutinins appeared in the serum of 
the patient, reaching a titre of 1/250 or 1/500 ; no agglutinins were found in a 
series of 200 Wassermann sera examined. Of the para-Shiga strains isolated, 
93 per cent, came from cases of acute dysentery, in which no other type of dysentery 
bacillus could be demonstrated. In view of these observations, and of others so 
far unpublished, there is little doubt that para-Shiga bacilli may give rise to 
clinical dysentery. 

Sonnets Bacillus. — This is a more important organism. Though it had un- 
doubtedly been previously observed in the United States and Germany, it was 
Sonne’s description in 1915 that drew serious attention to it. From a number of 
sporadic cases of dysentery in Denmark Sonne cultivated a bacillus differing from 
&h, Jlexneri in its late fermentation of lactose, in its marked production of acid 
in litmus milk during the second week of incubation, and in its different serological 
reactions. In an investigation of dysentery in Norway, Thjotta (1919) found that 
25 out of 65 strains isolated conformed to the Sonne type. More recent work in 
Denmark (Bojlon 1934) has shown that Sk. somiei is as common as Sh. jlexneri 
in the causation of endemic and institutional dysentery. In this country the 
organism has been often encountered (see Channon 1926, Kerrin and Cruickshank 
1926, Fyfe 1927, Hay 1930, Cann and de Navasquez 1931, MacGill and Downie 1932, 
Pickles 1932, Nabarro and Signy 1932, Laws 1936, Carter 1937, Thornton and 
Darmady 1938). It seems to be very common in the United States and Canada 
(see Johnston and Brown 1930, Nelson 1930, Leahy 1931, Felsen and Osofsky 
1934, Weil 1943), and has been observed in several other parts of the world. It 
is most frequently met with in endemic dysentery, particularly in asylums, 
children’s hospitals, and nurses’ hoipes. In infants it may give rise to an acute 
toxic form of dysentery, which in Japan is known as Eldri, The disease may, 
however, occur in epidemic form, and several milk-borne outbreaks have been 
described (see Sylvest 1933, Bojlen 1934, Felsen and Osofsky 1934, Bowes 1938, 
Faulds 1942, 1943). Leuchs and Heim (1930) report an outbreak involving 51 
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persons due to infected clieese. Clinically, Sonne dysentery is said by some 
observers to be less severe tban Flexner dysentery, but Bojlen (1934) disputes 
this. Mild and atypical cases of the disease are common in any reasonably large 
outbreak. As has already been mentioned, Sonne’s bacillus often gives rise to 
acute gastro-enteritis rather than to dysentery proper. Bohleder (1938), who 
analysed 118 cases in which this bacillus was demonstrated, found that 72 of them 
had run a clinical course indistinguishable from that of a simple gastro-enteritis. 
Bacteriologically, the organisms are found in the faeces, and occasionally in the 
urine (Bohleder 1938) ; agglutinins are often demonstrable in the blood serum 
of patients suffering or convalescent from the acute disease. The closely related 
organism, STi. dispar ^ has so far not been definitely incriminated as a cause of 
dysentery, but further observations are required (see Forsyth 1933). The fact 
that some indole-positive strains were isolated by Felsen and Osofsky (1934) and 
Beck and Buckle (1939) from hospital outbreaks of dysentery suggests that this 
organism cannot be dismissed as a possible cause of the disease. 

Newcastle Bacillus. — This organism was first recognized as a cause of dysentery 
by Clayton and Warren (1929a, b) in Newcastle. Downie, Wade and Young (1933) 
in Manchester described a similar organism, differing in the fermentation of man- 
nitol ; and Boyd (1936) in India described under the term Type 88 another organism 
that fermented mannitol but produced no trace of gas in glucose. Whitehead 
and Scott (1934) pointed out the relationship between these three organisms. The 
Newcastle bacillus, in one or other of its variant forms, has now been isolated 
from many parts of the world. In the series of 2,081 strains of dysentery bacilb 
studied by Hardy, Watts, Kolodny and HeCapito (1940) in New Mexico, it con- 
stituted no less than 15*9 per cent, of the total. 

Shigella flexneri Types 103 and P119. — Type 103 formed 4*1 per cent, and 
P119 2*7 per cent, of 4,856 strains of mannitol-fermenting dysentery bacilli studied 
by Boyd (1938) in India during the years 1932 to 1934. From the evidence pre- 
sented by Boyd (1931, 1936) there seems little doubt that both these organisms, 
which are antigenically related to Sh,flexneri, are capable of giving rise to dysentery, 

ShigeUa boyd Types 170, P274, P288, Dl.— Types 170, P288, and D1 are believed 
by Boyd (1939-40) to be responsible for some cases of dysentery. In India they 
comprised 3*9, 1*3, and T4 per cent, respectively of the series of 4,856 strains 
alluded to above. "P274, whose pathogenicity seems to have been established 
by Eothstadt, Fenner and Baker (1942), comprised 1*5 per cent. 

Shigella alkalescens, — That this organism is occasionally pathogenic to man 
there seems little doubt. It was isolated from the blood stream of a woman 
suffering from puerperal fever (Smith and Fraser 1928), and was encountered in 
an institutional outbreak of food poisoning (Welch and MicMe 1934). It has 
been cultured from the fseces of sporadic cases of dysentery, chronic enteritis, and 
diarrhoea (see Brown and Anderson 1936) ; but it seems to be found most frequently 
in infections of the urinary tract (Snyder and Hanner 1937, Neter and Heide 1940). 
Like many other non-lactose fermenters it is commoner in the inflamed than in 
the normal intestine, and its mere presence cannot therefore be regarded as estab- 
lishing its pathogenicity. 

The rdle of Morgan’s No. 1 bacillus — Proteus morgani — is likewise doubtful. 
Douglas and Colebrook (1917) found it in 29 per cent, of patients who had contracted 

P,B. 3 ** 
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dysentery in Gallipoli, while Candler and Dean (1911) isolated it from 5 out of 16 
patients suffering from asylum dysentery. It seems to be an organism that is 
capable of multiplying in the intestine under suitable conditions, but it can hardly 
be ranked along with the Shiga, Flexner, and Sonne types as a primary cause of 
dysentery. 

Dysentery Carriers. — Patients recovering from an acute attack of dysentery 
may continue to excrete the bacilli in their stools. Generally this excretion lasts 
for only a week or so, but a small proportion become persistent carriers. 

Fletcher and Mackinnon (1919), who during the war of 1914-18 had unrivalled oppor- 
tunities for studying the carrier condition in a depot for dysentery convalescents, found 
that of 935 patients 71 or 7-59 per cent, were carriers, and that 26 or 2-78 per cent, were 
persistent carriers. (They defined “persistent carrier” as one who carried the bacilli 
for more than 3 months after the beginning of the disease.) Of the 71 carriers 58 were 
carriers of Flexner’s and 13 of Shiga’s bacillus. Between these two classes there were 
striking differences. All the shigee carriers belonged to the persistent group, whereas 
only 13 of the flexneri carriers were persistent excreters. The shigee carriers excreted the 
bacilli with greater constancy than did the flexneri carriers ; thus out of 469 samples of 
fseces from shigm carriers the bacillus was isolated 207 times, or once in every 2-26 specimens ; 
whereas of 1,803 samples from flexneri carriers the bacillus was found only 330 times, or 
once in every 546 specimens. The flexneri carriers had a tendency to be intermittent ; 
the bacillus was excreted for one or two days in succession, and then not again for a month 
or more ; it was then excreted once more, only to disappear again after a few days. Even 
more striking was the climeal difference between the two series. The shigee carriers looked 
iU and suffered from chronic dysentery and extreme mental depression ; the flexneri 
carriers, on the other hand, were in moderately good health and were comparatively 
cheerful. This is to be attributed in part at least to the frequent relapses to which the 
shigee carriers were subject ; no sooner had their diarrhoea ceased and their general con- 
dition improved, than the slightest dietetic indiscretion or resumption of exercise or work 
brought on again an acute attack of the disease. 

The conclusions to be drawn from these observations are that dysentery due 
to Sh. shigee is altogether a more serious condition than that due to Sh. flexneri, 
and that its liability to become chronic renders it a cause of prolonged invalidism. 
Both classes of carriers are, however, a danger to the community, and every 
practicable step should be taken to avoid their spreading the disease. 

Studying institutional dysentery in Denmark due to SJi, flexneri and Sh. sonnei, 
Bojlen (1934) was struck by the frequency of persistent carriers. Some patients, 
whose stools were systematically examined, were found to excrete the bacilli for 
years. The experience of most workers, however, shows that chronic carriers — 
that is, those who excrete the organism for a year or more — are infrequent, and 
therefore play but a small part in the spread of the disease, except perhaps in 
mental institutions. 

It is sometimes stated that there are no healthy carriers of dysentery bacilli, 
and that all those who excrete the organism are suffering from chronic dysenteric 
lesions (see Scott 1938). The evidence’ in favour of this view is far from con- 
vincing. Several workers have demonstrated the presence of Sh, flexneri, Sh, 
sonnei, Sh, schmitzi, and even Sh. shigee in completely symptomless carriers (see 
Report 19426, d, Wed 1943). It is possible that before the introduction of desoxy- 
cholate citrate medium, cultures were successful only from heavily infected persons ; 
but now that even small numbers of dysentery baciOi may be demonstrated, the 
existence of perfectly healthy carriers is no longer in doubt. Hardy, Watt and 
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DeCapito (1942), foi example, found tliat in an endemic area as many as 3*8 per 
cent, of persons who gave no history of illness during the preceding year were 
passive carriers ’’ of the dysentery bacillus. Doubtless they had been in contact 
with other carriers or cases, and had become infected without developing the 
disease. 

The introduction of S.S. and desoxycholate media has also led us to modify 
somewhat our ideas on intermittency of excretion. Even so, it is not uncommon 
to observe intermittency in convalescents and carriers, though less often than 
formerly (see Cruickshank and Swyer 1940, Beport 1942e). The apparent duration 
of excretion has been extended by the use of these media. Most workers would 
have been prepared to accept Eletcher and McKinnon’s (1919) findings that not 
more than 2 to 3 per cent, of convalescents carried the bacillus for over three 
months. Watt, Hardy and DeCapito (1942), however, working with S.S. and with 
desoxycholate citrate media, found that 11 per cent, of Elexner, 10 per cent, of 
Newcastle, and 7 per cent, of Sonne carriers excreted the bacillus for over ten 
weeks. 

In conclusion it is worth while comparing dysentery with other enteric infections, 
notably typhoid. Dysentery has a short incubation period, about 48 hours as 
a rule. It is essentially a local disease ; the bacilli remain confined to the intestine 
and to the mesenteric glands ; they do not invade the blood stream, nor are they, 
except occasionally, found in the spleen or liver. In this respect dysentery — of 
the sM^cb type — has been compared to diphtheria ; the bacilli produce a necrosis 
of the intestinal mucosa, often with pseudo-membrane formation, and their toxic 
products are absorbed, giving rise. to profound systemic disturbance. The disease 
may also run a chronic course. Typhoid fever, on the other hand, has a long 
incubation period — ^up to 21 days ; it is primarily a septicsemic disease with 
secondary localization in the intestine ; the bacilli do not produce a soluble exotoxin ; 
and the disease has little tendency to become chronic. 

Laboratory Infectioii in Man, — ^It has been pointed out in Chapter 29 that, 
with the possible exception of monkeys, dysentery cannot be reproduced in labora- 
tory animals. There are, however, a few definite cases recorded in the literature 
of experimental infection in human beings. Kruse (1901) mentions the case of Dr. 
Stocker, an assistant in his laboratory at Bonn, who apparently infected himself 
while working with cultures of Shiga’s bacillus. He sufiered from a mild attack 
of the disease ; the bacilli were isolated from his stools ; and a typical rise and 
subsequent fall were observed in his blood agglutinins. For several years previously 
there had been no dysentery in the town. Elexner (19006) likewise records the 
case of a laboratory assistant at Baltimore, who aspirated a fluid culture of the 
Elexner Manila strain into his mouth. He spat it out and rinsed his mouth with 
weak phenol, but within 48 hours he had severe diarrhoea, pain, and tenesmus, 
with blood and mucus in his stools. Unfortunately no cultures were made. 

Diagnosis. 

Blood and urine cultures are almost invariably sterile. In the bacteriological 
diagnosis of dysentery most stress should be laid on the isolation of the specific 
organism from the faeces, less on the presence of agglutinins in the patient’s serum. 
The faeces should be examined as early as possible in the disease. The highest 
percentage of positive results is obtained from blood-and-mucus stools 
(Table 141). 
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TABLE 141 

Showing Pkoportion op Isolations op Dysentery Bacilli prom different Types op 

FiEOES (Beport 1919). 

Total number of cases examined = 3,125. 



Blood and Mucus. 

Diarrhoeal Stools 
plus Mucus. 

Diarrhoeal Stools. 

Total Number Bacterio- 
logically examined. 

1,103 

741 

1 

1,281 

Positive .... 

664 or 60-2% 

160 or 21-6% 

i 60 or 3-9% 

Negative .... 

. 

439 or 39-8% 

681 or 78-4% 

1 1,231 or 96-1% 


The best results are obtained when the blood and mucus are examined within an 
hour of being passed, before other organisms have had time to proliferate. If 
this is impossible, the mucus or faeces should be collected into a buffered 30 per cent, 
glycerol saline solution, such as that described by Sachs (1939), which prevents 
the dysentery bacilli being destroyed by the acid produced during the growth 
of other organisms. Eectal swabs are often of value in acute cases, or when 
special care has to be exercised to avoid substitution, or, in hospitals, in order 
to avoid contamination of the sample through imperfectly sterilized bed-pans. 

Microscopical examination of the mucus in the early stage of acute bacillary 
dysentery shows an extreme degree of cellularity, 90 per cent, or more of the cells, 
apart from red blood corpuscles, being polymorphonuclears. In the later stages 
the number of cells decreases, the pus cells become degenerate and proportionately 
fewer, the red blood corpuscles are scanty or absent, mononuclear cells increase, 
and the exudate, in coming to resemble that found in amoebic dysentery, loses 
its diagnostic significance. 

Cultures should be made, preferably from washed flakes of mucus, on Leifson’s 
(1935) desoxycholate citrate agar or on the so-called S.S. medium, both of which 
are very much superior, especially in the examination of convalescents and con- 
tacts, to MacConkey’s or Endo’s medium (see Hardy et al, 1939, 1942, Hynes 
1942, Pot 1942, Eeport 1942/). The brilliant green method, which is of such 
value in the isolation of Salmonella, is of no help in the cultivation of dysentery 
bacilli, since these organisms are as susceptible to the dye as Bact. coli (Krum- 
wiede and Pratt 1914, Myers and Koser 1932). Colonies should be picked off 
into lactose broth, put through the sugars, and tested by the tube or the slide 
method against specific agglutinating sera of the types most likely to be met with 
in the area concerned. Slide agglutination must be used with care, particularly 
for colonies off selective media, since non-specific results are common. SMga’s 
bacillus on first isolation may be poorly agglutinable ; heating for 1 hour at 60® C. 
is said to improve it (Schiitze 1944). It should also be remembered that Flexner’s 
bacillus may contain somatic antigens of the Salmonella group. A motility test, 
preferably at 22® C., should never be omitted (Braun and Weil 1928). 

Agglutinins appear in the patient's serum about the 6th to the 12th day, but 
sometimes not till later, or not at all. The serum should be tested against standard 
suspensions of the common types of dysentery bacilli. The tubes are best incubated 
in a water-bath at 50® C. for 4 to 6 hours, left overnight at room temperature, 
and read finally the next morning. 

Much less attention can be paid to the presence of serum agglutinins in the 
diagnosis of dysentery than in that of enteric fever. This is partly because normal 
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limnan serum may contain agglutinins for dysentery bacilli, and partly because 
the group agglutinins may be so prominent as to render tbe diagnosis of tbe type 
of bacillus almost impossible. The value of tbe test depends to a considerable 
extent on tbe frequency distribution of normal agglutinins in tbe population. In 
endemic areas and in mental institutions in wbicb dysentery is common, inter- 
pretation of low serum agglutinin titres is very difbcult and often impossible (see 
Dudgeon 1919). On tbe other band, in areas in wbicb dysentery is uncommon, 
and especially in cbildren, whose serum is usually devoid of normal agglutinins, 
tbe test may be of value. Under these conditions a titre of 1/25 or over to Sh. 
sliigcB, Sh, schmitzi, or Sh, sonnei, and a titre of 1 /1 00 or over to Sh, fiexTieri is 
bigbly suggestive of active infection. Except to Sh, flexneri, tbe agglutinin titre 
seldom rises high, and often declines in early convalescence. In Sonne infections 
only about 60 per cent., as a rule, of patients develop serum agglutinins (Smith 
and Eraser 1930, Johnston and Brown 1930, Habarro and Signy 1932, Laws 1936, 
Cruicksbank and Swyer 1940), so that, while a positive result may be diagnostic, 
a negative result does not exclude tbe presence of active disease. In chronic 
cases agglutinins may persist for a long time. 

Diagnosis at autopsy should be made by taking cultures from tbe mucosa and 
submucosa of tbe afiected part of tbe intestine, and from tbe corresponding mesen- 
teric glands. (For a fuller description of tbe diagnosis of bacillary dysentery see 
Eeport 1920.) 

Prophylaxis, Vaccination and Serum Treatment, 

Prophylaxis. — Tbe general prophylaxis of bacillary dysentery is so similar to that 
of typhoid fever that there is no need to consider it in detail. Particular atten- 
tion should be paid to tbe extermination of flies, and to tbe protection of food 
from both flies and dust. Persons who have bad dysentery should not be permitted 
to act as cooks, or to have anything to do with tbe preparation of food. 

If an outbreak of dysentery occurs in an institution, attention should be con- 
centrated on tbe mode of preparation and distribution of food and on tbe prevention 
of direct and indirect cross-infection. Tbe kitchen staff and all those in any way 
concerned in tbe bandbng of food should be carefully questioned for a history 
of current or recent intestinal disturbance, and should be instructed to report 
directly to an officer who is solely responsible for tbe control of tbe outbreak. 
Intensive examination of the food personnel for tbe presence of carriers, some of 
whom may be entirely symptomless, is to be recommended provided adequate 
laboratory facilities are available. Repeated samples of stools are usually required 
in order to detect fresh cases of infection and intermittent excreters. Bacterio- 
logical examination may be extended to tbe whole institution, but as a rule it 
is sufficient to restrict this to tbe food persoimel and to segregate all other persons, 
whether staff or patients, who have a history of diarrhoea, dysentery, or chronic 
colitis (see Bojlen 1934). In hospital wards, however, bacteriological control is 
often necessary if infection is to be eradicated in the shortest possible time. Par- 
ticular attention should be paid to tbe disinfection of lavatory seats, door bandies, 
and water-flushing devices. Bed-pans are a fertile source of cross-infection in 
wards, and should be sterilized by b offing, steaming, or immersion in disinfectant 
after tbe contents have been evacuated. Under field conditions tbe fseces them- 
selves must be burnt or disinfected (see Fairley and Boyd 1943), but in institu- 
tions with a satisfactory conservancy system this is seldom required. Though it 
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often presents practical difSLculties, the rule should be enforced that no nurse 
handling bed-pans should have anything to do with the preparation or distribution 
of food. Each patient should have his own crockery and feeding utensils, which 
should be disinfected after use. All persons in the institution must be instructed 
to wash then hands thoroughly in a disinfectant solution, such as one containing 
0*l-0*2 per cent, of active chlorine, after defsecation. In mental hospitals conva- 
lescent and chronic carriers probably play a large part in perpetuation of the 
infection, and must be sought for and suitably controlled. 

Vaccination, — The value of vaccination in the prophylaxis of dysentery is still 
undecided. There are two main difficulties. Firstly, there are so many different 
types of dysentery bacilli that any vaccine to be effective would have to be poly- 
valent. Secondly, owing to the great toxicity of Shiga’s bacillus, the preparation 
of a suitable vaccine has so far proved impracticable. 

ISTumerous attempts have been made to overcome this latter difficulty by modifying 
the toxicity through the addition of tricresol (Gay 1902), eusol (Dean and Adamson 1916), 
hydrogen peroxide (Dean and Adamson 1916), formalin (Dumas, Kamon and Bilal 1926), 
or soft X-rays (Moore and Kersten 1936). Shiga (1903) advocated the use of a sero- 
vaccine, the first dose of which was followed in 4 days by an inoculation of bacilli alone. 
Antibodies were demonstrable in the blood of inoculated persons 3 to 4 weeks later. This 
method was used on about 10,000 persons in Japan during the years 1898-1900, and 
is said to have had httle effect on the morbidity, but to have decreased the mortality 
considerably. Unfortunately Shiga gave no exact figures of the results. OHtsky (1918) 
has suggested the use of a lipo-vacoine consisting of heat-killed bacilli suspended in neutral 
almond oil, on the principle that, owing to slower absorption of the toxin, the patient’s 
reaction should be correspondingly less. Iguchi, Ohstubo and Eguchi (1933) have tried 
oral vaccination with apparently satisfactory results ; these, however, stilL await confirma- 
tion. More recently Boivin and Mesrobeanu (1938) have recommended the use of a glyco- 
lipoid antigen extracted from Shiga’s bacillus, and Morgan and Schiitze (1943) a phenol 
extract of the somatic antigen. No satisfactory or convincmg evidence has yet been 
brought to show that in practice any of these vaccines is able to contribute significantly 
to the prophylaxis of Shiga dysentery. Eormol toxoid is said by O’Brien (1939-40) to 
be a good antigen for horses, but it seems doubtful from the work of Steabben (1943) 
whether it could be relied on to protect against infection with living bacilli. 

The difficulty of preparing a polyvalent vaccine against 6 or 12 types of dysen- 
tery bacilli and ensuring a satisfactory antigenic contribution from each of them 
is obviously considerable. Scott (1938) suggests for institutional use in this country 
a vaccine containing 150 million per ml. of each of the five common serological 
t3rpes of Elexner baciUi together with the same number of Newcastle and Soime 
bacilli. He advises a dosage of 0*5 to 1 ml. according to age, sex, and physical 
strength, the vaccine being given on admission and repeated annually. Though 
private reports are often favourable, it must be remembered that rigidly controlled 
observations on alternate vaccinated and control patients are seldom made ; and 
until more information is available it is probably wise to suspend judgment on 
the prophylactic value of dysentery vaccines. 

Serotherapy. — Todd (1904) working in London, and Rosenthal (1903, 1904) 
working in Moscow, showed independently that the soluble toxin contained in 
cultures of Sh. shigcB was able to give rise on injection into animals to a true 
neutralizing antitoxin. Todd found that the serum had definite protective pro- 
perties ; if it was injected intravenously into a rabbit, it protected the animal 
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against a lethal dose of toxin or of dead bacilli, given simultaneously or half an 
hour later. A horse serum that he prepared contained sufficient antitoxin per ml. 
to neutralize 20,000 lethal doses of toxin for a rabbit. The union of toxin and 
antitoxin appears to take place in constant proportion (Pfeiffer and Ungermann 
1909, Kolle et al 1924), 

Antiserum is prepared by the intravenous injection of horses, first with heat- 
killed and later with living bacilli (Flexner and Amoss 1915). More recently 
dysentery anatoxin has been used for the production of serum (Dumas et al, 1926). 

The titration of the serum is best carried out on the mouse, using intravenous inocula- 
tion (Kolle et al. 1924, Sudmersen et al. 1924). O’Brien and Runge (1925) suggested 
as a provisional standard that the unit of antitoxin should be that amount of serum which 
would neutralize the test dose— 0*2 mgm.— of a standard toxin ; the test dose was ap- 
proximately 10 lethal doses for the mouse. An improved method was described by 
Blake and Okell (1929), which according to Trevan (1929) leads to an increased accuracy 
in titration. Zozaya (1932) has used the polysaccharide precipitation test for the anti- 
bacterial standardization of serum, but Kurauchi and Nagata (1935) have reported 
unfavourably on this method. 

Under the Therapeutic Substances Act one unit of Shiga antiserum is contained 
in 1/200 ml. of a 1 per cent, solution of a standard dry (Copenhagen) serum. 

In practice the results of serum treatment are not very convincing. Shiga 
(1901), in Japan, tested the therapeutic effect of an antidysentery serum, the 
method of preparation of which is not recorded ; from his report we have con- 
structed the following table (Table 142). 

TABLE 142 

Showino Mortality of Patients in Hospital treated with Medicine alone or with 

Serum. 


Year. 

Hospital. 

Mode of 
Treatment. 

Ho. Treated. 

Died. 

Mortality. 

1895-99 . . . 

Municipal 

Medicine 

2,5Q5 

929 

Per cent, 

36-2 

1899 .... 


Serum 

88 

11 

12*5 

1897 .... 

Infectious 

Medicine 

34 

8 

23*5 

1898-1900 . . 

99 

Serum 

210 

20 

9*6 


Unfortunately ,the figures of the serum-treated cases are few ; moreover the com- 
parison, so far as individual hospitals are concerned, has been made between tKe 
mortality of cases treated with serum in one year and that of cases treated without 
serum in previous years. Shiga concludes, however, that serum treatment reduced 
the mortality to about one-third of its former value. (For records of results obtained 
by other authors previous to 1907 see Deane 1907.) 

During the first world war Graham (1918) treated a number of cases occurring 
in the British Salonika Force with a serum prepared against both Shiga and Flexner 
strains, and recorded favourable results in the relief of abdominal pain and tenesmus. 
During the second world war Fairley and Boyd (1943) had the opportunity of 
trying the effect of highly potent protein-digested anti-shigse serum containing 
20,000 I.U. per ml. . Its use was restricted to proved Shiga cases. It was given 
intravenously in a dose of 5 to 10 ml., and repeated daily when thought advisable. 
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Xo serum reactions were obseryed in a series of over thirty cases. Though clinical 
improvement sometimes followed, it was often only transient. The authors formed 
the opinion that the serum was of temporary benefit by neutralizing toxin, but 
failed to modify the course of the disease on account of its lack of antibacterial 
activity. This view is largely borne out by the animal experiments of Eelsen 
and Osofsky (1938), O^Brien (1939-40), and Steabben (1943). Eairley and Boyd 
would restrict the use of Shiga antiserum to fulminating or severely toxic cases 
immediately on admission to hospital, and to cases in which chemotherapeutic 
treatment has failed. The dosage should be not less than 200,000 I.U. intra- 
venously, repeated in 12 hours if necessary. 

On the whole, therefore, we may conclude that treatment with antitoxic serum 
to the Shiga bacillus is of limited and transient value. Its usefulness in practice 
is further curtailed by the inability to decide by clinical inspection alone whether 
a given patient is infected with the Shiga bacillus, or with some other type of 
dysentery bacillus. No evidence is available to show that a serum prepared 
against either the Elexner or the Sonne bacillus is of any therapeutic value (O’Brien 
1939-40). 

Treatment with bacteriophage has been tried. Some workers, such as Compton 
(1942), are convinced of its efficacy, but the findings are not sufficiejitly conclusive 
to demand detailed attention (see Biding 1930, Weil 1943, Eairley and Boyd 1943, 
Boyd and Portnoy 1944). 

Chemotherapy. — Treatment of dysentery cases with drugs of the sulphonamide 
group is now being extensively used, and, though caution is necessary in inter- 
preting the results (see Boland 1943), there is a general consensus of opinion that 
it constitutes a valuable form of therapy. There is still no unanimity on the 
best form of drug to employ. Sulphapyridine has been favourably reported on 
by Paulley (1942) and Swyer (1943), but most workers prefer sulphaguanidine 
on account of its lower toxicity and its lesser tendency to give rise to renal deposits. 
Eairley and Boyd (1943) recommend for acute cases an initial dose of 0-1 gm. 
per kilo of sulphaguanidine, a maintenance dose of 0*05 gm. per kilo 4-hourly 
so long as the number of stools exceeds five a day, and a further maintenance 
dose of 0*05 gm. per kilo, every 8 hours until the stools have remained normal 
for two days. The duration of treatment should not exceed 14 days. In mShy 
cases a lower dosage might well suffice. More recent work has pointed to the 
superiority of succinyl sulphathiazole (sulphasuxidine) and of sulphadiazine. 
The dosage for an adult of succinyl sulphathiazole need not exceed 10 gm. daily, 
divided into five doses (see Sm3rbh et al. 1943, Beport 19436, Boberts and Daniels 
1943). Sulphadiazine is recommended by Hardy, Burns and DeCapito (1943) 
for acute cases and succinyl sulphathiazole for convalescents and latent carriers. 
In very severe cases due to the Shiga bacillus it is well to combine chemotherapy 
with serum treatment. On the whole the available evidence seems to show that 
treatment with adequate doses of sulphaguanidine, sulphadiazine, or succinyl 
sulphathiazole cuts short the acute symptoms of the disease and lessens the chance 
of the patient’s becoming a convalescent or chronic carrier. Once the carrier 
state is established, the value of sulphonamide treatment appears to be less. It 
is, however, always worth trying, and is often successful in Elexner and Shiga 
infections (Bantz and Kirby 1942, de Candole 1943) ; Sonne carriers appear to 
be more refractory, though favourable results have been reported with succinyl 
sulphathiazole (Brewer 1944), 
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CHAPTER 71 


INFECTIVE ENTERITIS OF INFANCY 

The title of this chapter suggests that there is an infective and a non-infective 
enteritis of infancy, and that the two diseases can be distinguished. The first 
suggestion is doubtless correct; but though some cases are certainly infective 
and others are almost certainly not, there is a substantial modicum of cases between 
these two extremes that cannot be assigned with any assurance to one or other 
group. Our knowledge of the causative factors underlying much of the enteritis 
of infancy is very incomplete ; and all we can do in this chapter is to discuss certain 
types of enteritis which, either on bacteriological or on epidemiological grounds, 
appear to be infective. Since no satisfactory classification can yet be made on 
an setiological basis we shall, for convenience of description, divide the cases in 
a provisional and arbitrary manner into the following groups, realizing that, in 
opposition to all the canons of classification, the groups themselves are not mutually 
exclusive. 

1. Neonatal diarrhoea. 

2. Primary infective enteritis due to known pathogenic organisms. 

3. Primary infective enteritis due to, or associated with, organisms of doubtful 

pathogenicity— summer diarrhoea. 

4. Enteritis following the consumption of food containing toxic substances of 

bacterial origin. 

5. Infective enteritis of protozoal origin. 

6. Infective enteritis, secondary to or associated with parenteral infection. 

Epidemiology.— Though each of the six groups just mentioned has its own 
peculiar epidemiology, it will be well to give a picture of the disease as a whole. 
No satisfactory data exist on the incidence of infantile enteritis, either of the 
infective or of the non-infective type. It is probable, however, that the mortality 
figures, on which we shall have to rely, comprise mainly the infective cases. In 
considering the disease we shall not restrict ourselves entirely to infants under 
one year of age, but shall at times extend our survey to include children up to 
five years of age. 

It will be seen from Table 143 that the death rate from diarrhceal diseases 
in infants fell considerably during the first 30 years of the present century, so that 
in the 1931-35 quinquennium it was only about 15 per cent, of what it was at 
the close of the last century. Since 1930, however, the rate has remained more 
or less stable. 

Table 144 shows that the great majority of fatal cases occur during the first 
year of life, and that about 95 per cent, of deaths under five years of age occur 

1RSO 
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TABLE 143 

Average Annual Death Rate from Diabrhceal Diseases in Infants under 1 Year of Age 
PER 1,000 Live Births. England and Wales. 


Years. 

Average. 

Annual Death Bate. 

1896-1900 . . . 

31 

1901-05. . . . 

23 

1906-10. . . . 

18 

1911-15. . . . 

19 

1916-20. . . . 

9 


Years. 

Average. 

Annual Death Rate. 

1921-25 

8 

1926-30 

6 

1931-35 

5 ' 

1936 

5 

1937 

5 


during tlie first two years. The footnote shows that the death rate is higher in 
males than in females. 

Table 145 records the deaths from diarrhoea and enteritis according to the 
month of the year. Though deaths at all ages are included, it will be realized 


TABLE 144 

Deaths at Ages from Diarrhcea and Enteritis. England and Wales. 


Year. 



Age in Years. 




0-1. 

1-2. 

2—3. 

3-4. 

4-5. 

0-5. 

All Ages. 

1911 

31,899 

6,901 

1,097 

380 

186 

40,462 

46,212 

1916 

2,391 

702 

144 

48 

21 

3,306 

14,041 

1921 

11,705 

1,924 

320 

154 

1 102 

14,205 

17,086 

1926 

5,394 

969 

201 

129 

77 

6,770 

8,415 

1931 

3,284 

447 

99 

55 

48 

3,933 

5,222 

1936 

3,220 

260 

74 

37 

25 

3,616 

4,990 

1937 

3,086 

296 

61 

34 

29 



3,506 

4,925 


Note. — ^D uring tLese years 65*8 per cent, of the deaths under 5 years of age 

were in males. 


from the previous table that the majority of them refer to deaths during the first 
two years of life. It is evident that in the hot year of 1921 there was a striking 
seasonal incidence, the deaths during the months of August, September and 
October exceeding those during the other nine months of the year. Though 
detailed figures are not provided in the Eegistrar-GeneraTs report, it is known 


TABLE 145 

Deaths from Diarrhcea and Enteritis according to Month of the Year. 
(England and Wales. All Ages) 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun, 

Jill. 

Aug. 

Sep. 

Oct, 

Nov. 

Dec. 

1921 

942 

775 

793 

614 

600 

581 

1,591 

3,880 

3,066 

2,306 

1,162 

763 

1926 

585 

457 

436 

473 

4M 

442 

569 

896 

1,546 

1,309 

655 

679 

1931 

638 

377 

472 

399 

407 

380 

390 

403 

433 

461 

476 

■ 476 

1936 

398 

396 

463 

382 

407 

339 

397 

400 

481 

522 

401 

393 

1937 

366 

328 

386 

351 

427 

373 

408 

433 

470 

469 

441 

490 
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that in the hot yean of 1911, when there was a very high diarrhoeal mortality, the 
majority of the deaths likewise occurred during the same period. Since 1921, 
in spite of seven hot years, the gross excess of deaths during the late summer 
and early autumn has not been witnessed again, and there is now little evidence 
of seasonal variation in the death rate (see Graham-Smith 1939). 

Most authors stress the protective influence of breast-feeding. Niven (1904), 
for example, in Manchester, found that of 88 infants under one year of age suffering 
from summer diarrhoea, all but four were artificially fed. Gudfield (1912) in 
Paddington estimated that in 1911 the attack rate of breast-fed infants was 
28*3 per cent., and of those artificially fed 58*6 per cent. ; in the former group 
not a single infant died. Peters (1910) brought evidence to show that infants in 
the first year were more susceptible when artificially fed than those in the second 
year ; we may conclude, therefore, that breast-feeding is responsible for delaying 
the onset of the disease. Further evidence of the protective effect of breast-feeding 
was contributed by Grulee, Sanford and Schwartz (1935) in the United States, 
who analysed the morbidity and mortality statistics relating to 20,000 infants, 
and found that the incidence of gastro-intestinal disorders was considerably higher 
in the artificially than in the breast-fed group. Several other authors could be 
quoted to the same effect. Without wishing in any way to belittle the importance 
of breast-feeding, we may point out that it is hardly fair to form an estimate of 
the superiority of breast over artificial feeding by merely comparing the incidence 
or mortality of diarrhoea in the two groups of children. As Dr. A. Bradford Hill 
pointed out to us some years ago, there is a fallacy in assuming that the two 
groups are strictly comparable. The mere fact that an infant is artificially fed 
often means that it was not thriving at the breast. The artificially fed group 
therefore must contain a proportion of infants suffering from disturbed digestion 
of one sort or another, and it is in consequence not surprising that these should 
be more prone to develop enteritis than infants who are responding perfectly well 
to breast-feeding. Other factors, too, such as social status and environment, 
must tend to upset the comparison in favour of the breast-fed group. If alternate 
children under exactly similar conditions could be reared on the breast and on 
an artificial diet, it is probable that the mortality from enteritis would be lower 
in the breast-fed group, but the difference between the two groups would almost 
certainly be considerably less than that indicated by most of the figures quoted. 
Breast-feeding is beneficial, partly because human milk is on the whole more 
easily digested than cows’ milk ; and partly because breast milk is not subject 
to contamination from fingers, flies and other sources to which liquid cows’ milk 
is often exposed, and to which the devastating outbreaks of summer diarrhoea 
that occurred in the early years of the present century can be largely ascribed. 

Social and environmental factors play a part in the epidemiology of infantile 
enteritis. Broadly speaking, the lower the social class, the greater the degree 
of overcrowding in the homes, and the dirtier the domestic conditions, the commoner 
is the disease. Poorly nourished babies are more likely to be affected than those 
which are well nourished. The disease is particularly prevalent in hospitals and 
institutions, where it constitutes a serious hazard to life. Dobbs (1941), for example, 
goes so far as to say that gastro-enteritis is the greatest menace to infants suffering 
from pyloric stenosis admitted to English hospitals. Premature infants nursed 
in hospitals, particularly if they are not breast-fed, are likewise peculiarly subject 
to the disease. 
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Neonatal Diarrhoea 

This disease, which is sometimes referred to as epidemic diarrhoea of the new- 
born, has attracted attention only during recent years. E/ice, Best, Brant and 
Abramson in 1937 were able to collect reports on eight outbreaks, but since then 
numerous others have been described in the United States and Great Britain. 
Our information, however, about the disease is still fragmentary, and its etiology 
remains obscure. Almost all the reported outbreaks have occurred in maternity 
homes ; but it is quite possible that sporadic cases occur which are not recognized 
as being of the same nature as the epidemic disease. Infants are said to be attacked 
chiefly in the first fortnight after birth, but again too much weight should not be 
laid on this statement, because this happens to be the usual length of stay in 
a maternity home. Infants developing the disease after they have left the home 
will often be overlooked. Ormiston (1941), describing one outbreak, mentions 
that when, for various causes, infants were kept in hospital for longer than the 
usual 10- to 14-day period, 46 per cent, were older than a fortnight when first 
affected. On the whole, however, the evidence does suggest that the disease is 
restricted to infants under one month of age, and that the commonest age at the 
time of onset is 5 to 8 days. There is no apparent difference in sex incidence ; 
and though infants of the poorer classes are said to be more susceptible than those 
of the wealthier classes, social distinctions do not appear to be of great importance 
(Frant and Abramson 1938). Eeports on the relative incidence of the disease 
in breast-fed and artificially fed infants are conflicting (Eice et al. 1937, Best 1938, 
Baker 1939, Forbes and Olsen 1939, Cron et al. 1940, Ormiston 1941). Many authors 
have observed no difference between the two groups ; but this may perhaps be partly 
explained by the common custom in maternity hospitals of giving glucose water 
or some similar drink to all babies, thus affording a possible means of spreading 
infection. It is difificult to estimate the true morbidity of this disease. 

Eice, Best, Frant and Abramson (1937) say that among 3,672 babies born alive in 
eleven lying-in institutions in New York City between July, 1934, and December, 1936, 
505 are known to have contracted neonatal diarrhoea — a morbidity rate of 14 per cent. 
Among these the case-mortality rate was 46 per cent. Greenberg and Wronker (1938), 
referring to a New York hospital, mention a morbidity rate of 40 per cent, and a case- 
mortality rate of 29 per cent. In Great Britain Ormiston (1941) described outbreaks 
in three geographically separated institutions, and observed among 996 exposed infants 
a morbidity rate of 14 per cent, and a case-mortality rate of 29 per cent. In Sakula’s 
(1943) series of 25 cases, no fewer than 20 deaths occurred. 

Most authors agree on the high case-mortality rate, which may reach even 
80 per cent., but the high morbidity rates just quoted must be understood to 
refer only to institutions in which the disease occurs. So far as can be ascertained 
from reported figures, the disease is unknown in the majority of maternity hospitals, 
so that its total incidence is probably low. There is little to suggest any particular 
seasonal prevalence ; outbreaks occur in the winter as well as the summer. The 
incubation period may be as short as 2 days or as long as 20 days ; the commonest 
period seems to be 2 to 6 days. In any given nursery there may be two or three 
sporadic cases, followed by a rapid succession of cases, giving to the outbreak 
an almost explosive suddenness ; or there may be small groups of cases separated 
by intervals of a week or more. 

This is not the place to describe the symptomatology of the disease. Briefly, 
however, the chief manifestations are a sudden or insidious onset, vondting, slight 
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fever, diarrhcBa, rapid dehydration and loss of weight, often followed by death 
in 1 to 7 days. Blood, mncns or pus in the stools are uncommon. At autopsy, 
the findings vary greatly. Often there is little to be seen besides congestion of 
the intestinal mucosa and slight swelling of the mesenteric lymph nodes. Some- 
times there are hsemorrhagic pneumonia and acute hsemorrhage splenitis (Colvin 
and Emory 1941) ; and sometimes cerebral oedema and petechial haemorrhages 
in the brain and viscera (Lyon and Folsom 1941, Bloch 1941). Acute enteritis 
may be found (Cron, Shutter and Lahmann 1940), but usually this is conspicuous 
by its absence. 

Bacteriologically, with the exception of a single outbreak described by McKinlay 
(1937) in which a salmonella — ^later identified by Schiff and Strauss (1939) as 
Salm. wichita — was isolated from the stools, the findings of different workers 
have been unilluminating. The possible causation of the disease is discussed by 
Crowley, Bownie, Fulton and Wilson (1941), who are unable to reach any definite 
conclusions. Many workers favour a virus infection, supporting this by the 
apparent relationship of some outbreaks in infants to the occurrence of epidemic 
influenza in the general population ; others regard as a more probable cause 
some normal inhabitant of the intestine which is virulent for infants but not 
for older children. The general picture of the disease suggests an acute toxesmia, 
but what the nature or origin of the toxin is remains obscure. Light and Hodes 
(1943) claim to have demonstrated the presence of a flltrable agent in the stools, 
capable of giving rise to acute enteritis in calves ; but their work awaits con- 
firmation. 

Spread of the disease is difficult to control by ordinary measures. Usually 
it is best to close the maternity home to further admissions, remove infected 
infants to suitable isolation quarters, discharge apparently healthy infants, and 
then disinfect the whole premises as thoroughly as possible. 

Primary Infective Diarrhoea due to known Pathogenic Organisms 

Observations, particularly during recent years, have rendered it evident that 
some cases of enteritis during infancy and early childhood are due to infection 
with members of the Shigella or Salmonella group. How frequent these are, it 
is impossible to say. In the past many cases have probably not been recognized, 
owing to imperfect bacteriological technique ; but now that increasing attention 
is being drawn to these organisms, and highly selective media are available for 
their cultivation, they should be diagnosed more frequently. 

Hormaeohe (1943) who, with his colleagues, conducted a very careful investigation 
into the enteritis of infancy in Uruguay, found that of 668 cases of enteritis, 260 (38*9 per 
cent.) were due to Shigella and 152 (22*8 per cent.) to Salmonella ; in the remaining 
256 cases (38-3 per cent.) no pathogenic organisms could be demonstrated. The incidence 
of dysentery and salmonella infections is probably much lower in tliis country than in 
Uruguay ; but that it is not negligible is shown by the fact that Blacklock and Guthrie 
(1937), working at the Boyal Hospital for Sick Children, Glasgow, investigated during 
the years 1931-36 no fewer than 215 cases of dysentery in children up to 12 years of age, 
and Guthrie and Montgomery (1939), at Glasgow, investigated, apparently during the 
years 1937 and 1938, 28 cases of Salmonella infection in infants under two years of age. 
In Syria, Moore and Dennis (1940) studied 543 attacks of enteritis occurring in 490 infants 
and children, and found that 65 were due to dysentery bacilli, 11 to proved Salmonella 
strains, and 51 to strains that gave the correct sugar reactions of the Salmonella group 
but were not serologically identified. 
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Botli dysentery and salmonella infections are said to be commoner in cliildren 
than in infants. Whether this is so or not is doubtful. What does seem to be 
clear is that the case mortality is much higher during the first two years of life 
than later (Table 146). 


TABLE 146 

Case Mobtality of Entebitis ACcoEDma to Cause and Age. 
(Erom Hormaeche, 1940) 


Age in Years. 

Shigella Infections. 

Salmonella Infections. 

Cause Unknown. j 

Cases. 

O.M. %. 

Cases. 

C.M. %. 

Cases. 

CM. %. 

0-1 

51 

45-1 

39 

30*7 

135 

28‘9 

1-2 

41 

31-7 

20 

15-0 

39 

23*1 

2-3 

18 

5-6 

11 

0-0 

9 

33-3 

3-12 

16 

0-0 

10 

j 0-0 

6 

: 0-0 

1 


C.M. = Case Mortality. 


Pathologically, the disease tends to be more of an ileo-colitis than a gastro- 
enteritis. This is manifested clinically by the frequent occurrence of dysenteriform 
symptoms, and by the presence of blood, mucus and pus in the stools. Less 
often, the upper part of the intestine is attacked ; the diarrhoea may then be of 
the frequent watery tjrpe, leading to rapid dehydration — the so-called cholera 
nostras or cholera infantum. Except in rare instances dysentery baciUi remain 
confined to the gut, but salmonella bacilli often invade the blood stream, giving 
rise to septicaemia or meningitis (Hormaeche, Peluffo and Aleppo 1940). The 
commonest types of dysentery bacilli are Sh. flexneri, Sh, sonnei and Sh. newcastle. 
Of the Salmonella group, numerous members have been encountered, notably 
the typhi^murium, newport, enteritidis, duhlin and derhy types. 

Bacteriological diagnosis is made in the usual way. The organisms should be 
cultivated from the faeces, using desoxycholate citrate agar for the dysentery 
group, and this medium, together with preliminary enrichment in brilliant green 
tetrathionate or selenite broth, for the Salmonella group. Sometimes Salmonella 
may be isolated from the throat, the middle ear, the cerebrospinal fluid or the 
blood. Serum agglutinins appear in a considerable proportion of the cases, par- 
ticularly in older children, and are best demonstrated 2 to 3 weeks after the begin- 
ning of the disease (Hormaeche, Suxraco and Aleppo 1939, Hormaeche, Peluffo 
and Aleppo 1940). 

Primary Infective Enteritis due to, or associated with, Organisms 
of Doubtful Pathogenicity 

This group contains the great mass of cases of unknown setiology. In the 
last century and the early years of this century it was particularly prevalent 
during the late summer and early autumn months — ^the so-called summer diarrhoea 
of infants— and was responsible in hot years for a large number of deaths. How, 
the summer excess is no longer seen, but the cases that occur throughout the 
year remain equally unexplained and puzzling. 

Summer Diarrhoea. — ^Briefly, this disease used to be common both in Europe 
and in America. In hot summers it attained epidemic proportions- It was most 
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frequent in tlie second year of life, but tbe case mortality was highest 3 to 6 months 
after birth, when it sometimes reached a figure of 30-40 per cent. Breast-fed 
infants were comparatively exempt. The children of the poorer classes, living 
in hot, dirty, overcrowded tenements, suffered most severely. Its infectious 
nature was suggested by the occurrence of multiple cases in the same household 
(Niven 1904, Peters 1910, Sandilands 1910, Hutt 1914). 

Ballard (1889) drew attention to the importance of temperature in the genesis 
of the disease. In his own words : “ The summer rise of diarrhoeal mortality 
does not commence until the mean temperature recorded by the 4-foot earth 
thermometer has attained somewhere about 56° F., no matter what may have 
been the temperature previously attained by the atmosphere or recorded by the 
1-foot earth thermometer.” He pointed out, too, that the maximal diarrhoeal 
mortality of the year was usually observed in the week in which the 4-foot earth 
thermometer recorded its maximum, and that the decline of the diarrhoeal mortality 
coincided with that of the 4-foot earth temperature, which lagged well behind the 
fall in atmospheric temperature. Influenced by Pettenkofer’s doctrine, Ballard 
believed that the rise in earth temperature favoured the multiplication of some 
micro-organism, which infected the food and thus gained access to the alimentary 
canal. Later workers regarded the undoubted effect of temperature in a different 
light. Niven (1910), for example, working at Manchester, found a close corres- 
pondence between the prevalence of flies captured week by week and the incidence 
and mortality of diarrhoea. Hamer (1908) in London and Hope (1920) in Liverpool 
confirmed Niven’s observations, but pointed out that the two curves were not 
always parallel (see Fig. 285). In 1916, 1917 and 1918 the two curves agreed 
closely ; but in 1919, though files were as prevalent as in the three previous years, 
the curve of diarrhoeal mortality was very low. 

Besides favouring flies and the consequent infection of food, a high temperature 
may cause a disturbance of the normal secretory mechanism of the infant’s intestine. 
Arnold (1928), for example, brings evidence suggesting that it diminishes the 
amount of acid secreted by the stomach, and thus interferes with the gastro- 
duodenal auto-disinfecting mechanism, which is responsible for keeping the upper 
part of the intestine relatively free from bacteria. In addition, a high temperature 
promotes the multiplication of bacteria in milk and similar foods. This factor 
will clearly be operative to a greater extent in poor-class houses, ill provided with 
the means of keeping foodstuffs clean and cool, than in the houses of the well-to-do. 

The bacteriological findings in summer diarrhoea have been most diverse. 
They were reviewed in some detail in the 2nd edition of this book (pp. 1250-53). 
SufS.ce it to say here that members of the dysentery group, Proteus morgani, Proteus 
vulgaris j Ps. 'pyocyanea^ Cl. welchii^ and certain other organisms were all incriminated 
by workers in different countries; but that no one single pathogenic organism 
was demonstrated by everybody. The only common finding was that non-lactose- 
fermenting organisms were greatly increased in the faeces ; what the majority 
of these organisms really were remains in doubt. The bacteriological investigation 
of sum m er diarrhoea was carried out at a time when our technical methods were 
far less developed than they are now, and when several members of the Shigella 
and Salmonella groups were unknown. It is fairly clear that no one organism 
could have been responsible for all cases. We are therefore driven to the con- 
clusion that summer diarrhoea, though appearing epidemiologically to be a well- 
defined disease, was in fact associated with a multiplicity of bacterial agents. 



Diagram illustrating the correlation between Flies Summer Diarrhoea and Mean Weekly Temperature. 1916-1920. 
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Fig. 285. — Hope. 
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On tlie wliole it seems probable that tlie disease was a bacterial infection, the 
prevalence of wbicb was determined by a number of factors, varying to some 
extent independently, but all conditioned directly or indirectly by the prevailing 
temperature. 

During the past 20 or 30 years, summer diarrhoea has practically disappeared 
from this country (see Table 145). The better disposal of garbage, the diminution 
of dust, the replacement of horse by motor traffic, the decrease in the number 
of flies, the improvement in cleanliness of the milk supply, and the greatly increased 
use of pasteurized, boiled and dried milk in the feeding of infants and children, 
have probably all aided in lessening the chances of bacterial contamination of 
food with pathogenic bacteria. 

Enteritis following the Consumption of Food containing Toxic Substances 

of Bacterial Origin 

Little is known of this group. It is included in Lyon^s (1940) classification 
of the diarrhoeal diseases of children ; but owing to the peculiar difficulty of demon- 
strating bacterial toxins concerned in food poisoning, other than that formed by 
Cl. hotulinumi progress in its study has necessarily been slow. Some strains of 
staphylococci are known to give rise under favourable conditions to an enterotoxin 
capable of causing acute gastro-enteritis in adults. The toxin may be formed 
in milk, and it is therefore almost certain that infants and young children fed 
on raw cows’ milk must be affected from time to time. Whether other common 
organisms proliferating to a prodigious degree in milk can render the milk toxic 
to infants, either by virtue of their own body substance or by breaking down 
some substrate in the milk, is still doubtful. Many years ago Park and Holt 
(1903) brought evidence to show that milk containing large numbers of coliform 
bacilli, streptococci and micrococci, i.e. bacteriologically dirty milk, was able to 
give rise to gastro-intestinal disturbance in infants, but the exact mechanism by 
which this occurs has so far baffled inquiry (see Chapter 93). 

Infective Enteritis of Protozoal Origin 

There is considerable reason for believing that the flagellate, Giardia lamhUa, 
may give rise to enteritis in infants and young children. This organism hooks 
itself on to the cells of the duodenal and upper ileal mucosa and, if present in 
sufficiently large numbers, seems to give rise to inflammation of the gut and 
possibly to interference with fat absorption (Yeghelyi 1938, 1940). Moore and 
Dennis (1940) in Syria, whose observations have already been referred to, found 
it in 84 out of 543 attacks of enteritis. In infants, when blood was present in 
the diarrhoeal stools, it was found in 22 per cent, of cases examined, as against 
only 10 per cent, in all cases of infantile diarrhoea. The difficulty in determining 
its pathogenicity lies in the circumstance that it is often found in the complete 
absence of symptoms, and that its increased frequency in the stools in the presence 
of diarrhoea may be explained by the more rapid passage of the organisms through 
the gut in an unaltered condition. The clinical evidence, however, in favour of 
its pathogenicity is fairly strong, and the disappearance of symptoms after treat- 
ment with mepacrine lends added weight to this view (see Ormiston, Taylor and 
Wilson 1942). The type of enteritis to which it appears to give rise may be 
acute, and be characterized by vomiting and diarrhoea, sometimes with mucus 
and traces of blood in the stools ; but more often it is mild and chronic and is 
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cliaracterized by 3 or 4 copious, loose, evil-smelling motions a day. The disease 
is seldom fatal. 

Mepacrine has the same specific action on Giardia as it has on the malarial 
parasite. One-sixth of a 0*1 gm. tablet given three times a day for 5 days to a 
child of 1 to 2 years of age usually effects a complete cure. After treatment, 
most children seem to remain immune for a long time, but a proportion of them 
become re-infected after a year or so, and may again suffer from enteritis. 

Infective Enteritis, secondary to or associated with Parenteral Infection 

The observation that infants and young children suffering from inflammation 
of the respiratory, or less often of the urinary, tract may develop diarrhoea and 
vomiting, has led many clinical workers to believe that practically all infective 
gastro-enteritis is secondary to parenteral infection. We do not propose to discuss 
this thesis in detail (see Smellie 1939). Careful bacteriological and pathological 
studies have failed to support it, and in its extreme form it is clearly untenable. 
Nevertheless, parenteral infection is very often present in acute gastro-enteritis, 
and it should invariably be sought for and excluded. 

Smellie (1939) in Birmingham found that of 500 patients suffering from enteritis on 
admission to hospital, 231 showed unequivocal signs of parenteral infection — mainly 
otitis, mastoiditis or bronchitis — ^that 90 others developed clinical signs of parenteral 
infection after admission, and that 28 further children who died and came to autopsy 
were found to have an infection that had not been detected clinically. Bonaha and 
Peluffo (1940) in Uruguay recognized the presence of parenteral infection — mainly rhino- 
pharyngitis and otitis — in 379 out of their series of 768 patients. Campbell and 
Cunningham (1941), at the Park Hospital, London, studying 574 cases of non-specific 
gastro-enteritis, observed that 175 of them had parenteral infection on admission — mainly 
tonsillitis, laryngitis, bronchitis, or bronchopneumonia — and that 58 others developed it 
after admission. The first set had a case mortality of 23*4 per cent., the second set of 
32*5 per cent. The average case mortality for the whole series of 574 cases was 27-7 per 
cent., so that the occurrence of parenteral infection did not appear to have much effect 
on the fatality of the disease. 

In estimating the causal relationship of parenteral infection to gastro-enteritis 
it is well to remember that large numbers of children who suffer from respiratory 
infection do not develop gastro-enteritis, and that often quite a high proportion 
of cases of true dysentery develop parenteral infection (Marriott et al. 1933). 
Respiratory infections are much commoner in the winter than the summer, whereas 
gastro-enteritis tends, if anything, to show the reverse seasonal incidence. It is 
improbable, therefore, that parenteral infection is responsible for more than a 
proportion of cases of gastro-enteritis. 

Prophylaxis and Treatment 

Broadly speaking, the prevention of enteritis lies in the protection of the food 
supply from contamination, the provision of good general hygienic conditions, 
and the separation as far as possible from each other of infants and children under 
2 years of age. Reference has already been made under summer diarrhoea to 
the beneficial effect of reducing the fly population, and to the replacement of raw 
by pasteurized, boiled or dried milk. Whenever possible, breast-feeding should 
be preferred to artificial feeding. Raw cows’ milk may be contaminated from 
so many different sources — ^the cow itself, the personnel handling the milk, impure 
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water used for cleansing the utensils, dirty bottles, flies, and rodents — that it 
should never be given to infants and young children. Even milk produced under 
cleanly conditions on the farm, such as Tuberculin Tested milk, may be con- 
taminated from one or more of the sources just mentioned, and should therefore 
always be pasteurized or brought rapidly to the boil and cooled. The importance 
of good hygienic conditions is obvious. In particular, care should be exercised 
to protect infants against exposure to undue heat or cold, and to minimize their 
risk of contact with other persons suffering from respiratory or intestinal infection. 
The desirability of rearing infants during their first two years of life under relatively 
segregated conditions is not yet fully appreciated. Infantile diarrhoea is so common 
in institutions that no encouragement should be given to the establishment of 
nurseries for children under 2 years of age. No infant should be admitted to a 
hospital for treatment of any form if this can be carried out effectively at home 
(see Eield, MacCarthy, and Wyllie 1943). Numbers of infants die unnecessarily 
every year as the result of contracting gastro-enteritis in hospitals to which they 
have been admitted, sometimes for relatively trivial causes, doctors and nurses 
should be taught to realize that the decision to admit an infant to hospital is one 
that should never be taken lightly ; the consequences may easily be fatal. There 
are diseases, however, which cannot adequately be treated in the home. Infants’ 
wards should therefore be divided into cubicles, and each occupant treated with 
strict precautions to avoid cross-infection. Even the maternity home should 
be run ideally on the cubicle system. When this is not possible, infants should 
be warded with their mothers and not taken away to sleep in a common nursery 
where, if infection is introduced, it is liable to spread rapidly. 

Once gastro-enteritis has broken out in a hospital or maternity home, the 
measures to control it must depend to some extent on its nature and severity. 
Neonatal diarrhoea demands instant and rigorous action. The maternity home 
should be closed at once to further admissions, affected infants must be removed 
to suitable isolation quarters, apparently healthy infants should be sent home 
and kept under supervision, and the whole premises must be thoroughly cleaned 
and disinfected. Dysentery in a children’s ward is often difficult to eradicate, 
but the prompt removal of all recognized cases, the detection and segregation of 
carriers among both the patients and the nurses, and the proper disinfection of 
napkins and bed linen will often prove successful. 

The treatment of the individual patient falls largely outside our scope. It 
is interesting, however, to note that sulphonamide treatment may be of value, 
not only in dysenteric infections (see Chapter 70), but even in neonatal diarrhoea. 
Henderson (1943) has reported a striking effect of sulphaguanidine on the case 
mortality^ of this disease in the Simpson Maternity Hospital, Edinburgh. He 
recommends that the drug should be given in a dosage of 0*5 gm. every 4 hours 
for several days, and that it should not be reduced until there is clinical im- 
provement and return of appetite. On the other hand, in ordinary infantile 
gastro-enteritis McSweeney (1943) observed no benefit from treatment with sulpha- 
guanidine. Promising results have been reported by Twyman and Horton (1943) 
from the use of succinyl sulphathiazole. 
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CHAPTER 72 

BACTERIAL FOOD POISONING AND BOTULISM 
FOOD POISONING 

Definition. — ^The consumption of unwholesome food or drink may give rise not 
only to well-known bacterial infections such as enteric fever, dysentery, cholera, 
tuberculosis, undulant fever, scarlet fever, septic sore throat, and so on, and to 
helminth infections such as trichinosis, in which the food serves as a vehicle for 
the specific infective organism, but also to such diverse conditions as those due 
to the ingestion of inherently poisonous substances — for example deadly night- 
shade, hemlock, poisonous fish, toadstools, and ergot-infected grain — and those 
in which the food has become contaminated directly with such poisons as arsenic, 
tin, antimony, cadmium or other heavy metals, or with chemicals such as sodium 
fluoride, or tri-ortho cresyl phosphate, which was responsible for outbreaks of 
so-called “jake” or “ginger” paralysis in the United States (see Smith and 
Elvove 1931) and for a similar outbreak in Durban (Sampson 1942). The term “ food 
poisoning,” however, is conventionally restricted to acute gastro-enteritis due to 
the bacterial infection of food or drink. So defined, it is divided into two groups : 
(1) that following the multiplication within the body of pathogenic organisms 
contained in the food ; this may be refened to as the “ infection ” type, (2) that 
following the ingestion of food in which poisonous substances have been formed 
as the result of bacterial proliferation ; this may be referred to as the “ toxin ” 

type- 

Botulism, which is also a consequence of bacterial prohferation in food, differs 
from either of the types just described in the character of the symptoms and in the 
nature of the toxin involved ; though, for convenience, it will be discussed in this 
chapter in a separate section (p. 1612). Those interested in chemical food poisoning 
may be referred to the works of Jordan (1931), Tanner (1933) and Back (1943). 

It win be noted that the definition given above excludes food idiosyncrasy and 
food aUergy— conditions in which the food itself is wholesome but the patient’s 
reaction is abnormal. In addition, it excludes acute gastro-enteritis, such as is 
characteristic of the winter vomiting disease (see p. 1798), in which the infection 
does not seem to be food-borne ; and gastro-enteritis associated with malnutrition 
and starvation (see Garcia and Covidn 1942). 

Symptomatology. 

In the infection type of food poisoning, after an incubation period varying from 
2 to 36 hours, but generally between 8 and 24 hours, the illness commences with 
severe headache, followed by nausea, vomiting, diarrhoea and abdominal pain. 
Fever is usually present ; the temperature may rise to 102° F. In favourable cases 
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the symptoms gradually abate so that the patient is better within a week, but in 
very severe cases restlessness occurs, followed by extreme thirst, cramp, coma, 
and death. At autopsy the mucosa of the stomach and intestines is swollen and 
often intensely congested. Peyer’s patches are not particularly affected. Minute 
ulcers may be seen. Microscopic examination reveals fatty degeneration of the 
liver. The causative bacilli can be isolated from the heart’s blood, spleen, and 
other viscera in a considerable proportion of fatal cases. 

In the toxin type of food poisoning, the incubation period as a rule is much 
shorter— 1 to 6 hours, usually 3 hours— though in some outbreaks, probably of 
non-staphylococcal t]^e, it may be as long as 12 hours. The general symptoms 
resemble those of the infection type, but vomiting tends to be more violent, diarrhoea 
is less conspicuous, prostration is greater, fever may be absent, and recovery is 
more rapid, the patient often being well again within 24 hours. These cases are 
rarely fatal, so that adequate information about the pathological changes is lacking. 

Epidemiology. 

Incidence. — It is difficult, in the absence of compulsory notification, to estimate 
the frequency of food poisoning in this country. From January, 1921, to October, 
1923, Savage and White (19256) collected details of 86 outbreaks in Great Britain, 
involving about 2,300 persons with 24 deaths. But it is probable that a number 
of other outbreaks occurred which were not sufficiently important to attract 
attention. In America, Jordan calculated in 1917 that about 15,000 to 20,000 
persons a year were attacked. The coxmtry that suffers most severely is Germany, 
probably on account of the large amount of uncooked meat that is consumed. 
The following figures (Table 147) refer only to outbreaks that were due to 
meat or meat products. The number of outbreaks from all causes was probably 
much higher. 

TABLE 147 

Incidence oe Eood Poisonino in Geemany following the CoNSuivrPTioN of Meat and 

Meat Peoducts. 

(Meyer 1929) 


Year. 

No. of Outbreaks. 

Cases. 

Deaths. 

1923 .... 

76 

3,746 

28 

1924 .... 

62 

1,712 

21 

1925 .... 

83 

1,905 

22 

1926 .... 

84 

2,679 

17 

1927 .... 

110 

3,548 

27 

1928 .... 

78 

977 

18 


A special survey by the United States Public Health Service revealed, in 1938, 
51 outbreaks of food poisoning and gastro-enteritis caused by milk or food affecting 
2,459 persons (Prank 1940), and, in 1939, 142 outbreaks affecting 3,976 persons 
(Puchs 1941). Eeasons were advanced for believing that the total incidence was 
probably five, ten, or more times as great as that indicated by the collected figures. 
In England and Wales, the average annual number of outbreaks brought to the 
notice of the Ministry of Health (Scott 1939) during the years 1929-38 was 69 
(see Table 148), but during the second world war, partly because of the increase in 
communal feeding and partly because of better reporting and investigation, this 
figure rose very considerably. 
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TA]BLE 148 

Records of Rood Poisoning Outbreaks in England and Wales, 1929-38. 
(Modified from Scott, 1939) 


Year 

Salmonella Outbreaks. 

Total No. 

Dysentery 

Outbreaks. 

Toxin 

Outbreaks. 

5 

6 

6 

6 

21 

24 

47 

26 

22 

21 

183 

Outbreaks of 
Doubtful 
Origin. 

of 

Outbreaks. 

No. of 
Outbreaks, 

Cases. 

Deaths. 

1929. . 

1930. . 

1931. . 

1932. . 

1933. . 

1934. . 

1935. . 

1936. . 

1937. . 

1938. . 

36 

25 

36 

36* 

66 

79 

113 

69 

88 

138 

9 

11 

18 

24 

32 

43 

46 

19 

45 

72 

68 

292 

425 

186 

512 

125 

698 

224 

601 

330 

4 

16 

10 

8 

15 

6 

23 

3 

24 

8 

4 

8 

2 

10 

4 

6 

12 

8 

5 

8 

18 

1 

10 

? 

9 

6 

6 

16 

16 

37 

Total 

686 

319 

3,461 

117 

67 

119 


^ Tliis number appears to be too low. It may also be noted that the total number of out- 
breaks given in this table is 69 less than the aggregate recorded in the annual reports of the 
Chief Medical Officer of the Ministry of Health. 


Solitary cases of food poisoning, in wMch one member only of a family con- 
suming similar food is attacked, are apt to escape diagnosis, the symptoms being 
ascribed to indigestion, chill, or some other cause, unless a bacteriological examina- 
tion is made. Such cases are being detected with increasing frequency. 

Season. — In this country food poisoning is commoner during the summer 
than the winter. Savage and White (19256) found that about 72 per cent, of out- 
breaks occur between May and October. This is probably due to the greater 
rapidity with which bacteria are able to multiply under warm conditions. But 
the seasonal incidence depends to a certain extent on the proportion of canned to 
fresh food that is eaten. In America, for example, it appears to be customary 
for the housewife to can her vegetable produce in the summer months and to 
consume it during the winter ; since the process of home canning is not altogether 
satisfactory, outbreaks of poisoning due to the consumption of this food are fairly 
common in the winter months. Many of these outbreaks, however, are of the 
botulism type. 

Morbidity and Mortality. — One of the striking facts is the high morbidity rate 
of most outbreaks. Often all who eat the affected food are attacked. Geiger 
(1923) estimates it at 75-100 per cent. An exception may be made in the case of 
milk ; Savage and White (19256) state that in salmonella infections conveyed by 
milk the morbidity rate is only 40-50 per cent. Another striking characteristic 
is the low mortahty rate ; this is estimated by Geiger (1923) in America as less 
than 0*5 per cent., by Savage (1920) in England as 1-5 per cent., and by Lentz 
(1924) in Germany as 4*5 per cent. This last figure probably included cases of 
botulism, and is therefore too high. Mayer (1913) in Germany, dealing purely 
with salmonella outbreaks, recorded a mortality rate of only 1 per cent. Taking 
milk outbreaks alone, Savage and White (19256) j&nd the mortality rate to be less 
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than 0*2 pel cent. Sex has apparently little influence. As regards age, the disease 
seems to be more fatal in the very young, and in the old. 

General Bacteriology of Food Poisoning 

Before discussing in detail the various factors concerned in the production of 
bacterial food poisoning, it may be well to take a brief view of the subject as a 
whole. Towards the end of last century, largely owing to the work of Brieger 
(1889), food poisoning came to be regarded as due to the presence in the food of 
toxic amines or F^oMaines that had been formed as the result of protein decomposi- 
tion. The work of Vaillard (1902), Eornario (1906), Cathcart (19066), Savage 
(1921), and others, however, showed that these bodies were relatively non-toxic 
to laboratory animals, except when given in doses larger than were ever likely to 
be ingested under natural conditions. The fact, moreover, that the ptomaines 
did not appear till protein decomposition had reached an advanced stage, when 
the food would be repugnant to the normal senses, taken in conjunction with the 
observation that food poisoning usually results from food which is quite sound in 
appearance, rendered it doubtful whether these bodies played any part in the 
causation of the type of illness we are considering. 

Belief in ptomaine poisoning received its death-blow, so far as scientific bac- 
teriology was concerned, when it was foimd that in many outbreaks the food con- 
tained organisms of the Salmonella, or occasionally the Shigella, group. As the 
result of the work of Savage in this country, and of Jordan in the United States, 
food poisoning came to be regarded almost as synonymous with food-borne 
salmonella infection. Further work, however, failed to reveal the presence of these 
organisms in a considerable proportion of the outbreaks in which an adequate 
investigation was carried out, particularly in outbreaks following the consumption 
of canned food. To meet, this difficulty Savage (1920, 1923, 1932) (see also Savage 
and White 1925a, 6) put forward the attractive hypothesis that these outbreaks 
were due to the ingestion by the patient not of the living salmonella organisms, 
but of their toxins. It was supposed that the organisms had multiplied in the food 
prior to its consumption, and had formed thermostable toxic substances. The 
subsequent cooking to which the food was exposed destroyed the organisms them- 
selves, but did not seriously affect their toxic products, which were therefore able 
to give rise to food poisoning on ingestion. hTo adequate confirmatory evidence 
of the formation of specific exotoxins by members of the Salmonella group was 
forthcoming, and the balance of evidence appeared to be against this view (but see 
p. 1607). 

While bacteriologists were speculating about the causation of the non- 
salmonella food-poisoning outbreaks, Back, Jordan, and their colleagues in Chicago 
(seep. 1605) drew attention to certain outbreaks of poisoning which were proved to 
be due to the presence in the food of a toxin formed by staphylococci. By observa- 
tions made on human volunteers, it was shown that certain strains of staphylococci 
were able to form toxic substances endowed with some degree of thermostabil- 
ity. These findings were of special interest in that they afforded conclusive 
proof of the formation of bacterial toxins in the food prior to its consumption. 
Hitherto the only known instance of this was that of botulism — a condition to be 
described later, in which the anaerobic bacillus, CL hotnlinum, gives rise to an 
extremely potent specific exotoxin with an action, not on the gastro-intestinal 
mucosa, but on the central nervous system. ' 
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Other observations by Jordan and by various continental workers cast serious 
suspicion on food in which there had been inordinate bacterial multiplication of any 
type. The inference to be drawn from these observations was that many organisms, 
non-pathogenic in themselves, such as Bacf. coli, Proteus vulgaris, Proteus morgani, 
milk streptococci and others, when allowed to multiply under favourable conditions 
in suitable types of food-stuffs, led to the appearance of toxic substances having 
an irritating effect on the human gastro-intestinal mucosa. Many workers had 
toyed with this idea of non-specific toxin formation, but had abandoned it in the 
absence of adequate evidence. The epidemiological, and more recently the 
bacteriological, evidence seems to us, however, to be becoming increasingly strong 
in favour of this view. The pendulum is in fact slowly swinging in the direction 
of the old “ ptomaine ” theory, with the distinction that the poisons now regarded 
as responsible are not the result of advanced protein decomposition, but result 
from the growth of types of bacteria which can proliferate enormously without 
greatly altering the appearance and taste of the food. What the nature of these 
products is remains in doubt. The suggestion that they consist of the autolysed 
bacterial bodies themselves (see Jordan 1931, Jordan and Burrows 1935, Savage 
1933, Keport 1934) is not borne out by human volunteer experiments, and it 
seems more probable that they consist of some breakdown product formed from 
the food, or of a bacterial enzyme which has a specific affinity for some constituent 
of the human gastro-intestinal tract. 

Summing up, we may say that bacterial food poisoning may be due (1) to 
infection with living Salmonella, or occasionally dysentery, bacilli, (2) to intoxi- 
cation with substances, whose nature and mode of origin is as yet imperfectly 
understood, which are formed as the result of undue bacterial multiplication in 
the food. 

Bacteriology and Epidemiology of the “ Infection ” type of Food Poisoning 

In 1888 Gaertner isolated an organism known as Salm. enteritidis, from the meat 
of an emergency-slaughtered cow, at Frankenhausen in Germany. The meat had 
been consumed by 58 persons, all of whom developed food poisoning. One man 
who had eaten albout 1| lb. died in 36 hours. At autopsy, the same bacillus was 
isolated from the organs of the cadaver as from the meat. In 1898, Durham in 
England and de Nobele in Belgium described another organism, which they had 
isolated simultaneously from patients suffering from meat poisoning and from the 
meat that they had consumed. This organism was known until recently as Salm. 
certrycJce — iSrtrycke being the name of the Belgian village where the outbreak 
occurred. It is now, however, called Salm, typhi-murium, this being the name given 
to an organism which was isolated by Loeffler in 1892 from a mouse epizootic, 
and which was subsequently found to be identical with Salm. certrycke. 

The intensive study of the Salmonella group during the past few years has 
brought to light a number of other organisms concerned in the production of food 
poisoning. The frequency distribution of these types varies in different countries. 
Table 149 shows the distribution in Great Britain, as revealed by examinations 
carried out from 1923 by the late Dr. W. M. Scott at the Ministry of Health labora- 
tory, and from 1941 onwards by the Emergency Public Health Laboratory Service. 

It will be noted that up till 1942 all but a few strains belonged to 14 types, 
the most important of which were Salm, typM~murium, Salm. enteritidis, Sahn. 
thompson, Salm. newport and Salm. cholercB-suis. Of the remaining types listed 
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TABLE 149 

Types oe Salmonella isolated erom Cases or Outbreaks of Food PoisoNcsra 

IK England and Wales. 



1923-39. 

1940. 

1941. 

1942. 

1943. 

1944. 

Total. 1 

Salm. ty'ghi-murium .... 

234 

45 

65 

35 

108 

185 

672 

Salm. enteritidis 

54 

18 

10 

11 

24 

55 

172 

Salm. thompson 

49 

25 

20 

9 

19 

20 

142 

Salm. newport 

29 

13 

5 

11 

10 

91 

159 

Salm. choleroe-suis 

14 

1 

2 

3 

1 

1 

22 

Salm. hovis-morbificans . 

8 

3 



3 

6 

3 

23 

Salm. duhlin 

8 

5 

1 

2 

2 

1 

19 

Salm. potsdam 

3 

2 

2 





7 

Salm. senftenberg (newcastle) 

3 

2 



1 

2 

1 

9 

Salm. derby 

2 

4 





2 

3 

11 

Salm. eastbourne 

2 










2 

Salm. Stanley 

3 

— 

1 







4 

Salm. london 

1 

9 









10 

Salm. aberdeen 

3 

2 

1 

— 

— 

— 

6 

Salm. gallinarum 

_ 

1 





1 

Salm. newington 

— . 

1 

— 

— 

— 

— 

1 

Salm. anatum-like .... 

— 

1 









1 

Salm. anatum 

— 

— 

1 

2 

4 

4 

11 

Salm. reading 

— 

— 

3 

— 



— 

3 

Salm. montevideo 

— 

— 

2 

1 

17 

17 

37 

Salm. oranienburg .... 

. — 

— 

— 

10 

30 

36 

76 

Salm. bareilly 

— 

— 

— 

1 

3 

2 

6 

Salm. braenderup 

— 

! 

— 

1 

— 

1 

1 

Salm. essen 

— 

— 

— 

1 

— 

— 

1 

Salm. Oslo 

— 

— 

— 

1 

. — 



1 1 

Salm. virchow 

— 

— 



1 





1 

Salm. meleagridis 

— 

— 

— 

1 

7 

11 

19 

Salm. Chester 

— 

— 

— 

— 

5 

1 

6 

Salm. hentucky 

— 

— 

— 

. — 

2 

1 

3 

Salm. javiana 

— 

— 

— 

— 

1 

— 

1 

Salm. san-diego 

— 

— 

— 

— 

1 

— 

1 

Salm. sundsvall 

— 

— 

— 

— 

1 

— 

1 

Salm. tennessee 

— 

— 

— 

— 

4 

2 

6 

Salm. muenchen 

— 

— 

— 

— 

2 

— 

2 

Salm. Cardiff 

— 

— 

— 

1 

— 

— 

1 

Salm. concord 

— 

— 

1 

— 

— 

— 

1 

Salm. adelaide 

— 

— 

— 

— 

4 

— 

4 

Salm. give 

— 

— 

— 

— 

— 

1 

1 

Salm. new-brunswich .... 

— 

— 

— 

— 

— 

1 

1 

Salm. panama 

— 

— 

— 

— 

— 

1 

1 

Salm. pullorum ..... 

— 

— 

— 

— 

— 

1 

1 

Salm. Worthington 

— 

— 

— 

— 

— 

1 

1 

Salm. sainLpaul ..... 

— 

— 

— 

— 

— 

1 

1 

Unidentified ...... 

15 

7 

6 

9 

7 

13 

57 


428 

139 

120 

104 

262 

453 

1,506 


Note. — T he figures refer to the number of outbreaks, not to the number of strains studied. 


above the line, all but Salm. hovis-morbificans, SaJm, potsdam and Balm, senftenberg 
bad been first isolated in G-reat Britain itself. In 1942, however, a remarkable 
change became apparent. In addition to the old well-recognized types, 10 new 
types were isolated, the commonest of which was Balm, oranienburg. In 1943, 
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anotlier 8 new types were identified. With the exception of Salm. Chester and 
Salm, Cardiff, every one of these new types had been first described abroad, many 
of them in the United States. From epidemiological investigations made at the 
time there is little doubt that the majority of the new types were introduced into 
Great Britain by American spray-dried egg, which was first distributed on a large 
scale in the middle of 1942 (see p. 1599). 

In the United States, Edwards and Bruner (1943) published records of 194 
salmonella strains isolated from the fseces of patients suffering from gastro-enteritis. 
Of these, the commonest were as follows : Salm, typM-murium 45, Salm. newport 31, 
Salm. panama 14, Salm. oranienhurg 13, Salm. san-diego 11, Salm. hareiUy 9, Salm. 
montevideo 9, Salm. enteritidis 8, Salm. give 7, Salm. anatum 7, Salm. cholerce-suis 6, 
Salm. newington 5, Salm. hredeney 5 and Salm. thompson 4. Many of these, it 
will be observed, were the same as the t 3 rpes met with from 1942 onwards in Great 
Britain. The comparative infrequency in the American list of Salm. enteritidis 
and Salm. thompson, which were the second and third commonest organisms in 
Great Britain before the war, is very striking. Further records of the distribution 
of salmonella strains in the United States will be found in papers by Seligmann, 
Saphra and Wassermann (1943) and Rubenstein, Feemster and Smith (1944). 

In Denmark, during the years 1936-40, the types most often responsible for out- 
breaks of food poisoning were Salm. typM-murium, Salm. enteritidis and Salm. duhlin 
(Harhoff 1941). In all three countries, therefore, Salm. typhi-murium heads the list. 

Besides members of the Salmonella group, certain organisms of the dysentery 
group, particularly Sh. sonnei and Sh. flexneri, may be concerned in the production 
of food poisoning. More usually these organisms give rise to dysentery, but 
occasionally their ingestion in food is followed by typical gastro-enteritis (Clayton 
and Hunter 1928, Sowden 1933, Scott 1936). 

The proportion of total food-poisoning outbreaks constituted by salmonella 
infections is difficult to assess accurately. In 112 outbreaks in the British Isles 
recorded by Savage (1920), 39 were shown to be due to bacilli of this group. In 
100 later outbreaks recorded by Savage and White (19256), these bacilli were iso- 
lated in only 20 instances. Scott’s experience at the Ministry of Health (see 
Table 148) suggests that about 40 per cent, of the severer outbreaks are due 
to salmonella infections. 

Animal Reservoirs o! Salmonella. — Though human infection with Salmonella 
is widespread and frequent, the majority of food-poisoning outbreaks due to this 
group of organisms follow the consumption of food directly or indirectly associated 
with infection of some animal. We may therefore consider briefiy the distribution 
of Salmonella in the common domestic animals and birds. 

Ducks. — Salmonella infection of these birds, mainly with the typM-murium, 
anatum, enteritidis var. essen, dublin and newington types, appears to be not 
uncommon. 

Beller and Reinhard (1934) in Germany, who examined 1,500 ducks’ eggs from 34 
farms, found that about 1 per cent, of them contained salmonella organisms. Infection 
was present on seven of the farms, and about 2-8 per cent, of the eggs from these farms 
were infected. Lerche (19366) isolated Salm. typhi-murium from 19 out of 332 ducks’ 
eggs bought in Berlin, Edwards (1939) refers to 5 outbreaks in the United States due 
to Salmonella. In this country Gordon (1940) examined 21,000 samples of blood from 
adult ducks, and found agglutinins to Salm. typM-murium or Salm. enteritidis in 4*6 per 
cent, of them. 
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Salmonella infection of fowls, i.e. cMckens and hens, appears to be more wide- 
spread than in ducks, though according to Gordon (1940) the resulting disease 
is less often fatal in chicks than in ducklings. 

Infection of fowls in Germany with Salm. typhi-murium has been described by Beller 
and Zeki (1934), and with Salm, dublin by Ltitje (1937). In the United States Edwards 
and Bruner (1943) have records of 862 outbreaks in fowls, omitting those due to Salm. 
pullorum, Salm. gallinarum and Salm. paratyphi B. It seems clear, however, that these 
authors use the word “ fowl” in an extended sense, and probably include in it not only 
chickens and hens, but ducks, pigeons, turkeys and canaries. MaUmann, Byff and 
Matthews (1942) have collected records of 17 different types of Salmonella infecting fowls, 
omitting the pullorum, gallinarum, paratyphi A and paratyphi B types. In addition, 
they found 3 new types themselves. Taking their records with those published by Edwards 
(1939), we give the following hst of 24 species of Salmonella found in chickens and hens 
in the United States : typhi-murium, anatum, enteritidis, oranienhurg, hareilly, duhlin, 
montevideo, kentuchy, minnesota, Worthington, derby, newport, cholerce-suis, amersfoort, 
muenchen, newington, senftenberg, new-brunswich, london, give, dberdeen, California, urbana 
and hvittingfoss. In this country salmonella strains have been isolated from about 10 per 
cent, of over 6,000 samples of spray-dried egg powder, most of which came from the 
United States. The commonest types were oranienhurg, montevideo, meleagridis, hareilly 
and anatum, but several others were met with. Twelve types, not mentioned in the 
list given above, were isolated, namely hovis-morbificans, hredeney, cerro, hahana, manhattan, 
Oregon, potsdam, Stanley, sundsvall, tennessee, California, and litchfield. In Great Britain 
salmonella infection of fowls is not uncommon ; apart from Salm. pullorum and Salm, 
gallinarum, the chief type isolated so far has been Salm. thompson. 

From these results it may be concluded that, at least in the United States, 
infection of fowls with potential food-poisoning types is widespread, and that 
eggs or egg products are often infected with Salmonella. It is well known, of 
course, that fowls often suffer from bacillary white diarrhoea due to Salm. pullorum, 
and ducks from keel disease due to Salm. anatum ; but, though both these organisms 
may occasionally infect man, neither is of the same public health importance as 
the more common food-poisoning types. 

The eggs may be infected during their formation in the oviduct, or by passage 
of the organisms through the shell from the feeces on the exterior (Scott 1933, 
Kathe and Lerche 1936, Lerche 1936b, Jansen 1937). Salmonella organisms may 
survive for at least 5 months at room temperature in infected faeces (Lerche 1936a). 
Their passage through the shell depends on a number of factors. Provided it is 
dry, little penetration is likely to occur, and the bactericidal effect of the egg 
albumen will probably prevent multiplication of the few organisms that may 
gain access to the interior. If, however, a warm, newly laid egg is brought into 
contact with fluid containing bacteria at a lower temperature than the egg itself, 
bacteria are readily sucked through the shell as the egg cools (Haines and Moran 
1940). Whether multiplication occurs in the yolk is doubtful ; but it is well to 
remember that, according to Prescott and Tanner (1938), most foods must be 
stored at 5° C. or less to ensure that no growth of these organisms takes place. 

Pigs rival fowls in the frequency with which they are infected with Salmonella. 

In Uruguay, Hormaeohe and Salsamendi (1936) examined the pooled mesenteric 
lymph nodes from 20 normal animals at a time. Salmonella organisms were isolated 
from 22 out of 62 batches. An even higher proportion of positive results was obtained 
by the same authors (1939) in a later investigation. In this country, Scott (1940) examined 
pooled mesenteric lymph nodes and pooled spleens from apparently normal pigs, and 
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isolated Salmonella from 36 out of 100 "batches, representing an aggregate of 1,000 pigs. 
The lymph nodes were far more often infected than the spleen. In the United States, 
Bubin, Scherago and Weaver (1942) found that about 10 per cent, of hogs in Lexington 
contained Salmonella in their mesenteric lymph nodes ; and Cherry, Scherago and Weaver 
(1943) isolated Salmonella from 5-9 per cent, of retail pig products, mainly brain, chops 
and liver. In Mexico, Varela and Zozaya (1942) isolated 15 strains of Salmonella from 
mesenteric lymph nodes taken from a total of 209 apparently healthy pigs. The types 
found in these different countries comprised cholerce-suis, typhi-murium, thompson, anatum, 
newporti derhy, senftenberg, enteritidis, london, duhliut reading, montevideo, bredeney, newing- 
ton, muenchen, cliester, heidelberg, meleagridis and give. In addition, "Edwards and Bruner 
(1943) include occasional strains of san-diego, California, hareilly, Oregon, manJiattan, 
panama, pullorum, lexington, new-brunswich, illinois, worihington, wichita and urhana. 
Balm, cholercB-suis is probably the commonest type, because of the frequency with which 
it is found as a secondary invader in swine fever. 

Cattle constitute a less important reservoir for Salmonella than either fowls 
or pigs ; and the number of different types that have been isolated from them 
is considerably less. 

The observations of ELnoth (1936), Bartel (1938), Pohl (1938), and Liitje (1930) in 
Germany have shown that the two commonest types are Balm, duhlin and Balm, typhi- 
murium, but that other types, met with much less frequently, include cholerce-suis, enteri- 
tidis, rostocJc, abortus-equi, abortus-ovis and hovis-morhijicans. Balm, duhlin is pathogenic 
particularly for calves, in which it gives rise to enteritis or so-called calf dysentery, with 
or without bronchopneumonia ; the joints may be affected, and occasionally a general 
septicsemia occurs without localizing symptoms. Balm, typhi-murium, on the other 
hand, is found more often in adult cattle, usually in association with severe enteritis. 
In fatal infections both organisms can often be demonstrated in the spleen, liver, gall- 
bladder, and hepatic lymph nodes, as well as in the intestine. Metritis, mastitis, and 
nephritis are sometimes seen. 

Apart from Salm. ahortus-ovis, which may cause abortion, sheep are seldom 
infected with Salmonella. The duhlin, typhi-murium and enteritidis t3rpes have 
been isolated occasionally (Bartel 1938), but infection with any of these organisms 
appears to be rare. 

Prom horses the duhlin, typhi-murium, enteritidis and hovis-morhijicans types 
have been isolated (Bartel 1938), as well as the more freqnent Sahn. ahortus-egui. 
The incidence of salmonella infection in these animals is still imperfectly known. 

Rodents. — Both rats and mice suffer naturally from infection with Salm. typhi- 
murium and Salm. enteritidis. 

Savage and White (1923) examined 96 rats from two slaughter-houses. Erom 6 of 
them — all from one slaughter-house — Balm, enteritidis was isolated ; 3 of them were 
harbouring the organism in their intestines and had presumably been excreting it before 
death. Moreover, 20 out of 66 rats examined contained agglutinins in their blood scrum 
for Balm, enteritidis, varying in titre from 1/40 to 1/800 or higher, probably indicative 
of either an old or a recent infection. They quote the findings of Savage and Read, who 
isolated this organism from 6 out of 41 rats examined in 1913. More recently Khalil 
(1938) examined 750 wild rats trapped in Liverpool. About 70 per cent, were of the 
large brown and 30 per cent, of the small black variety. Cultures were put up from 
the liver, spleen and gut. Salmonella was isolated from 55 rats, i.e. 7-3 per cent. Of 
a total of 89 strains isolated, 45 belonged to the enteritidis, 40 to the typhi-murium, 3 to 
the newport, and 1 to the thompson type. In the United States, Welch, Ostrolenk and 
Bartram (1941) report the isolation of Salmonella from 5 out of 420 samples of rat and 
mouse faeces received from different parts of the country, i.e. 1*2 per cent. The studio 
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of Topley and his colleagues in this country and of Webster and his colleagues in the 
United States (see Chapter 56) have shown that infection of rodents with JSalm^ella 
may result in an acute rapidly fatal septicaemia, a subacute enteritis which may or may 
not prove fatal, a chronic disease accompanied by changes in the liver and spleen, or by 
a completely symptomless infection. 

Type of Food. — In salmonella outbreaks the incriminated food has generally 
been meat, milk, fish, or other animal protein such as eggs ; vegetables and 
cereals are less commonly, and fruits rarely, implicated. Moreover the meat has 
often been made up into pates, pies, brawn, jellies, sausages, or other similar pro- 
ducts — a process that involves imperfect cooking and liability to contamination. 
Fresh meat that has been responsible for poisoning will on investigation generally 
be found to have been stuffed, or re-cooked, or otherwise treated ; or it may prove 
to be ham that has been imperfectly pickled or cooked. 

In some outbreaks the food has been prepared and allowed to stand for a time 
before being eaten ; in others it has been heated up again on the 2nd or 3rd days ; 
in others, especially in hot weather, it has been placed in the oven for an hour or 
so “ to prevent its going bad,*' and not cooked and eaten till the following day. 

It is important to remember that the food may, and generally does, appear 
quite normal to ordinary inspection. To illustrate this, van Ermengem (1896) 
tells a graphic story of a meat inspector in Belgium who was asked to give his 
opinion on some suspected sausages. Judging from their excellent appearance, 
their good smell, and their rosy colour, he pronounced them suitable for consump- 
tion, and to demonstrate their harmlessness he ate three slices himself. He 
developed acute gastro-enteritis, and died in 5 days. From his viscera at autopsy, 
and from the sausages, Salm. enteritidis was isolated. This story illustrates another 
point of importance — ^namely, that the distribution of bacilli in an article of food 
may be quite uneven. Though a large number of sausages were made from the 
same meat on the same day, only four of them were infected. This is a 
frequent observation, particularly in relation to canned foods ; only one or two 
cans of a large batch may prove harmful, showing that either the original con- 
tamination was localized, or that in the process of sterilization one or two cans, 
through bad packing or some other cause, failed to be raised to the temperature 
required to kill the bacilli. 

In 68*8 per cent, of the 112 British outbreaks recorded by Savage (1920), in 
which animal food was the vehicle, the meat was derived from the pig or the ox. 
Experience in other countries has been much the same. Meyer (1929), for example, 
reports that, in Germany between the years 1923 and 1928, out of a total of 281 
outbreaks in which the animal source of origin was determined, 168 were due to 
cattle, 60 to pig, and 49 to horse flesh. In 137 other outbreaks sausage meat was 
the cause, and in a further 75 outbreaks meat of various types had been used. 

Of recent years considerable attention has been directed towards poisoning by 
eggs. These have been derived most frequently from ducks, less often from hens 
and pigeons (Clarenburg and Dornickx 1932, Lovell 1932, Scott 1933, Seligmann 
1935, Hohn and Herrmann 1935, Jansen 1936). 

The frequency of food poisoning from this source is peculiarly difficult to 
ascertain, because unless the infected egg is used for preparing a custard, cream 
filling, or some similar dish, infection is restricted to individuals, and so does 
not usually come to the notice of the public health authorities. Moreover, the 
causal relationship is often never even suspected. During the second world war 
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several new types of Salmonella were isolated from cases of food poisoning (see 
Table 149, p.l597). Circumstantial evidence suggested very strongly tbat most of 
these were derived from the consumption of imported spray-dried egg. This 
product was not distributed on a large scale till the middle of 1942. Bacteriological 
examination revealed the presence of Salmonella in over 10 per cent, of the samples, 
the most common types being the same as those most frequently isolated from 
cases of food poisoning, namely oranienburg, montevideo^ meleagridis, hareilly and 
anatum. The close parallelism, both chronologically and qualitatively, left little 
doubt that the egg powder was mainly responsible. The reason why food poisoning 
due to this cause was not commoner than it was must be ascribed mainly to the 
consumption of the egg powder soon after reconstitution, so that growth had no 
time to occur, and to the destructive effect of cooking. 

Mode of Infection of the Food. — Briefly, the meat may come from an animal 
infected during life with a specific organism, or it may come from a healthy animal 
and be contaminated during the course of preparation for eating. 

Enough has already been said to show that salmonella infection of domestic 
animals is by no means infrequent, particularly among fowls, ducks, pigs and 
cattle. The question at issue is : How often does meat responsible for food poison- 
ing come from obviously diseased or from apparently healthy animals ? That 
Salmonella may give rise to acute disease in domestic animals is abundantly clear. 
Elkeles (1930), who has reviewed the subject, quotes figures from Standfusz which 
show that, of clinically recognizable infections, 22-47 per cent, are characterized 
by gastro-intestinal symptoms, 11-21 per cent, by septicsemia, 11-19 per cent, 
by disturbances occurring at parturition, and 19-48 per cent, by other manifesta- 
tions. It seems probable that meat from such animals is far more likely to be 
dangerous to human beings than meat from animals which are suffering from no 
more than a latent infection of the glands or spleen. This is in accordance with 
epidemiological evidence, which shows that in most instances of food poisoning 
due to the consumption of flesh from an infected animal, the animal has been 
emergency-slaughtered.’’ In Germany, such animals afford a frequent source 
of human infection. No fewer than 120 of the German outbreaks recorded by 
Meyer (1929) between the years 1923 and 1928 were due to this cause. In Great 
Britain and the United States, on the other hand, the consumption of meat from 
obviously sick animals is far less common, and most salmonella food-poisoning 
outbreaks are due to contamination of meat from a healthy animal after slaughter. 
Exceptions do, however, occur. Animals that appear to be healthy in the abattoir 
may nevertheless be suffering from a generalized salmonella infection. Scott (see 
Keport 1936), for example, records an outbreak traced to the carcase of an animal 
that was almost certainly suffering from septicaemia. The carcase was not notice- 
ably unhealthy, yet from all parts of it Salm, ty^hi-murium was isolated. Ketz 
(1937) likewise describes an outbreak due to the same organism which was traced 
to the meat of a young cow. This animal had been inspected by the vetermarian 
before slaughter and had been reported as in prime condition. No evidence of 
disease was found on examination of the carcase, but Salm. typhi-murium was 
isolated from a number of animals on the farm from which the cow came. Healthy 
carriers of this sort are probably uncommon, but it is well to remember that neither 
they nor the very early septicsemic case can be detected by veterinary inspection. 
A further exception must be made for certain milk-borne outbreaks in which, either 
the udder of the cow is shown to be infected, or the milk becomes contaminated 
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from the infected fseces of the animal. Outbreaks of the former ty^pe have been 
recorded by Kinloch, Smith and Taylor (1926) and Tulloch (1939), and of the 
latter t 5 ^e by McAllan and Howie (1931) and Conybeare and Thornton (1938). 

Passing on to the second method of infection, we may note that opportunities 
for sound meat to be contaminated during the course of preparation for food are 
numerous, though it is notoriously difficult to detect the way in which any given 
article has been infected. The main sources are rats and mice, and human carriers. 

The frequency of rodent typhoid varies in different countries, and in different 
parts of the same country, and is often increased locally by the use of '' virus ” 
preparations containing living salmonella organisms for the extermination of rats 
and mice. It is well known that infected animals, while suffering from a chronic 
disease, or showing no obvious syniptoms of illness, may excrete the causative organ- 
ism in the faeces for weeks or months (Topley and Ayrton 1924). Moreover, in 
the faeces themselves. Salmonella may survive under favourable conditions for 
5 months or longer (Welch et al. 1941). Pood prepared in unsanitary premises 
is liable to be contaminated from the droppings of these animals. It is usually 
difficult to obtain conclusive evidence that the food has been infected in this way, 
but outbreaks suggestive of a rodent source of infection have been described by 
Bainbridge (1912), Willfiihr and Wendtlandt (1921), Spray (1926) and Jones and 
Wright (1936). In addition, several outbreaks are on record in which infection 
has been traced, directly or indirectly, to the use of ‘‘ virus ” preparations (see 
Shibayama 1907, Jordan 1931, Kristensen and Bojlen 1931, Harhoff 1941, Leslie 
1942). 

The part played by the human carrier is difficult to define. In 121 outbreaks 
of food poisoning investigated by Savage (1932) there were only 5 in which a human 
carrier seemed to have been responsible, and Savage would therefore ascribe little 
importance to this mode of infection. Other workers, however, such as Jordan 
(1917) and Geiger (1923) take a more serious view. Eubenstein, Peemster and 
Smith (1944) ascribed no fewer than 6 out of 17 food-poisoning outbreaks to infection 
by human contact. There are now numerous instances on record in which Salmon- 
ella has been isolated from convalescents, ambulant cases, chronic carriers, and 
healthy persons. 

Thus Fletcher (see Perry 1920) found Salm. typhi-murium in the fseces of three soldiers 
who were convalescing from dysentery or enteric fever. Trommsdorf, Eajchman and 
Porter (1911), in their investigations of the Wrexham outbreak of 1910 due to pork pies, 
found that the head cook was a chronic carrier, and was excreting an organism of the Sal- 
mondla group in her faeces. Sporadic cases of infection with organisms of the Salmonella 
group are not uncommon (Kosher and Wilson 1921). A large outbreak of food poisoning 
in Prance during the war of 1914-18 due to Salm, newport was ascribed by Perry and Tidy 
(1919) to a human carrier in the cook-house. 

Borman, Wheeler, West and Mickle (1943) encountered one carrier of Salm, hareilly 
and another of Salm. wortUri^on—^iOth of over a year’s standing. Moreover, now that 
routine examinations of canteen staffs are common practice, and methods of isolation 
have been improved, far more salmonella carriers are being detected than formerly. Thus 
Borman and his colleagues found two patients at operation to be carrying Salm, montevideo 
in the gaU-bladder. Bomstein, Saphra and Strauss (1941) met with healthy carriers 
of the oranienburg, derby, typhi-murium, Chester and montevideo types — three of them 
in food handlers ; and Bomstein and Saphra (1942) reported the finding of healthy carriers 
of the urbana and senftenherg types. Pour chronic carriers were met with by Eubenstein, 
Peemster and Smith (1944). Patients who have suffered from salmonella infection may 
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continue to excrete the causative organism for several weeks. Perry and Tidy (1919), 
for example, reporting on an outbreak in France affecting over 1,000 men, due to Salm. 
typhi-murium, found that 50 per cent, of the patients ceased to excrete the organisms 
by the end of the 4th week ; one patient, however, was still excreting them after 14 weeks. 
Mosher, Wheeler, Chant and Hardy (1941) report that in another outbreak, due to Salm. 
typhUmurium, about 50 per cent, of the convalescents excreted the organism in the faeces 
for 2 weeks, 20 per cent, for 4 weeks, 10 per cent, for 7 weeks, and occasional patients 
for even longer, one continuing for 18 weeks. The experience of the Emergency Public 
Health Laboratory Service in England and Wales during the second world war amply 
confirmed these findings, and several patients were encountered who had been excreting 
Salmonella in the faeces for many months. ^Numerous workers, it may be noted, have 
found Salmonella in the tonsils. Varela and Olarte (1942), for example, in Mexico, isolated 
organisms of this group belonging to 8 different species from 8 per cent, of hypertrophied 
tonsils removed from children. 

Temporary carriers and ambulant cases must always be a menace to the human 
population. Their detection by bacteriological methods is bound to be difficult, 
since their infection will often have cleared up before suspicion is cast upon them. 
How far the chronic human carrier is responsible for infection of food must, however, 
await further observation. 

It may be noted that, in food-poisoning outbreaks due to food derived from a sick 
animal, Salm. enteritidis and Salm. dublin are most frequently found, whereas in outbreaks 
due to sound meat contaminated during its course of preparation for food, Salm. typhi- 
murium is the predominant organism (see Bainbridge 1912, Mayer 1913, Jordan 1917). 

Before leaving this subject attention should be drawn to the apparent infre- 
quency of salmonella food poisoning in man in spite of the widespread incidence 
of infection in domestic animals, and their products used for food, and in rodents. 
Scott (Beport 1929) explained this discrepancy on the assumption that large 
doses of Salmonella were probably required for infection of man. In typhoid, 
cholera and probably dysentery, minute amounts of infective material may suffice 
to cause disease ; but in food poisoning large doses are generally necessary. Savage 
(1942a) has ably developed this theme in relation to paratyphoid fever ; and 
Hormaeche, Peluffo and Aleppo (1936) have supported it by human volunteer 
experiments with Salm. typlii-murium. These workers found that adults might 
ingest as many as 2,000 to 4,000 million organisms without suffering from any 
symptoms at all, or from not more than mild afebrile diarrhoea. Infants and old 
persons, however, appear to be considerably more susceptible, and fatal cases 
are restricted mainly to these two age groups. 

Bacteriology and Epidemiology of the Toxin Type of Food Poisoning 

The clinical manifestations of this type of food poisoning, which come on usually 
after a very short incubation period, have already been described. The type of 
food concerned varies considerably. Canned or potted meat or fish, meat pies, 
gravy, pickled or pressed beef, ham, tongue, and cream or custard fillings are 
among the commonest articles, but cheese, ice-cream and rnilk are occasionally 
incriminated. Numerous outbreaks in this country have followed the consumption 
of imported American spray-dried egg. 

Our knowledge of this form of food poisoning is still fragmentary, mainly 
owing to the absence of any laboratory test for demonstrating toxin in the food 
or in bacterial cultures prepared from it. The cause of one form, however, is 
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now establislied without any reasonable doubt, namely that due to staphylococcal 
enterotoxin. 

Staphylococcal Toxin Poisoning. — ^As Dack (1943) points out, the ability of 
some strains of staphylococci to produce a toxic substance capable of irritating the 
gastro-intestinal tract has been discovered four times — by Denys (1894) in Belgium, 
by Owen (1907) in the United States, by Barber (1914) in the Philippines, and 
by Dack, Cary, Woolpert and Wiggers (1930) in the United States. In 1914 Barber, 
working in the Philippines, reported a very clear instance of a toxin ” outbreak 
due to the growth of a white staphylococcus in the milk of a certain cow. Imme- 
diately after withdrawal from the udder, the milk could be consumed with impunity, 
but if it was allowed to stand for a few hours at room temperature, 28°-30'' C., 
it gave rise within about 2 hours to nausea, vomiting, abdominal pain, diarrhoea, 
cramps, and faintness. Similar symptoms were produced in human volunteers 
by the consumption of pure milk cultures of the strain of Staph, albus isolated 
from the cow in question, though kittens, puppies, and monkeys proved refractory. 
This report furnished in its general outlines an almost complete picture of the 
causative factors responsible for a ''toxin” outbreak. Unfortunately, however, 
no particular attention seems to have been paid to it, and it was not till the redis- 
covery several years later by Dack and his colleagues (1930) of staphylococcal food 
poisoning that the subject attracted the attention it deserved. Since that time 
numerous outbreaks caused by the production of a toxic substance elaborated by 
staphylococci in the food have been described (Dack et al. 1930, 1935, Jordan 
1931, Jordan and Hall 1931, McBurney 1933, Jordan and Burrows 1934, Report 
1934). Most of the outbreaks have followed the consumption of milk pro- 
ducts, particularly cakes and eclairs filled with cream or custard, though some 
have been traced to gravy or to canned meat or fish. The circumstances havo 
invariably been such as to favour the multiplication of the organisms in the food 
prior to its consumption. 

The origin of the staphylococci is still in doubt, but in view of the frequency 
of these organisms in the human nasopharynx, on the human skin, and in cows’ 
milk, contamination of food must be relatively common. Only, however, when 
conditions favour their growth in the food, is their presence likely to be of danger. 
What proportion of strains are toxigenic is not yet known. Hope of settling this 
point and of learning something about the conditions that favour the formation 
of enterotoxin was awakened by the introduction by Dolman, Wilson and Cock- 
croft (1936) in Canada of the intraperitoneal kitten test. 

These workers found that, if a suitable strain of staphylococcus was grown in soft 
nutrient agar for 3 days at 37° C. in an atmosphere containing 10 per cent. COg, an entero- 
toxin was produced which, when extracted by saline and inoculated intraperitoneahy 
into a kitten, gave rise to vomiting within about 2 hours. To avoid confusion, any 
hsemolysin present had to be inactivated by neutralization with specific serum, by foxmo- 
hzation, or by boiling for 20 minutes at pH 7. Unfortunately, this method has not with- 
stood the test of experience. The observations of Kojima and Kodama (1939), Slanetz 
(1942), and Fulton (1943) strongly suggest that the substance responsible in the boiled 
extract for causing vomiting is residual j^-toxm. Fulton, for instance, was able to obtain 
a positive kitten response with as little as 2 fjLg. of a purified j5-lysin. On the other 
hand, -die ^-lysin is apparently incapable of causing gastro-intestinal irritation in man 
(Fulton 1943, Dolman 1943). This may explain why extracts of staphylococcal cultures 
from some toxin outbreaks have given a negative kitten test, and why extracts of other 
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strains from non-epidemic sources have caused vomiting in kittens but have proved 
innocuous to human volunteers. Whether it is possible, as Dolman (1943) maintains, 
to distinguish the reaction of the Idtten to enterotoxin from that due to j5-lysin is doubtful ; 
further work wiU be required to settle this point. Several other animal tests for detecting 
enterotoxin have been described (see p. 617), but none of these has so far been entirely 
satisfactory. In 1935 Stritar and Jordan concluded that no method existed, apart from 
the feeding of broth filtrates to human volunteers, of determining whether a given strain 
was toxigenic. With this conclusion we are still forced to agree. 

Little is yet known about the nature of the toxin produced. Dolman has 
always insisted that it is distinct from either the a or the /S-haemolysin; but though 
it is now fairly well established that it cannot be identified with the ^-lysin, its 
lack of relation to the a-lysin is not so clear. Fulton (1943) was unable to separate 
the two, and was of the opinion that some, though not all,oc-lysins might be entero- 
toxic. 

Eeference has already been made to the apparently curious behaviour of the 
enterotoxin towards heat. The evidence suggests that, in common with the a 
and /3- staphylococcal lysins, the lecithinase of CL welchii cultures, and probably 
certain other substances of enzymic nature, the enterotoxin may be inactivated 
by heating at 60° 0. for 30 minutes, but may not be completely destroyed by 
boiling (see Fulton 1943). Confusion has arisen in the past owing to failure to 
realize this, and to the statement frequently made that the a-lysin is destroyed at 
60° C., whereas the enterotoxin withstands heating to 100° 0. (see pp. 615-617). 

The enterotoxin gives rise to acute gastro-enteritis with severe collapse when 
consumed by human volunteers in doses of 2-10 ml., but different persons vary 
in their susceptibility towards it. It is relatively non-toxic when fed to most 
laboratory animals, though young rhesus monkeys may be affected after a dose 
of 25-50 ml. It is of doubtful antigenicity, and little tolerance to it seems to be 
developed in the human subject as the result of repeated dosage (see Jordan 1930, 
Jordan, Dack and Woolpert 1931, Dack, Jordan and Woolpert 1931a, Back et al. 
19316, Jordan and Burrows 1933) ; though Dolman (1944) claims to have been 
able to immunize human subjects against it by repeated subcutaneous injections 
of a formol toxoid preparation. 

Non-staphylococcal Toxin Poisoning. — The occurrence of staphylococcal 
food-poisoning outbreaks has suggested an explanation for many of. the other 
“ toxin ” outbreaks. For several years banal organisms such as Proteus vulgaris 
and Bact coU have been found in suspected food, but their importance has generally 
been discounted on the basis of their non-pathogenicity to laboratory animals. 
It is now becoming increasingly probable, both on epidemiological and bacterio- 
logical grounds, that a number of organisms, many of them non-pathogenic, when 
allowed to grow in food under suitable conditions, are able to give rise to toxic 
substances having a highly irritating effect on the human gastro-intestinal mucosa. 

Numerous outbreaks have now been described in which no living Salmonella 
or Shigella could be demonstrated, but in which the incriminated food contained 
large numbers of organisms belonging to the Proteus, coliform, Streptococcus, or 
aerobic spore-bearing groups (see, for example, Gliicksmann 1899, Silberschmidt 
1899, Ffuhl 1900, Aoki and Sakai 1926, Linden, Turner and Thom 1926, Demnitz 
1926, Jansen and Dooren de Jong 1930, Cary, Dack and Myers 1931, Gustafson 
1932, Tanner and Eamsey 1932, Jordan and Burrows 1934, Gray 1937, Cary, 
Dack and Davison 1938, Kathe 1937, Scott 1939, Lodenkamper 1940, Cooper, 
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Davies and Wiseman 1941, Getting, Bubenstein and Foley 1944). Dolman (1943) 
is of tbe opinion tbat many, if not all, outbreaks of tMs type are really due to 
staphylococcal enterotoxin, formed by staphylococci that have subsequently died 
out or been overgrown by other organisms. Such a Unitarian hypothesis, however 
attractive, is not altogether satisfactory. We have ourselves examined a number 
of foods from toxin outbreaks in which we have been unable, even by the use of 
enrichment and selective media, to demonstrate a single staphylococcus, or to 
detect the presence of pre-formed staphylococcal haemolysin in an extract of the 
food. It is not easy to explain why a hardy organism like Staph, aureus should 
die out completely, when less resistant organisms like green-producing streptococci 
are present in abundance. Again, in some of the toxin outbreaks, the incubation 
period has been as long as 12 hours ; in known staphylococcal outbreaks, on the 
other hand, it is usually 1-4 hours, and rarely, if ever, longer than 6 hours. 

Whether the other organisms, to which we have referred, are able to form 
a true enterotoxin, whether they produce toxic breakdown products in the medium, 
or whether they act in some other way is still unknown. The observations of 
Cary and his collaborators (1931, 1938) suggest that green-producing streptococci 
may give rise to food poisoning when they are ingested in large numbers alive, 
but that they do not produce hltrable toxic substances in vitro. If this is true, 
it is difl&cult to understand why, in some of the streptococcal outbreaks that have 
been described, the incubation period has been as short as 4 hours, for little toxin 
production by living bacilli could be expected in so short a time. 

Experimental work on the non-staphylococcal types of food-poisoning has not 
been fruitful. 

Jordan and Burrows (1935) reported that freshly isolated strains of organisms such 
as streptococci, Proteus, Bact. coli and Pact, cerogenes, when grown under suitable con- 
ditions, were capable of producing substances that caused vomiting and other symptoms 
of gastro-intestinal irritation in monkeys. The exact conditions necessary to the pro- 
duction of these substances were not defined, but growth in a custard medium, or in a 
medium to which starch had been added, appeared to be particularly favourable. Hunter 
and Back (1938) were unable to confirm these findings ; and Dolman (1943) has likewise 
failed to produce vomiting in human volunteers fed with culture filtrates of strains of 
Proteus vulgaris, Bact. coli, streptococci and aerobic spore-bearing bacilli that had been 
isolated some months previously from suspected food. Negative results of this sort are 
always difficult to interpret, and it may well be that only some strains are toxigenic or 
toxigenic only under certain conditions. The question is still open, and calls for further 
investigation. 

Whether organisms of the Salmonella group can produce enterotoxic substances 
is likewise open to dispute. There is plenty of evidence to show that they contain 
in their bodies thermostable, water-soluble substances which are toxic on parenteral 
inoculation into animals (Brieger and Fraenkel 1890, Cathcart 1906u, Ecker 1917, 
Savage and White 1925a, Menten 1926, Bahr and Dyssegaard 1927, Meyn 1930). 
Methods fpr extracting these bodies have been described by Boivin and Mesrobeanu, 
Eaistrick and Topley, and Morgan (see Chapter 44), who have shown that they are 
of polysaccharide nature. Injected intravenously into rabbits, they give rise to 
great weakness and prostration, often accompanied by tremors, diarrhoea, and 
hyperglycaemia (Delafield 1934) ; and injected intraperitoneally into mice in a 
dose of about 0*5 mgm,, they prove fatal (Martin 1934). But there is as yet no 
conclusive evidence that they are able to cause gastro-enteritis in naan when taken 
by the mouth; Feeding experiments carried out on human volunteers and on 
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monkeys by Back, Harmon and Jarra (1928), Back, Cary and Harmon (1928), 
and Verder and Sutton (1933), using keat-killed organisms or culture filtrates of 
Salm. tyfhi-murium and Salm. enieritidis, proved uniformly negative. Moreover, 
tke ingestion by students of even 200 mgm. of tke polysacckaride fraction isolated 
by Baistrick and Topley (1934) from Salm. tyjpM-murium was without any obvious 
effect (Colbeck 1942). 

Summarizing, we may say that many of the toxin ’’ outbreaks of food poisoning 
appear to be due to the production of toxic substances in the food prior to its 
consumption. That some strains of staphylococci are capable of forming a potent 
enterotoxin, there is no doubt. Whether other bacteria, particularly streptococci, 
coliform bacilli, Proteus, and aerobic spore-bearers, are able under favourable 
conditions to render food toxic is still undecided. There is ample scope for investi- 
gation along these lines. 

The frequency of the toxin type of outbreak varies in different countries. 
Table 148 (p. 1594), which shows the figures for England and Wales, almost 
certainly underestimates, and underestimates grossly, the real incidence of the 
disease. The attack, though often violent, is usually over so soon, and is limited 
so frequently to a few persons that the health authorities get to hear of only a small 
proportion of the total cases. Scott (1936) estimates that probably about one- 
third of the reported outbreaks of food poisoning of the toxin type are due to 
staphylococcal intoxication, but our information is as yet too scanty to justify 
us in making any definite statement. One factor that greatly hinders exact 
knowledge on this subject is the absence of any simple laboratory method for 
detecting the presence of toxic substances in the food or in filtrates of broth cultures 
of suspected organisms. For this reason many bacteriological reports are com- 
pletely negative, and no further attention is paid to the outbreaks. One fact does 
seem clear, namely that poisoning due to canned meat and fish is becoming much 
less common in this country, owing apparently to the improvements in processing 
made during recent years (Savage 1939). Another interesting fact is the com- 
parative infrequency now of summer diarrhoea of infants. Though this condition 
is usually of an infectious nature, there is a good deal of evidence to suggest that 
milk in which inordinate bacterial growth has been allowed to occur may contain 
substances having an irritating effect on the gastro-intestinal mucosa, particularly 
of infants. Attention was drawn to this possibility many years ago by Park and 
Holt (1903). There is reason to believe that one factor in the diminution of summer 
diarrhoea of late years has been the much greater care exercised in the production 
of milk, and the frequency with which it is now submitted to pasteurization or 
other forms of heat treatment. 

Diagnosis and Investigation of Outbreaks. 

The diagnosis of food poisoning is primarily clinical. For the full investigation 
of an outbreak the reader is referred to textbooks of Hygiene, but the general pro- 
cedure is briefly as follows ; (1) Secure a complete list of cases. (2) Obtain par- 
ticulars of individual cases. (3) Ascertain the vehicle of spread. (4) Betermine 
the causal agent — chemical irritant, Sahnonella, Shigella, Cl. hotuUnum, staphylo- 
coccal toxin, or other form of toxin or infection. (5) Find out how the vehicle 
became infected. (6) Endeavour to trace the reservoir from which the vehicle 
became infected, such as rodents, caltle, fowls, ducks, or human carriers (see 
Savage 19426). 
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Materials collected for examination skonld include (1) the actual food consumed ; 
it is most important that this should be obtained : (2) the vomit and faeces of 
patients, and the blood for agglutination : (3) the blood, spleen, liver and in- 
testine of fatal cases : (4) the faeces and blood of suspected carriers who may have 
contaminated the food. The material should he sent to the laboratory packed in 
ice. A bacteriological examination should first be made, and if this is negative, 
search should be made for chemical poisons or preservatives in the food. 

In salmonella outbreaks the organisms can frequently be demonstrated in the 
food, and in the fgeces of the patient ; vomited matter is much less satisfactory. 
In their isolation the general plan should be to plate suspensions of the suspected 
material on to suitable selective and differential media (see Chapter 69 and Felsen- 
feld 1944), both directly and after incubation in selenite or tetrathionate broth, 
to pick off likely colonies, to identify them roughly by the slide agglutination method 
using special group sera, and to complete their identification later by cultural, 
biochemical, and more detailed serological methods. 

For a description of the general mode of investigating food-poisoning outbreaks 
and of identifying salmonella reference should be made to a memorandum 

by the Ministry of Health (Memo 1935), to Kauffmann’s (1941) monograph, and 
to a paper by Edwards and Bruner (1942) ; and for rapid methods of detecting 
certain chemical poisons to a paper by Korff and Kaplan (1942). The occurrence 
of uncommon types of Salmonella often affords a strong indication of the probable 
vehicle or reservoir of infection ; and even with some of the commoner types, such 
as Salm. tyjphi-'munum or Salm. enteritidis, antigenic or biochemical peculiarities 
may be of help in this respect. For example, absence of the V somatic antigen 
from Salm. typM-munwn suggests a pigeon source (Edwards and Bruner 1940), 
and the biochemical characters of the danysz sub-type of Salm. enteritidis are 
indicative of a rodent origin. Even more promising is the application of the 
bacteriophage method of typing. Felix and Callow (1943) have already been 
able to distinguish two types of Salm. lypJii-mmium by this means, and it is hoped 
that further progress along these lines will be made. The length of time during 
which Salmonella can be isolated varies considerably. Reference to p. 1604 will 
show that about 50 per cent, of patients continue to excrete the causative organism 
for 2-4 weeks. It is therefore always worth while attempting to make a retro- 
spective diagnosis by examination of the fseces of convalescents. It must be 
remembered that occasional outbreaks of suspected food poisoning are caused by 
members of the dysentery group — especially SJi. flexneri and Sh. sonnei. 

Suspected material may be inoculated into mice or guinea-pigs, but this pro- 
cedure is liable to cause confusion. Laboratory rodents often suffer from natural 
infection with the very types of Salmonella that are most likely to be found in 
cases of food poisoning. In consequence, bacilli may be isolated from the tissues 
other than those contained in the inoculum. Many careful workers have fallen 
victim to this type of occurrence (Holth 1909, Miihlens et aL 1909, Zwick and 
Weichd 1910). A similar technique applied to the faeces of healthy animals 
such as cattle and pigs has also been responsible, it may be noted, for grossly 
misleading reports on the frequency of salmonella bacilli in normal excreta. Unless 
therefore a stock of animals is available which is known to be free from this type 
of infection, it is advisable not to use the animal inoculation method. 

An indirect method, which may sometimes be of help in diagnosis, is afforded 
by the use of the agglutination test on the sera of the patients. The value of this 
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metliod, however, is seriously diminished by the fact (1) that the agglutinin response 
in infected persons is usually poor and is often absent, and (2) that salmonella 
agglutinins may be present in the sera of healthy persons (see Chapter 69). In 
patients who have suffered from enteric fever or from previous salmonella infection, 
or who have been inoculated with T.A.B.C. vaccine, residual agglutinins may be 
present ; and a rise in titre within ten days or a fortnight of the food-poisoning 
attack may be due to an anamnestic reaction. Even if agglutinins are found in 
fairly high titre, they can afford no more than an indication of the antigenic group 
to which the infecting organism belongs. In practice it is usually sufficient to 
test the serum of the patients against the species of Salmonella that are known 
to be commonest in the region, choosing preferably chloroformed suspensions 
giving both H and 0 agglutination (Scott 1936 ; see also Bridges and Taylor 1944). 
Of more value epidemiologically is the testing of the serum against the infecting 
organism itself, if this has been isolated from one or more of the patients. In 
this way useful information may sometimes be obtained about the possible con- 
nexion of suspected cases or carriers with the main outbreak. But again, a negative 
result is of little value, since so many patients fail to develop agglutinins. 

In the absence of demonstrable salmonella or dysentery infection, or of symptoms 
pointing to chemical poisoning, an endeavour should be made, particularly in out- 
breaks of the toxin type, to obtain evidence of the presence of toxic substances 
of bacterial origin in the food or of organisms capable of forming such substances. 
The investigation of this type of outbreak is remarkably difficult. Though it 
may be worth while feeding the suspected material to rhesus monkeys, the only 
satisfactory way is to make tests on human volunteers. Search should be made 
in the food for organisms such as staphylococci, streptococci, coliform, Proteus 
and aerobic spore-bearing bacilli, which may be potentially toxigenic ; but little 
attention should as a rule be paid to any of these organisms unless it is present 
in large numbers. Similar organisms should be sought for in the patient’s excreta. 
In staphylococcal outbreaks, the organisms may be found in the vomit and occa- 
sionally in the fseces ; if so, they should be examined serologically or by the bacterio- 
phage typing method (see Wilson and Atkinson 1945) to see whether they resemble 
the strain isolated from the food. Any organism on which serious suspicion is 
cast should be grown in soft agar for 2-3 days in 10-30 per cent. COg, and a saline 
extract of the culture, filtered or centrifuged to remove living organisms, fed in 
2-5 ml. quantities to human volunteers. 

In many of these outbreaks even a careful review of all the evidence, epidemio- 
logical and bacteriological, will justify no more than a cautious expression of 
opinion as to their mode of origin. As has already been pointed out, there is 
ample scope for investigation of this type of outbreak, and it is to be hoped that 
in the future an attempt will be made to ascertain the chemical nature of the 
bacterial toxins found in the food. 

The examination of canned foods should be conducted on the same principles 
as that of fresh food, but there are a number of technical details to be attended 
to ; for a description of these the reader is referred to articles by Esty and Stevenson 
(1925), Savage (1923), Esty (1935), Woodcock and Lewis (1938), Jones and Jones 
(1941), Eeport (1941), and Baumgartner (1943). 

Prophylaxis. 

The hygienic precautions necessary to prevent food poisoning concern the 
whole course of the food from the slaughter of the animal to the final preparation 
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for consumption. A tiiorougli system of meat inspection is essential. The meat 
of animals that are ill or are emergency-slaughtered should as a rule be condemned. 
To this precaution alone Meyer (1916) attributes the comparative infrequency of 
meat poisoning in California, where it is known that calves are infected with Balm, 
enteritidis. The laxity of the meat inspection in Germany since the war of 1914-18 
appears to have resulted in a great increase in the number of poisoning outbreaks. 
The measures to be taken to ensure the cleanliness of premises where made-up 
meat is prepared are dealt with fully in textbooks of Hygiene. Valuable control 
measures, affecting both equipment and personnel, are suggested in the Ordinance 
and Code of the United States Public Health Service regulating eating and drinking 
establishments (Report 1943). It is particularly important not to employ cooks 
having a history of previous enteric infection. Any food-handler suffering from 
vomiting or diarrhoea should be suspended from work or given other occupation. 
Everything should be done to prevent the access of rats, mice, flies (see Ostrolenk 
and Welch 1942), and other animals or insects to food destined for human con- 
sumption. 

Meat should be used fresh whenever possible, and should be thoroughly cooked 
before it is eaten. Cooking, it must be understood, does not necessarily sterilize 
the meat. The penetration of heat into a large joint is slow, and the interior may 
not reach, or may not be maintained long enough at, a temperature sufficient to 
kill all the organisms. This is especially true of food contained in cans, which, 
even after heating to above the boiling-point for an hour or more, may yet con- 
tain living organisms — generally thermophilic or spore-bearing baciUi or resistant 
micrococci. Several workers have shown that about 70 per cent, of samples of 
canned foods are not sterile (Vaillard 1902, Bushnell 1922, Savage 1923). On the 
other hand, food poisoning is far less often caused by canned foods than by made- 
up foods. This is to be attributed partly to the greater heating that the former 
receive, but largely to the much greater care that is used in their preparation. 
But cooking is a wise precautionary measure ; even if it fails to kill all organisms, 
it probably succeeds in diminishing their numbers. If the food is not to be eaten 
immediately after it has been cooked, it should be placed in a cool situation, pre- 
ferably in an ice-chest ; otherwise organisms that have escaped destruction may 
multiply abundantly. That this is true is manifested by the Chesterfield outbreak, 
which was due to the consumption of pork pies. In persons who ate them 2 days 
after they had been cooked, the incubation period was 22 hours ; in those who 
ate them 4 days after cooking it was 20 hours ; 6 days after cooking it was 14 
hours, and 7 days after it was only 2J hours, suggesting that the organisms had 
multiplied abundantly since the preparation of the pies (see also Baars 1931). This 
precaution applies to all foods, especially nulk. After pasteurization or boiling 
the milk should be rapidly cooled. In the preparation of ice-cream Buchan (1910) 
found that an enormous increase of bacteria occurred during the process of slow 
cooling that is employed after the preliminary heating. 

The protection of custard and cream fillings and of made-up meat dishes, such 
as brawn and pressed beef, from staphylococcal infection of human origin requires 
the greatest care and vigilance. In heavy nasal carriers of Staph, aureus, the 
hands are often infected, and there may be suppurative skin lesions on the hands 
and arms. Measures little short of a surgical aseptic technique may have to be 
taken to prevent infection of the ingredients, and stringent regulations should 
be laid down about the adequate heating and subsequent refrigeration of the food. 
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The consumption of any animal food in the raw condition is attended by a certain 
amount of risk. This is particularly true of milk and cream. There is general 
agreement that, for the prevention of food poisoning and other milk-borne diseases, 
these articles should be submitted to pasteurization or other adequate form of heat 
treatment. 


BOTULISM 

Introductory 

Botulism (from Latin hotulus, a sausage), sometimes known as allantiasis, or 
ichthyosismus, is a disease that was first described in 1820 by the German poet 
and medical writer Justinus Kerner (Jordan 1917). The causative bacterium 
was isolated and described by van Ermengem in 1896 (1896, 1897). Following 
on a festive gathering of a music club at the village of Ellezelles in Belgium, several 
of the members were taken ill, and three of them died within a week. The disease 
was confined to those who had partaken of a certain piece of raw ham ; the other 
ham and the remainder of the animal had been previously consumed without 
causing trouble. The contaminated ham, which was paler and softer than normal 
and smelt rancid, had during the process of pickling been placed at the bottom 
of the vessel and had come into contact with the brine. When fed to cats it caused 
mydriasis, partial paresis, secretory disturbances, aphonia, and other symptoms. 
From it van Ermengem cultivated a strictly anaerobic organism, which secreted 
a powerful toxin, giving rise to the same symptoms in cats as those caused by the 
original ham. 

Since that date several outbreaks of botulism have been recorded, some in 
Germany, but more in America, where ‘of late years the disease has attracted 
general attention. In this country only four small outbreaks have been described. 
(See p. 1614.) 

Symptomatology and Pathology. 

The incubation period is generally under 24 hours after consumption of the 
affected food, but may be prolonged to 72 hours. Prominent among the symptoms 
are vomiting, constipation, ocular pareses, thirst, pharyngeal paralysis, the secretion 
of thick, viscid saliva, and sometimes aphonia. General consciousness and sensi- 
bility remain intact till near the end, which is preceded by coma or delirium. The 
temperature is generally subnormal — 96-98° F. Later in the illness it may rise 
owing to the onset of broncho-pneumonia (Dickson 1918). Death may occur 
within 24 hours from the time of onset, or may be delayed for a week. In cases 
that survive, complete recovery, particularly of the ocular movements, may not 
take place for 6 or 8 months. At autopsy the kidneys, liver, and meninges are 
congested. Histological examination of the organs may reveal the presence of 
thrombosis. 

How the toxin acts is still under dispute. Kempner and Pollack (1897), 
Marinesco, and several of the earlier workers found changes in the nerve cells 
of the brain and spinal cord of animals dying from botuUnum poisoning. The 
work of Dickson and Shevky (1923) and Cowdry and Nicholson (1924), on the 
other hand, suggests that the main effect of the t6xin is exerted on the peripheral 
nerve endings, possibly those of the autonomic system. More recent observations 
by Bishop and Bronfenbrenner (1936) point likewise to the myoneural junction 
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as the main point of attack, the toxin behaving like curare in paralysing the nerve 
endings. Contrary to the findings in tetanus, there appears to be no fixation of 
the toxin by the brain tissue (Coleman 1924). 

Bacteriology. 

Botulism is an intoxication, not an infection. The causative organism, Cl, 
botulinum, multiplies in the food before it is consumed, and produces a powerful 
soluble toxin, which on ingestion is absorbed by the mucosa of the stomach and 
part of the intestine, and gives rise to the characteristic disease. The potency 
of this toxin is such that the fatal dose for an adult man, calculated on the basis 
of animal experiments, might be as small as 1/100 mgm. or even less (Bengtson 
1924). The smallest lethal dose of the strongest tetanus toxin that has yet been 
prepared is about 25 times as great as this. Its ability to pass through the gastric 
mucosa unchanged distinguishes it from tetanus or diphtheria toxin, both of 
which are harmless when given by the mouth. This may be due partly to its 
resistance to acids ; in an alkaline medium, such as prevails throughout the greater 
part of the small intestine, it is unstable. Of the two main types of Cl, hotulinum 
that have been encountered in human botulism, Type A is much commoner than 
Type B ; thus in 23 outbreaks occurring in the United States, 19 were due to 
Type A, and only 4 to Type B (Editorial 1926). Two fatal cases due to Type B 
have been described in the United States, one following the consumption of German- 
canned sprats, the other of smoked Nova Scotia salmon (Hazen 1938). 

Though the disease is essentially an intoxication, evidence has been accumulating 
that under certain conditions the organism may multiply to a limited extent in the animal 
body. It is not necessary to examine this evidence in detail, but briefly it has been found 
(Edmondson et al. 19206, Orr 1920, 1922, Coleman and Meyer 1922, Graham and Eriksen 
1922, Coleman 1923, Hall and Davis 1923, Starin^and Dack 1925) that if spores, which 
have been freed of their toxm by repeated washing or by heating to 80° C. for half an hour, 
are injected subcutaneously into guinea-pigs in large doses — 500 million or so — or are given 
by the mouth in still larger doses — about 2,000 million — they may give rise to fatal disease ; 
from the spleen, liver, kidneys, or mesenteric glands the bacilli may be recovered in pure 
culture after death. The experiments on which these findings are based are not very 
convincing ; doubtless after such massive doses the spores are disseminated throughout 
the body. But it is doubtful whether germination of the spores occurs or whether the 
resultant bacilli multiply and form toxin. Since it is extremely difficult to free spores 
completely* from all traces of toxin, especially by washing, and since very small 
quantities are required to kill a guinea-pig — 1/10,000 mgm. or leas — it is not surprising 
that some animals injected with so-called toxin-free spores suceumb to the disease. 

Even if it is possible experimentally to reproduce a true infection with CL 
hotulinum, there is no evidence that under natural conditions the disease in man 
is other than a pure intoxication. In this view the majority of authors strongly 
concur (van Ermengem 1897, Homer 1900, Armstrong et al, 1919, Burke et al, 
1921, Geiger et al, 1922). 

A disease closely simulating botulism in man can be reproduced by the experi- 
' mental inoculation or feeding of cats, monkeys, and certain other animals with toxic 
material (see Chapter 36). 

Epidemiology. 

Botulism is due to the consumption of food in which Cl. hotulinum has been 
growing. It occurs therefore in sporadic outbreaks limited to those who have 
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partaken of tke contaminated food. Since the disease is an intoxication, not an 
infection, secondary cases do not occur, but it is common for cats, dogs, and especi- 
ally chickens that are fed on the remnants of the food to develop symptoms of 
poisoning. 

Botulism is not a common disease. From 1899 to 1925, 146 outbreaks were 
reported in the U.S.A. and Canada, afiecting 504 persons ; of these 337 died — a 
case mortality of 67 per cent. (Editorial 1926). Bacteriological evidence of the 
nature of the disease was available in 53 of these outbreaks. These figures probably 
underestimate the incidence of the disease ; at any rate it appears to have become 
commoner during the last few years when greater attention has been focussed 
upon it. During the 8 years 1918-25 in the U.S.A. there were about 13 outbreaks 
per annum. 

In Germany 24 outbreaks of suspected botulism were reported between 1907 
and 1923, but in only one of these was CL botuUnum isolated. In the British Isles 
only 4 outbreaks have been recorded, the largest of which occurred in 1922 at Loch 
Maree in Scotland, when 8 persons were attacked after eating potted duck paste ; ^all 
the patients died within a week. CL hotulinum Type A was cultivated from the 
remnants of the paste (Leighton 1923). The remaining three were in London. 
Two (Templeton 1935, Lane and Jones-Davies 1935), of which one was shown 
to be due to Type A, followed the consumption of vegetarian nut brawn. The 
third (Aitken, Barling and Miles 1936), which was due to Type B, occurred after 
eating a home-made meat pie. In America the disease is commoner during the 
winter months — the season of preserved food consumption. 

Morbidity and Mortality Rate. — In any outbreak the morbidity rate is high. 
As a rule all who partake of the contaminated food develop the disease. The 
mortality rate varies in difierent outbreaks. In Germany it is said to be not more 
than 25 per cent. (Mayer 1913), but in America it is 60-70 per cent. (Burke et aL 
1921). The earlier the symptoms appear, the higher is the mortality rate; of 
those that develop symptoms in 24 hours 84 per cent, die ; of those that develop 
symptoms in 72 hours 55 per cent, die ; and of those that are alive after the 8th 
day 20 per cent, die (Burke et aL 1921). 

Type of Food. — Nearly all the reported outbreaks of botulism have been caused 
by food that has been smoked, pickled, or canned, allowed to stand for a time, 
and eaten before cooking, or after inadequate cooking (Jordan 1917). . No cases 
have yet followed the consumption of fresh food, cooked or uncooked. In several 
instances those who have consumed the afiected food after cooking have escaped, 
whereas those who have consumed it prior to cooking have been attacked (Geiger 
et aL 1922). There is a difierenc^ between Europe and America in the type of 
food responsible for poisoning. In Europe most cases have been dqe to sausages, 
ham, preserved meats, game pat4s, potted goose ‘ or duck, and brawn ; a few, 
especially in Russia, have been ascribed to salted fi.ah, such as salmon and sturgeon 
(van Ermengem 1897, Nitta 1919). In America, on the other hand, the contamin- 
ated foods have generally been canned fruits and vegetables, such as olives (Arm- 
strong et aL 1919, Edmondson et aL 1920a), string beans (Geiger et al, 1922, Geiger 
1924, Strieker and Geiger 1924), corn (Geiger et al. 1922, Geiger 1924), spinach 
(Geiger 1920), and peas (Editorial 1926). A few have been due to cooked meat or 
fish (Editorial 1926), and some to cheese (Nevin 1921). Home-canned string beans 
alone accounted for 19 out of 55 outbreaks in America (Editorial 1926). 

In the majority of instances, the preserved foods have been noticeably spoiled. 



MODE OF INFECTION OF THE FOOD 


1615 


The cans are often blown and show numerous gas bubbles on opening ; the solid 
part of the food has a mushy or disintegrated appearance, and smells like rancid 
butter or cheese (Burke 1919c). In the case of ham the flesh is often paler and 
softer than normal, and has a rancid odour (van Ermengem 1897, Savage and White 
19256). The food, however, may be well preserved. 

Mode of Infection of the Food and Distribution of CL botulinum in Nature. 

The most extensive investigations on the distribution oiCl.hoiulinummnd^lme 
have been conducted by Meyer and his colleagues in America. It is abundantly 
clear that the organism is a normal inhabitant of the surface layers of the soil, 
from which it may obtain access to vegetables, fruits, hay, silage, and other culti- 
vated produce. It may be transported by insects, and it may be eaten by horses, 
cattle, and other animals. In America it is common in the soils of the Western 
States of the Cordilleran system. It is less frequent in the Atlantic States, and is 
relatively rare in the Mid^e States, the Great Plains, and the Mississippi valley. 

TABLE 150. 


Distributiok of Gl. botulinum ix different Types of Soils m all States of America, 

WITH THE EXCEPTIOK OF CaILFORNIA AND VIRGINIA. 

Modified from Meyer and I)ubovsl£y( 19226). 



► Specimens 
Examined. 

Toxic 

Cultures. 

Weak 

Toxin. 

Type A. 

Type B. 

Types A 
and B. 

Virgin soil 

335 

105 

22 

59 

22 

2 

Cultivated soils .... 

274 

47 

13 

18 

16 



Garden soils 

Soil and manure from ani- 

142 

41 

12 

23 

6 

— 

mal corrals and yards 

161 

20 

9 

6 

5 

— 

Pasture 

51 

19 

6 

3 

11 

— 


Tables 150 and 151, taken from Meyer and Dubovsky (19226), illustrate the fre- 
quency with which it is encountered in different types of soils, and in vegetables 
and fodder. 

In a similar study made of the soil and vegetable produce in California, 624 samples 
were examined ; 206 yielded toxic cultures (Meyer and Dubovsky 1922a). Taking together 
the figures for the U.S.A. including California, Meyer and Dubovsky found that 581 of 

TABLE 151. 

Distribution of Cl botulinum in different Vegetables and Podder in all States of 
America, with the exception of California and Virginia. 

Modified from Meyer and Dubovsky (19226). 



Total No. 
Examined. 

Positive 

Cultures. 

Percentage of 
Positive Cultures. 

Mouldy hay 

44 

7 

16-^ 

String beans, pods and stalks .... 

44 

14 

31-8 

Decayed vegetation 

29 

6 

20-6 

Ensilage 

15 

3 

20*0 

Corn busies, leaves and stalks .... 

80 

6 

7*6 

Beets, roots and tops 

37 

6 

16*2 

Tomato plant and roots 

24 

2 

8*3 





1616 


BOTULISM 


2,162 samples examined showed the presence of Gl. hotulinum, i.e. 26’8 per cent. Three 
hundred and ninety-five strains were typed ; 250 or 63-3 per cent, were Type A, 13S or 
34-9 per cent, were Type B, and 7 or T8 per cent, were mixed A and B. 

From Table 150 it will be noticed that CL hotulinum was commoner in virgin soils 
and pasture than in cultivated soils and manure. This has been held to indicate that 
the organism is a natural inhabitant of the soil and not merely a contaminant derived 
from animal feces. Indeed the older view that the organism is a natural inhabitant of 
the intestine of animals, and is spread by their feces, must be abandoned. 

Meyer and Dubovsky (1922c) likewise examined specimens of soil from Belgium, 
Denmark, the Netherlands, England, and Switzerland. GL hotulinum Type B was demon- 
strated in a variable proportion of soils from the different countries, but in not a single 
instance was Type A found. From this country 64 specimens were examined, and 9 of 
them yielded toxic cultures ; the counties furnishing the positive results were Durham, 
Derbyshire, Middlesex, Hereford and Sussex, thus indicating a widespread distribution 
of the organism. In Scotland, Leighton and Buxton (1928), in an examination of 100 
samples of soil, encountered Gl. hotulinum four times ; two of the cultures belonged to 
Type A, one to Type B, while the remaining one contained both Types A and B. Haines 
(1942), who examined 106 samples of soil from different parts of England — mainly the 
south-east — isolated Cl. hotulinum with certainty from 5 per cent. Of the 5 strains, 
4 came from grassland ; 4 were Type A and 1 Type B. Both types of Gl. hotulinum 
have been demonstrated in the soils of Canada, China, and at least one of the Pacific 
Islands (Dubovsky and Meyer 19226, Schoenholz and Meyer 1922). 

Meyer and Dubovsky’ s results have not as yet received general confirmation ; 
some of their conclusions may have to be modified (Geiger and Benson 1923, Bach- 
mann and Haynes 1924), and more work must be carried out before the relation- 
ship of the two types to environmental conditions can be definitely determined. 

GL hotulinum is present -occasionally in the faeces of animals such as pigs, 
cattle, and horses (Burke 1919a, Tanner and Back 1922, Easton and Meyer 
1924), which feed on soil produce, but there is no evidence that it is a natural 
intestinal inhabitant. It is rarely present in the faeces of healthy human beings ; 
Easton and Moyer (1924) failed to find it in 88 specimens examined, even though 
it was known that the spores were being ingested on raw fruits and vegetables 
used as food. Kahn (1924) likewise obtained negative results when examining 
the anaerobic flora of the stools of 72 persons. 

Factors inffuencing the Development of CL hotulinum in Canned Foods. — It 
is difficult to understand why, with such a wide distribution of CL hotulinum in 
the soil and on fruits and vegetables, botulism itself is so uncommon. The 
organism is unable to grow in the animal body and give rise to infection ; fresh 
foods, cooked or uncooked, may therefore be eaten with impunity. For botulism 
to result, the organism must multiply and form its toxin in the food before con- 
sumption. But even so one would expect the incidence of the disease from canned 
foods to be far greater than it is. We know that the spores of CL hotulinum may 
withstand boiling for from half an hour to 22 hours (Bigelow and Esty 1920, 
Weiss 1921, Esty and Meyer 1922, Tanner and Twohey 1926), and a temperature 
of 120° C. for as long as 20 rpinutes. In the Loch Maree outbreak the potted duck 
paste had been heated during the process of manufacture at three different stages, 
the temperature in one stage approximating to 115° C. for 2 hours. Heat alone is 
therefore not sufficient to explain why the majority of canned foods are innocuous. 
Other factors must be concerned. 

The hydrogen-ion concentration of the food has an important bearing on the efficacy 
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of sterilization. Esty and Meyer (1922) found that at pH 7*0 the spores were destroyed 
in 330 minutes at 100° C. ; at pH 5-05 in 45 minutes, and at pH 3-7 in 10 minutes. The 
higher the hydrogen-ion concentration, the shorter is the time required for destruction 
(Bigelow and Esty 1920, Weiss 1921). The presence of sodium chloride in the food lowers 
the thermal resistance, which decreases with increasing concentration of the salt (Weiss 
1921). The smaller the number of spores in the food the shorter is the time necessary to 
kill them (Bigelow and Esty 1920). Spores from young cultures are said to be more resistant 
to heat than those from old (Weiss 1921, Esty and Meyer 1922, Tanner and Back 1922). 
These are some of the factors influencing the sterilization of the food. 

It has also been found that spores of Cl, botullnum may remain dormant for days, 
weeks or months before germinating (Bickson et al. 1925). The type of food influences 
the development of the bacilli ; string beans, spinach, corn, peas, and salmon appear 
to be specially favourable for growth ; acid fruits and vegetables are less so (Koser et al, 
1921, Geiger and Benson 1923, Schoenholz et al. 1923, Bachmann 1924). Below pH 4*5 
germination is inhibited in most fruits. Such products can safely be processed in boiling 
water, whereas above pH 4*5 the processing must be suflicient to destroy even the most 
resistant spores (Esty 1935). Bissolved tin, such as results from the use of unlacquered 
cans, is said to inhibit growth (Scott and Stewart 1944). The presence of other organisms, 
such as Cl, sporogenes, apparently interferes with development (Jordan and Back 1924). 
Finally, not all strains of Cl. botulinum form toxin (Bengtson 19226) though the majority 
appear to do so (Starin 1924). 

It is probable that a large number of factors determine the survival, germination, 
multiplication, and toxin production of Cl. botulinum in canned food. Unless 
these factors are favourably combined the food remains innocuous. The most 
important of these appear to be (1) the presence of spores in suitable numbers, 
(2) insufiGlcient heating, (3) anaerobic conditions, (4) too slow cooking, (5) the use 
of the food without final cooking. The records make it clear that the danger from 
home-canned food is far greater than from that which is commercially prepared. 

Given very favourable conditions, Cl. botulinum may produce detectable toxin 
within 12 hours, but usually it takes 2-14 days, depending on the temperature 
of storage of the food and other factors. According to Tanner and Oglesby (1936), 
and Tanner, Beamer and Eickher (1940), little or no growth occurs below 10° C., 
but food stored above this temperature may become dangerous fairly rapidly. 

Diagnosis. 

The symptoms of botulism in man are generally so characteristic as to render 
the disease capable of being diagnosed on clinical grounds. To confirm this diagnosis 
the following procedure should be adopted. 

A. Demonstration of Botulinum Toxin in the Suspected Food. — ^For rapid 
diagnosis the food is suspended in saline, and injected intraperitoneally into three 
mice. A few hours before the injection, one mouse is given subcutaneously a small 
dose of antitoxin Type A and another Type B. Alternatively the food suspension 
may be added to the antitoxin, and the mixture injected subcutaneously. If the 
control mouse and one of the protected mice die, it may be provisionally concluded 
that botulinum toxin was present in the food, corresponding to the type of antitoxin 
which was given to the surviving mouse. 

Meanwhile the food should be seeded into 2 per cent, glucose broth, Hitchens* 
medium (0*2 per cent, dextrose infusion broth containing 0-1 per cent, agar), beef 
heart peptic igest liver broth, peptonized buUock’s heart broth (de Lavergne and 
Abel 1925), or cooked meat medium, and incubated anaerobically for 10 days at 
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35° C. Tlie culture is then filtered, and tlie filtrate tested by intraperitoneal 
injection of mice or subcutaneous injection of guinea-pigs ; antiserum Type A and 
B should be administered to two of the animals in order to determine the type of 
toxin present. 

B. Isolation of the Bacillus from the Food.—BmQ cultures may be obtained 
by heating broth cultures to 80° 0. for half an hour to destroy contaminating non- 
sporing bacilli, and seeding into deep agar cultures, which are incubated anaerobic- 
ally, preferably in the presence of added COg. The characteristic colonies should 
be picked off, grown in liquid medium, and tested for toxin production (Burke 
19196). Single colonies may likewise be obtained by plating the broth culture, 
after heating, on 5 per cent, horse blood extract agar plates incubated anaerobically 
(Wheeler and Humphreys 1924). 

(7. Demonstration of Botulinum Toxin in the Blood and Tissues . — Toxin may 
occasionally be demonstrated in the circulating blood during life. Schneider and 
Fisk (1939) report one successful instance in a case that later proved fatal, though 
they were unsuccessful in 3 non-fatal cases. The same authors succeeded in 
demonstrating the presence of toxin in the liver of 3 fatal cases at autopsy. 

D. Isolation of Cl. hotulinum from the Patient's Fceces or Vomit . — It is worth 
while attempting to culture the organism from the patient’s faeces or vomit ; the 
same method should be employed as for culturing it from food. Wheeler and 
Humphreys (1924) obtained pure cultures from the faeces of a woman on the 6th 
day of disease. Positive results have also been reported on faeces taken from the 
6th to the 12th day of the disease (Dubovsky and Meyer 1922a). 

E. Isolation of Cl. hotulinum from the Intestinal Contents and Viscera at 
Autopsy. — Cl. hotulinum does not usually invade the body, but it may occasionally 
be isolated from the liver (Dubovsky and Meyer 1922a) or spleen (Strieker and 
Geiger 1924). 

F. Other Methods of Examination . — ^In patients that recover, antitoxin cor- 
responding to the type of the organism concerned may sometimes be demonstrated 
in the serum. Thus Strieker and Geiger (1924) found antitoxin present in the 
serum of two patients on the 14th day after the consumption of the affected food ; 
0*25 ml. of the serum protected mice against 15,000 M.L.D. of Type A toxin, but 
not against Type B toxin. 

Prophylaxis. 

Sufficient information is now available about the conditions governing the 
destruction of Cl. hotulinum in commercially canned foods to enable processing 
to be carried out satisfactorily. No outbreaks of botulism have, in fact, been 
caused since 1925 by foods preserved in American canning factories (Tanner, 
Beamer and Eickher 1940). Home-canning, on the other hand, is generally 
acknowledged to be fraught with danger, since the temperature attained in heating 
is as a rule too low to destroy the spores. Even fractional sterilization, which 
is possible in the home, is unreliable, because the spores may not develop in the 
meantime (Burke 1919c). In most outbreaks the food has been abnormal in 
appearance and odour. Bulging of the tin, the presence of gas bubbles on opening, 
a disintegrated appearance of the food, and a rancid smell, should be sufficient 
to condemn the food. On no account should such food be eaten, even after cooking 
(Tanner and Twohey 1926). But in some toxin-containing cans no evidence of 
spoiling is detectable (Schoenholz el al. 1923). 
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Prevention of botulism due to the consumption of made-up meat foods is 
particularly difficult. Van Ermengem (1897) lays emphasis on the necessity in 
pickling hams of using strong brine, which is unfavourable to the development of 
the organism. 

In handling suspected food care should be taken not to allow it to come in 
contact with cuts ; Geiger (1924) states that the toxin may be absorbed from 
broken skin areas, mucous surfaces, and fresh wounds. 

Treatment. 

The toxins produced by Types A and B of CL botuJmum are antigenically 
distinct. Antitoxic sera can be prepared by the injection of rabbits (Kevin 1921), 
goats (Kempner 1897, Eorssman 1905) and horses (Leuchs 1910) with each type of 
toxin. The antitoxin neutralizes the toxin according to the law of multiple pro- 
portions (Kempner 1897). Its therapeutic properties are limited. Injected be- 
fore or simultaneously with the toxin it is protective for guinea-pigs and mice. 
Kempner (1897) found that 300,000 neutralizing doses, given 24 hours after the 
injection of the toxin, saved the life of a guinea-pig. Similar results were obtained 
by Kempner and Pollack (1897). Toxin-antitoxin mixtures given by the mouth 
are said to be dissociated in the stomach (Leuchs 1910). Ko international standard 
has yet been laid down for the antitoxin, but the intravenous inoculation of mice 
with toxin- antitoxin mixtures appears to be a promising method of titration 
(Glotowa and Dankerowitz 1935). 

In the treatment of human cases antiserum has not yet been proved to be 
eiSective. Some favourable results have, however, been reported (McCasky 1919, 
Geiger 1920). Large doses, 50 ml. or more, of polyvalent serum, or of monotypical 
serum if the type of the intoxicating organism is known, should be given intra- 
venously every day till the patient recovers, or all hope is abandoned. A pro- 
phylactic dose of 10 ml. should be given intramuscularly to all who have partaken 
of the poisonous food, and who have not yet developed symptoms of the disease. 
The antitoxin unit in the U.S.A. is that amount which prevents death within 4 
days of guinea-pigs weighing 250 gm. injected with 1,000 M.L.D. of toxin. 

Burke, Elder and Pischel (1921) state that liquid soap neutralizes the toxin, 
and that olive oil prevents its absorption from the gut. They advise therefore 
the use of high enemas of soap and olive oil. Iodine and potassium permanganate 
are both able to destroy the toxin in vitro, ahd might reasonably be given by the 
mouth: Alcohol precipitates the toxin (Armstrong et al. 1919) ; and it is possible 
that frequent small doses of brandy might prove beneficial. Mutch (1937) draws 
attention to the value of medicinal kaolin in the treatment of food poisoning on 
account of its ability to adsorb toxin. It is doubtful, however, whether any of 
these methods is likely to be of value in practice, since sufficient toxin will already 
have beeh absorbed by the time treatment is begun. 

Botulism iu Animals 

Of recent years considerable attention has been devoted to a study of diseases of 
domestic animals characterized as a rule by fairly sudden onset, paralytic symptoms 
and often death. In many instances it has been possible to demonstrate a relation- 
ship between the type of fodder used and the occurrence of the outbreak. Organisms 
of the hotulinum type have frequently been isolated from the animals and from the 
fodder, and the toxin produced in culture has been shown to be capable of reproduc- 
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ing tile symptoms of tlie disease wlieii given by the mouth or inoculated subcutane- 
ously. The complete chain of evidence necessary to incriminate these organisms in 
the causation of the disease has often been lacking, but there seems to be little 
question that in many outbreaks the diagnosis of botulism has been essentially 
correct. 

Great confusion exists about the exact identity of the various organisms isolated. 
Because some of them differ in their toxin production from the classical CL hotu^ 
linu'm A or B types, the names Cl. parabotulinum, Cl. parahotulinum bovis, or 
CL pambotulvnum equi have been suggested, and the disease caused by them has 
been termed parabotulism. This is not the place to discuss bacteriological nomen- 
clature, but we are in entire agreement with Weinberg and Ginsbourg (1927) that 
for the moment these organisms should be regarded as varieties of CL botulinum 
and referred to as CL botulinum Type C, D, or E. Their relationship to each other 
and to the two classical types is very uncertain, and apart from slight differences 
in the nature of the toxin produced, there seems to be nothing that would justify 
their elevation to specific rank. Moreover, since some of the recorded outbreaks 
have been traced to toxin produced by the classical A or B types, and others in 
the same species of animal to toxin of the C, D, or E types, there seems to be no 
justification in referring to the former group as instances of botulism and to the 
latter as instances of parabotulism. 

A complete study of the immunological behaviour of the toxins produced by these 
various organisms has not yet been made. The limited information available 
seems to show that the toxin of Types A and B is lethal, when given per os, to 
monkeys, ducks, horses, and laboratory animals, but probably not to goats. Type 
Ca is toxic by the mouth to ducks, slightly so to laboratory animals, but non-toxic 
to monkeys and goats. Type is toxic by the mouth to monkeys, goats, ducks, 
and slightly so to laboratory animals. Type D is toxic by the mouth to goats, 
horses, and slightly so to laboratory animals, but not to monkeys. Type E is toxic 
by the mouth to horses. Both Types D and E seem to be very closely related to 
Type C (see Theiler et al. 1926-1927, Thcilcr 1928, Kobinson 1929a, 6, Gunnison 
and Meyer 1930, Gunnison and Coleman 1932). 

Forage Poisoning in Horses. — Forage poisoning is a very common disease in 
America, affecting several thousand horses annually ; numerous cases have been 
recorded in Europe and in Egypt. Buckley and Shippen in 1917 observed that 
experimentally induced botulism in horses closely simulated naturally occurring 
forage poisoning. From toxic oat-hay and ensilage they isolated a bacillus resem- 
bhng CL botulinum ; experimental intoxication with this organism could be pre- 
vented by the administration of anti-botulinum serum. Graham and Brueckner 
(1919) isolated an organism like CL botulinum from a corn ensilage that had been 
responsible for an outbreak of forage poisoning. Horses fed with 2 mb of a broth 
culture of this organism manifested clinical symptoms of forage poisoning — difficulty 
in mastication, ptyalism, muscular weakness, pharyngeal paresis, recumbency, 
dyspnoea, protruding and pendulous tongue, mucous discharge from the nostrils, 
marasmus and enuresis — and died in a week. At necropsy, lesions similar to some 
of the gross lesions occurring in forage poisoning were observed. Horses given a 
prophylactic dose of botulinum antiserum on the previous day recovered. On the 
other hand, Gaiger (1924) in this country has found that horses are comparatively 
insusceptible to CL botulinum, whether the culture is given by mouth or inoculated 
into the tissues. In view of the widespread distribution of Cl. botulinum, it is 
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obviously insufficient to demonstrate its presence in tbe fodder, or in the intestinal 
canal of the animal ; it must he shown that the contents of the intestine arc definitely 
toxic. 

In South Africa Theiler ( 1928) made some interesting observations on forage poisoning 
in mules. Circumstances surrounding the death of two mules in the same manger sug- 
gested that the food had become contaminated. Examination revealed the presence of 
a semi-decomposed rat in the hay, and bacteriological investigation left no doubt that 
the carcass of the animal contained hotulinum toxin which had contaminated the hay. 
The part played by rats in the spread of botulism in horses and cattle is dealt with by 
Theiler and Robinson (1927) and Robinson (1929a). The organism isolated in South 
Africa is referred to as the E type, but it is closely related to the type of America and 
Australia. 

Forage poisoning is a wide term covering a number of different conditions, and 
it is not to be thought that it is uniformly due to poisoning with the toxin of Gl. hotu- 
linum. According to Walker (1929), the grass disease of this country is almost 
certainly different from botulism, while according to Gordon (1934) a disease in 
some respects resembling grass sickness may result from intoxication with products 
of Cl. welchii (see Chapter 36). 

Botulism in Cattle and Sheep. — ^Forage poisoning in cattle is commonest between 
the ages of 6 months and 2 years ; the mortality is 2-10 per cent. (Graham and 
Schwarze 19216). From a corn silage that was shown to have been responsible 
for an outbreak in cattle on two different occasions, Graham and Schwarze (19216) 
isolated Cl. hotulinum Type B. Whether the organism had any causal relationship 
to the poisoning was not definitely ascertained. 

Dubovsky and Meyer (1922a) isolated Cl. hotulinum from the liver and 
mesenteric glands of two cows suffering from ictero-haemoglobinuria. In Australia 
Seddon (1922) has investigated an epizootic disease of cattle known by the names 
of Midland cattle disease, impaction paralysis, or dry bible ; this disease appears 
to be identical with the lamziehte of South Africa. From animals dying of the 
disease he isolated an organism, which he called B. parahotulinus ; this organism is 
now referred to as the type of CL hotulinum. Experimentally its toxin gave rise 
to bulbar paralysis in cattle. 

Our knowledge of botulism in cattle has been extended by Theiler and his 
colleagues (1926-27) working on lamziekte in South Africa. This disease, which is 
characterized by paresis and paralysis, principally of the locomotor system, but 
sometimes of the muscles of mastication and deglutition, occurs in areas where the 
phosphorus content of the soil, and hence of the pasturage, is deficient. According 
to Theiler, the affected animals have a craving for phosphorus. This they endeavour 
to satisfy by eating the debris of carcasses, especially bones, which they find on the 
veld. Some of these carcasses, or the remains of muscle around the bones, happen 
to be infected with Cl. hotulinum, and if sufficient toxin has been produced by the 
multiplication of this organism, the animals are liable to develop the characteristic 
symptoms of lamziekte (see also Seddon 1927). The disease can be prevented by 
feeding bone-meal to the animals ; this satisfies their craving for phosphorus, and 
so prevents their indulging in the so-called practice of ‘‘ osteophagia.’’ The infect- 
ing organism appears to be mainly of the D type, but, as already noted, it is closely 
related to the type found in Australia by Seddon. According to Scheuber (1929), 
it is found in the soil near decomposing carcasses, and often in the intestinal contents 
of both sick and healthy animals. 
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Bennetts and Hall (1938) find that botulism of cattle and sheep in Western 
Australia results largely from the eating of carrion containing the toxin of Type C. 
Experimentally, they were able to show that as little as 3-5 gm. of toxic rabbit 
carrion might prove fatal to sheep. The length of time that carrion remains 
toxic varies with the rainfall and other factors, but sometimes it may be as long 
as six months. Vaccination with two doses of alum-precipitated hotulinum toxoid 
at an interval of not less than two months conferred on both cattle and sheep 
a high degree of immunity. 

Limberneck in Chickens and Duck Disease. — In 1918 Dickson made the follow- 
ing statement : “In the series of outbreaks (of botulism) which I have investigated 
it has been the rule to find that varying numbers of chickens have died from 
limberneck.” This disease is characterized by weakness, muscular incoordina- 
tion, a drooping neck, anorexia, prostration, and coma. Death frequently follows. 
Geiger, Dickson and Meyer, writing in 1922, were able to collect records in the U.S.A. 
of 103 outbreaks since 1910 with 3,500 deaths. Evidence that limberneck is an 
avian type of botulism is rapidly accumulating. 

The toxin of CL hotulinum has been demonstrated in the crop and intestinal 
contents of fowls dying of the disease (Graham and Schwarze 1921a, Graham and 
Boughton 1923a, Geiger et aL 1922). Experimentally it has been found that the 
feeding of toxic material gives rise to symptoms of limberneck (Dickson 1918). 
The disease has frequently followed the consumption of home-canned string beans 
(Meyer and Dubovsky 19226). Most of the outbreaks investigated have been 
due to Type A, but there is evidence that Type B may be toxic to chickens (Geiger 
• ei al. 1922). 

In 1920 Wilkins andDutcher concluded from their experiments that limberneck 
was a disease resulting from paralysis following the ingestion of fly larvae [Lucilia 
ccBsar). Two years later Bengtson (1922a, 1923) isolated from the larvse an 
organism similar in many respects to OL hotulinum^ which in large doses 
reproduced the symptoms of limberneck. This organism she called CL hotulinum 
Type C (1923). These findings were confirmed by Graham and Boughton 
(1923a, h). It would appear therefore that chickens may develop limberneck from 
ingestion of fly larvae containing CL hotulinum ; the evidence, however, is as yet 
insuf&cient to establish this conclusively. 

A disease of ducks has been reported in different parts of the world (see Gunnison 
and Coleman 1932) which appears to be a form of botulism. Several large out- 
breaks have occurred in Canada and the United States. CL hotulinum Type C 
has been isolated from the liver, and the corresponding toxin has been demon- 
strated in the bodies of ducks dying from this disease. Intoxication appears to 
be due to the consumption of food material in which the organisms have been 
multiplying, or to the ingestion of infected fly larvse. Quortrup and Holt (1941) 
and Quortrup and Sudheimer (1943) have made some interesting observations 
on the setiology of the disease. They find that CL hotulinum Type C can grow 
well and produce toxin in decaying vegetation in the duck marshes. Growth is 
favoured by the presence of Ps. ytyocyanea^ which uses up oxygen and reduces 
acidity, and is hindered by certain other organisms which produce acid fermentation 
or destroy the toxin (see Sherman, Stark and Stark 1927). Whether an epidemic 
occurs among the ducks or not in any given year depends upon the balance in 
Hature between the favouring and the inhibiting factors. 
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Sporadic cases of botulism, have been reported in a number of other animals and 
birds (see Kobinson 19296). Outbreaks of poisoning in cats, dogs, and goats bave 
followed the consumption of home-canned string beans (Geiger et al. 1922). Experi- 
mentally, Graham and Eriksen (1922) found dogs to be resistant to feeding with 
hotulinum toxin, but to be susceptible to Type A, not to Type B, toxin on sub- 
cutaneous injection. 
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CHAPTEE 7a 

PLAGUE, PASTEURELLOSIS, AND PSEUDOTUBEECULOSIS 

PLAGUE 

Introdxjctoby 

Plague lias been one of tbe greatest scourges of tbe hnman race. From time 
to time it has swept over the world in relentless waves, exacting a toll of life 
probably unequalled by that of any other epidemic disease. In the 5th and 6th 
chapters of the 1st Book of Samuel there is an unmistakable account of bubonic 
plague. Before the Christian era 41 epidemics are on record ; during the 1,500 
years following the birth of Christ there are records of 109 epidemics, including 
the great plague of Justinian’s reign, and the Black Death of the fourteenth cen- 
tury. Between 1500 and 1720 there were 45 pandemics of plague (Editorial 
1925a). During the eighteenth and the nineteenth centuries it was comparatively 
quiescent, being confined almost entirely to endemic foci in various parts of Asia ; 
but at the close of the last century it sprang once more into activity. Starting 
in Hong-Kong in 1894, it invaded India, Japan, Asiatic Turkey, and European 
Russia in 1896 ; the following year it reached Madagascar and Mauritius. 
In 1899 Arabia, Persia, the Straits Settlements, Austria, Portugal, British South 
Africa, Egypt, the French Ivory Coast, Portuguese Africa, the Argentine, Brazil, 
Paraguay, and the Hawaiian Islands were affected. There was a small outbreak 
at Glasgow in 1900, and in the same' year the disease appeared at Sydney in 
Australia and at San Francisco, California. Undoubtedly the brunt of the disease 
was borne by India, where in the 20 years 1898-1918 more than 10 million 
deaths were recorded (White 1918-19). 

At the present time plague is spread widely but unevenly throughout the 
world. One of the most disturbing features is the progressive infection of rodents 
that is occurring in America, South Africa, and apparently certain other 
countries ; these animals form a reservoir for the conservation of the plague 
bacillus. 

The causative organism was isolated independently and almost simultaneously 
by Kitasato (1894) and by Yersin (1894), at Hong-Kong in 1894. Numerous 
workers, particularly Ogata (1897), Simond (1898), and Gauthier and Raybaud 
(1902, 1903) were responsible for showing that the disease is primarily one of rodents, 
and that it is spread to man by the agency of infected fleas. This conception 
was Oriticized by several workers (Nuttall 1898, Galli-Valerio 1900, 1903), but was 
definitively proved to be correct by the English Plague Commission (Report 1906). 

Epidemiology.. 

There are certain parts of the world from which plague never dies out ; these 
constitute permanent endemic foci, and serve as starting-points for epidemics. 
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The maintenance of infection in these areas depends on the rodent population. 
In the South-Western Himalayas it is the rats that are infected, in the Kirghiz 
Steppes it is the spermophiles, in Transbaikalia the tarbagans, in California the 
ground squirrels, and in South Africa the gerbilles. Periodically epidemics of 
plague break out amongst these rodents, exterminating a large proportion of 
them. For some time infection lies dormant, manifesting itself only by isolated 
deaths. Then later^ as the animals breerl and a fresh susceptible population 
arises, another wave occurs, leading again to decimation of the herd (Elton 
1925). 

Man is infected from these animals either directly or, more often, by the inter- 
mediation of fleas. Year by year, single cases of plague, or groups, occur, small 
in themselves but sufidcient to show that the disease is still smouldering. So 
long as these foci remain secluded they are of little importance ; but once com- 
munication is set up with the surrounding country, there is a danger that plague 
may take on epidemic spread. 

An epidemic starting in this way runs a characteristic course. In the pre- 
epidemic phase there are a few cases separated by considerable intervals of time. 
This is succeeded by the epidemic phase in which a rapid succession of cases occurs 
constituting the major portion of the outbreak. Finally there is a decline resem- 
bling the commencement, but not so long drawn out. Infection does not occur 
by direct contact with the sick; it spreads by contiguity from place to place, 
so that an increasing number of small foci are established. Often the infection 
seems to be localized to buildings, particularly grain stores, warehouses, or shops ; 
in these, many cases of plague are contracted by people who have no immediate 
relation to each other. Plague has a predilection for dirty, insanitary dwellings, 
and more particularly for their ground floors ; it attacks the lowest class of the 
population living under the worst conditions. 

Infection may also occur per saltum, A focus of plague suddenly appears 
several miles — sometimes hundreds of miles — ^from the primary focus, and serves 
in its turn as the centre from which infection may spread to the surrounding 
localities. The contiguous mode of spread is dependent on the gradual dis- 
semination of plague amongst the rats ; per saltum infection results either from 
the transportation of rats or rat fleas by railways, ships, or other means of com- 
munication, or by human beings infested with rat fleas. It is probably due to 
importation of plague from cities that villages are infected. G-reenwood (see 
Eeport 1911, p. 47) obtained evidence that villages situated near railways were 
more liable to plague than villages not so situated. 

Though bubonic plague has occurred in nearly every part of the globe, it is 
confined chiefly to the warmer latitudes (Robertson 1923). Extreme heat and 
dryness of the atmosphere are inimical to its spread ; thus in India it occurs 
during the colder months of the year, when the mean temperature is between 
50° F. and 85° F., and the air has a high relative humidity, or, as it is sometimes 
expressed, a low saturation deficiency. According to White (1918-19), humidity 
is the most important factor in the spread of plague in India ; the years of 
maximum mortality have been the years with a high mean relative humidity. 
This was particularly true of the Punjab and Northern India (White 1918-19). 

The case mortality of bubonic plague is about 60-90 per cent., of pneumonic 
plague 100 per cent. 

In Bombay the English Plague Commission (Report 1907, p. 724) determined 
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tliat prior to the annual outbreak of human plague there was an epidemic amongst 
the rats. First the rats belonging to the species Rattus norvegicus {3£us decu- 
manus) were affected. After an interval of about 10 days an epizootic appeared 
in the rats of the species Rattus rattus (Mus rattus) ; and after a further interval 
of 10 days the human epidemic broke out. From this they inferred that R. rattus 
was infected from R. norvegicus^ and subsequently conveyed the disease to man. 
It was further observed that plague persisted in R. norvegicus during the off- 
season — in Bombay from June to December — and flared up at the onset of the 
colder weather (Fig. 286, p. 1630). 

The transference of plague from rat to rat and from rat to man occurs almost 
exclusively by fleas. Chief amongst these are Xenopsylla cheopis and Ceratopliyllus 
fasciatus — the rat fleas. It has been shown that in the absence of their specific 
hosts, both of these types of flea will bite human beings. Plague is essentially a 
septicsemic disease ; towards the end of attack the bacilli are present in the 
blood in enormous numbers, and are readily imbibed by the fleas that infest the 
rat. When the animal dies, the fleas leave the corpse and wait for a suitable 
opportunity to attach themselves to a fresh host. Meanwhile the bacilh multiply 
in the proventriculus, often to such an extent as to block it completely, and pre- 
vent access of food to the stomach. A flea in this condition is hungry, and when 
it succeeds in finding a new host, attacks it with vigour. The act of sucking, 
however, only distends the already contaminated oesophagus, and on the cessation 
of the pumping act some of the blood is forced back into the wound (Bacot and 
Martin, see Report 1914). Sometimes a temporary passage is cleared through 
the mass of obstructing bacilli ; this fails, however, to restore the lost valvular 
function to the proventriculus ; it merely leaves a passage through which the 
blood can flow out of the stomach as freely as it enters. Hence after a full meal, 
blood extends from the posterior portion of the stomach to the anterior chamber 
of the pharyngeal pump. Such a flea is probably more dangerous than one whose 
proventriculus is completely blocked, since the contents of the stomach can be 
regurgitated into the wound with greater freedom (Report 19156). 

The length of time that a flea can remain infected depends on several factors, 
chief of which are temperature and humidity. In India fleas were found to harbour 
plague bacilli up to 47 days (Report 1915a), in Madagascar for several weeks 
(Girard 1936), and in the United States for as long as. 130 days (Eskey and Haas 
1940). Survival of the bacilli in the flea is favoured by a low temperature — 
about 50° F. — and a nearly saturated atmosphere ; adverse factors are a tem- 
perature over 80° F., or an even lower temperature with a dry atmosphere (Liston 
1924). But the time that fleas can remain infective is much shorter; most of 
them die in a day or two, and the limit of infectivity is probably about 7-14 
days. 

It has been suggested that the bacilli in the flea’s stomach may be attacked 
by the phagocytes in the rat’s blood which has been ingested ; when the tem- 
perature rises the phagocytes become more active. This may explain why a flea 
clears itself more quickly at a high than at a low temperature, and also why, if it 
is fed on healthy blood after being infected, it clears itself more quickly than when 
it is starved. The clearance is said to be still more rapid when the flea is fed 
on the blood of immunized animals (Report 1908, p. 260). It is possible that 
in this manner the increasing proportion of immune rats towards the close of an 
epidemic exercises an inhibitory effect on the spread of the disease. 
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Plague in Rats. 

In India the two species mentioned above are cbiefly responsible for tbe spread 
of plague. Rattus nowegicus is tbe large grey rat ; it lives in sewers, stables, 
and garbage. Rattus rattus is tbe black rat ; it is smaller and less fierce than tbe 
grey rat, and, living in bouses or tbeir immediate neighbourhood, it comes into 
closer contact with tbe human population. Tbe natural mode of infection of rats 
appears to be almost entirely by fleas. It is possible that animals may acquire 
tbe disease by devouring tbeir dead companions ; but considering that it is not 
easy to infect rats by feeding on plague material, and that tbe post-mortem appear- 
ances in rats dying naturally of plague are different from those of rats experi- 
mentally infected by feeding, it is doubtful whether this is more than a rare 
occurrence. 

In Bombay, of tbe dead rats examined during 1905-06, 22*2 per cent, of R. 
norvegicus, and 16-7 per cent, of R. rattus were infected with plague. Of tbe live 
rats tbe figures were 0*85 per cent, and 0*37 per cent, respectively. Thus plague 
was commoner in R, norvegicus than in R, rattus (Report 1907, p. 724). The 
susceptibility of tbe two species to experimental inoculation with plague was 
almost identical. In Sydney during 2| years ending December 31, 1904, 125,872 
rats and mice were caught and examined ; plague was identified in 0*37 per cent. 
(Thompson 1906). 

During tbe height of tbe epizootic tbe lesions are those of acute plague, but 
during and subsequent to tbe decline, a number of healthy rats ^re encountered 
with atypical lesions. One of tbe commonest of these is a large abscess in tbe 
spleen or liver, containing plague bacilli. Tbe rats, though infected, have evidently 
been able to withstand tbe attack. Swellengrebel and Hoesen (1915) in Java, 
and Bordas, Dubief and Tanon (1922) in France found a number of rats with 
atypical lesions containing plague bacilli of lowered virulence ; on passage through 
one or two guinea-pigs they became fully virulent again. Williams and Kemmerer 
(1923) in New Orleans confirmed tbe existence of latent 'plague in rats. It has 
also been found among other rodents in Russia and tbe United States. Whether 
these animals act as chronic carriers of the disease and are responsible for keeping 
alive the infection from one epizootic to the next is still an open question. Most 
workers are disposed to attribute more weight in this respect to the survival of 
plague bacilli in the flea rather than in its host (Girard 1936, Bskey and Haas 1940). 

Experimental Transmission of Plague in Rats. — It has been abundantly demon- 
strated by different workers that plague does not spread from rat to rat by con- 
tact in the absence of fleas. On the other hand infection spreads readily in the 
presence of fleas, even though the animals have no immediate contact with each 
other. Two experiments of the English Plague Commission will illustrate this. 

Expeeiment 1. — (Report 1910.) Bombay rats were inoculated with plague and 
mixed with normal rats in godowns. In one set of godowns fleas were excluded, but 
in the other set they were permitted to multiply. In the flea-free godowns none of the 
normal rats, which were in continuous contact with the infected rats, developed plague, 
whereas in the others infection spread rapidly (Table 162). 

The rats dying of plague in the flea godowns nearly all showed cervical buboes, in- 
dicating that the site of infection had been on the head or neck ; this is the situation on 
which the fleas chiefly congregate. 

Expeeiment 2. — (Report 1906, p. 421). This was a repetition of an experiment 
performed by Gauthier and Raybaud (1902, 1903). Two wire-mesh cages were employed. 
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TABLE 152 

EriEOT OF Eleas on the Mortality of Rats in Experimental Epidemics. 


i 

riea-free Godowns. 

Flea Godowns, 

Inoculated rats put in 

,, „ died of plague 

Normal rats put in 

„ „ died of plague 

Plague rats eaten 

Fleas present i 

84 

73 or 86-9% 

125 

0 

3 

None 

70 

63 or 90% 

125 

57 or 45-6% 

1 

About 24 per rat 


each standing in a shallow tray filled with dry earth or sand. The cages were enclosed 
in a single glass box, the roof of which was covered with fine muslin impervious to fleas 
(see Eig. 2871. Rats were introduced through the lids of the cages, and the lids themselves 
were covered with fine muslin. Into Cage X was placed a rat, inoculated with plague, 
together with 10 to 20 fleas. As soon as the rat was dead, a healthy rat was placed in 
Cage Y. The carcass of the first fht was allowed to remain in X for 8 to 12 hours after 
the animal’s death. During that time fleas transferred themselves to tlio new rat through 
the wire mesh of the cages. Immediate contact between the two rats was absolutely pre- 
vented. This experiment was repeated several times, and in 69 per cent, of instances in 
which healthy, presumably non-immune, rats were used, the rat in Cage Y contracted 
plague. 

r 



Fiq. 287. 

The wire-mesh employed was 3 mm. ; in the figure it is shown much larger, for the sake of 

clearness. 

Experiments were also carried oi^t on guinea-pigs (Report 1906, p. 421). A series 
of 6 godowns were specially constructed by the Commission. The walls were of brick 
and mortar, 9 inches thick ; the floors were of concrete on top of a high plinth. Each 
godown measured internally 7 ft. x 6 ft. Leading into the interior were double doors, 
lined with wire netting, between which was an inspection chamber. The essential difference 
in the structure of the godowns was in the roofs. JSTos. 1 and 2 were roofed with country 
tiles, placed in four layers on the top of wooden laths. On the inside of this roof there 
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was a wire netting on a wooden framework in Godown 2, and two layers of wire netting, 
10 inches apart, in No. 1. So that while rats could build their nests in the tiles of the 
roof, they were completely shut off from the interior of the godowns. Mangalore tiles were 
used for roofing Godowns 3 and 4 ; these do not afford so good a shelter for rats as country 
tiles ; a single layer of wire netting separated the tiles from the interior. Godowns & and 
6 were roofed with a single layer of corrugated iron fastened down with cement to the tops 
of the walls, so that no rats could nest at all. Godowns Nos. 1 and 3 had a small roof 
light ; the rest were in darkness (Fig. 288). 


Country Tiles Mangalore Tiles Corrugated Iron 



f Outer Doors 
Fig. 288. 

The doors opened into the left-hand side of each godown, not in the middle as indicated in the 

figure. 


By allowing 3 guinea-pigs to run about in each godown for 6 days, and making flea 
counts every day, it was ascertained that the number of fleas varied in each instance with 
' the accessibility of the roof to rats. Thus in No. 1, 54 fleas ; in No. 2, 228 ; in No. 3, 
40 ; and in No. 4, 70 fleas were caught in 6 days. In Nos. 5 and 6 fleas were few or absent. 
Incidentally this experiment brings out the importance of darkness in favouring infesta- 
tion by fleas. 

In these godowns a series of experimental epidemics was initiated amongst 
guinea-pigs, generally by introducing a number of animals experimentally infected 
witb plague and adding normal animals to them. For the detailed results, reference 
must be made to the Commission’s Feport (1906) ; the conclusions that were 
drawn from them were as follows : 

(1) Close contact of plague-infected with healthy animals, if fleas were excluded, 
f did not lead to the production of an epizootic. Since the godowns were never 

cleaned ont, close contact involved contact with faeces, urine, and discharges of 
infected animals, and the eating of contaminated food, 

(2) Close contact of the young with the infected animals failed to infect the 
former ; eveu the suclding of young animals by infected mothers proved ineffectual. 

(3) If fleas were present, then an epizootic broke out, the rate of progress 
being in direct proportion tp the ^number of fleas present. 

3h 
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(4) Iniection can take place without any contact with contaminated soil. 
Thus, in one experiment, guinea-pigs placed in wire cages 2 inches above the 
ground developed plague. » But when the cages were suspended 2 feet above the 
ground, none of them became ill, indicating that aerial infection does not occur. 

In another experiment 2 monkeys were placed in Godown No. 2, in which 3 guinea- 
pigs had recently died of plague. Each monkey was in a separate cage of the same pattern, 
the only difference being that one was surrounded by a layer of tanglefoot (an adhesive 
substance) 6 inches wide, while the other one was unprotected. (A rat flea cannot jump 
farther than about 6 inches.) The roof of each cage was impervious to fleas, and the 
bottom was of teak wood, which prevented contact of the animal with the ground. After 
two nights in the godown the monkeys were removed and segregated. Two fleas were 
caught on the unprotected monkey, and five fleas were found stuck on the tanglefoot. 
The unprotected monkey soon became ill, developing a bubo in the right axilla, which 
contained plague bacilli. The protected monkey remained well. 



Eig. 289. 

The outer large mesh wire netting, which has been omitted from one side of the outer cage, 
was to prevent the tanglefoot from being destroyed, and to prevent rats from coming into 
close contact with the guinea-pig. The tanglefoot prevented the access of fleas to the 
iimer cage ; the sand did not. 

Equally suggestive were the experiments in the plague houses of Bombay. Guinea- 
pigs were allowed to run about in these houses to act as traps for fleas ; the usual number 
of fleas — mostly rat fleas — caught in this way was about 20 per room. In 29 per cent, of 
instances guinea-pigs left in these rooms for from 18 to 40 hours contracted plague. The 
situation of the bubo was usually in the cervical region — explicable by the habit that 
fleas have of collecting round the under surface of the neck. 

In other experiments guinea-pigs were placed in cages, of the pattern shown in Eig. 
289. One of the cages was surrounded by a 6-inch boundary of tanglefoot; the other 
by a layer of sand. When left in plague-infected houses, 24 per cent, of the animals in 
the unprotected cages developed plague whereas not one of the animals in the protected 
cages did so. 

Mode of Spread of Plague in Bombay. — The conclusions drawn from these 
experiments receive support from epidemiological observations in the field. Plague 
in man predominates amongst the lowest classes, particularly tjhose in dirty an;d 



MODE OF SPREAD OF PLAGUE IN BOMBAY 


1635 


insanitary dwellings, wliere rats and fleas are numerous. The higher classes, such 
as the Parsees and the Europeans, suffer very slightly. The presence of an initial 
bubo renders it highly probable that infection occurs by the skin, and the pre- 
dominant selection of the inguinal region for the development of the bubo sug- 
gests that the bacilli gain entrance through the skin of the leg In confirmation 
of this it has been noted by several observers that in about 5 per cent, of cases 
the first sign of plague is a small vesicle, surrounded by an area of redness 
(Simond 1898). This is found generally on the leg, and is undoubtedly due to 
the bite of a flea. Living plague bacilli are said to be uniformly present in these 
vesicles. 

Though rats in Bombay breed throughout the year, both R. rattus and R, 
normgims breed most freely from June to October. The largest proportion 
of young rats in relation to the total population is reached in November and 
December. 

Kat fleas are most prevalent during the months of February, March, April, 
and May. The infestation of R. norvegicus is more than double that of R, rattus. 
Thus the number of fleas per rat during these months is about 5 for R. rattus and 
12 for R. norvegicus. In. this connection it will be remembered that plague is 
commoner in R. norvegicus than in R. rattus. The epidemic season for rats and 
man lasts from January or February till April or May, the maximum prevalence 
being either in March or April. The sequence of events would appear to be as 
follows. During the hot season the rats breed freely, and a large susceptible 
population is produced. As the colder weather arrives, the fleas increase in 
numbers, and plague breaks out in R. norvegwus. This is rapidly followed by an 
epizootic in R. rattus, and this in its turn by the human epidemic. At the onset 
of the hot weather in May or June the flea population decreases rapidly, and 
plague in rats and man comes to an end for the year. The subsidence of the 
epidemic is accounted for partly by the increasing proportion of immune rats, 
and partly by the decrease in the number of fleas. With regard to the former 
it was found by the English Commission that Bombay rats captured towards the 
end of the epizootic were more resistant to experimental inoculation with Past, 
pestis than those at the beginning. Whether the rats that had survived the 
epizootic were more resistant ab initio, or had acquired immunity during the 
progress of the epizootic, it was impossible to say. 

During the off-season sporadic plague occurs in rats, particularly R. norvegicus, 
and in man ; but the conditions are obviously unsuitable for its spread on any 
but a small scale. 

We have dealt at some length with the conditions prevailing in Bombay, 
because they have been investigated so thoroughly. In other parts of India much 
the same sequence of events has been observed, with, however, variations dependent 
on climatic and other factors. It is curious that 75 per cent, of the plague cases 
in India are distributed over the Punjab, the Bombay Presidency, and the United 
Provinces, when it is remembered that these areas contain less than a third of 
the total human population (Low 1920). This anomaly is explicable largely by 
the favourable climatic conditions existing in these areas for multiplication of 
fleas. Where these conditions are unsuitable, plague either docs not occur or 
nlns a diminutive course. Madras, for example, though bordering on the highly 
infected Bombay Presidency, ijs relatively free from plague. The probable reason 
for this difference is that ihe predominating rat flea in the Madrc^s Presidency is 
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X. astia, wMcli as Liston (1924) and Hirst (1926, 1927) liave shown, is considerably 
less effective in carrying plague from rat to rat than X, cheopis. A supplementary, 
but probably less important, reason is that during about 7 months of the year the 
climatic conditions in certain parts of Madras are unfavourable both to flea reproduc- 
tion and to the transmission of infection by rat fleas. It is notevrorthy that in 
Madras and Colombo plague seems to be confined to areas in which Z. cheopis is 
prevalent. While Z. astia is indigenous to Southern India, Z. cheopis has only 
been recently introduced — mainly by the grain and cotton trade. It is still spread- 
ing, or attempting to spread, in these new areas, and the incidence and severity 
of plague epidemics appear to be associated directly with the number of cheopis 
present (King and Pandit 1931). 

The conclusions advanced by the English Commission (Eeport 1908, p. 266) 
on the seasonal prevalence of plague in Bombay and the Punjab were as follows : 
The rise of the rat epizootic, and therefore of the human epidendc, depends on 
(1) a suitable mean temperature, somewhat below 85° F. and in general over 
50° F. ; (2) a sufficient number of susceptible rats ; (3) a sufficient number of 
rat fleas. 

The fall of the rat epizootic and of the human epidemic depends on (1) a high 
mean temperature, 85° F. or over ; (2) a diminution in the total number of rata 
and an increase in the proportion of immune to susceptible animals ; (3) a 
diminution in the number of rat fleas. 

In Egypt, Petrie and Todd (1924) were able to determine the influence of 
season on the spread of the disease. In the Southern Provinces the maximum 
incidence was in February or March ; in Northern Egypt, at Alexandria and 
Port Said, it was in July. The optimum temperature for epidemic spread was 
68°-77° F., and the optimum vapour pressure deficiency 1-10 millibars. These, 

, too, were the optimum conditions for the development of fleas. There was a lag 
period of 4 to 6 weeks between the onset of favourable atmospheric conditions 
and epidemic prevalence of the disease in man ; this was apparently taken up 
by the development and multiplication of Z. cheopis. The two rodents chiefly 
concerned in the spread of plague were Rattus rattus and the Cairo spiny mouse 
{Acomys caMrinus). X. cheopis constituted from 90-100 per cent, of the fleas 
on these animals trapped in houses. 

In the mountainous districts of Java, according to Otten (1932) fleas reach their 
maximum in October and November, and human plague reaches its maximum in 
December. The flea index follows the rise and fall of the saturation deficiency — ^just 
the opposite to what occurs in India. 

It will be gathered that the conditions determining the epidemic spread of 
plague are very stringent. The links in the rat-flea-man chain must be delicately 
adjusted; a shght fault in one link is sufficient to impair the efficiency of the 
whole chain, or even to break it altogether. This is doubtless the reason why 
in countries where the conditions are not so favourable as in India, plague often 
has great difficulty in spreading (Kobertson 1923). Several times during the 
present century it has been introduced into England, chiefly at the ports, yet it 
has uniformly failed to take hold. In East Suffolk, it is true, it is endemic in 
the rats (Bulstrode 1910-11, Eastwood and Grriffith 1914, Macalister and Brooks; 
1914), having been imported probably in grain ; but apart from attacking one 
or tWo persons it has shown no potentialities for spreading to the human pop^ 
lation (see Greenwood 1935), 
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Plague in other Rodents, 

GtROUNb Squirrels and other American Rodents. — Plague first appeared 
at San Francisco in 1900. By 1904 it had spread from the rats to the ground 
squirrels— Citellm heechep— and had begun to pass eastward from the coast 
(McCoy 1910). In 1934 it was found that plague had crossed not only the central 
valleys of California, but also the Sierra ISTevada mountains into the Great Basin 
section of Oregon. A new species of ground squirrel, Citellus oregonus, was shown 
to be infected. As a result of special field surveys it was learnt that by 1940 
no fewer than ten States had been invaded. Three groups of rodents appear 
to constitute the main primary reservoirs of infection in the west : (1) ground 
squirrels in the coastal regions and northern part of the inter-mountain plateau ; 
(2) wood rats in the southern deserts; and (3) white-tailed prairie dogs in the 
plateau regions of" Arizona and New Mexico. A more limited reservoir is furnished 
by chipmunks, mantled ground squirrels, and marmots. Numerous species of 
fleas, lice, and ticks are concerned in the transfer of infection among these rodents 
(Eskey and Haas 1940). 

Cases of human plague have been traced to contact with ground squirrels, 
but they have been few. During the ten years, 1930-39, only 8 cases were reported 
(Hampton 1940). If, however, plague should cross the Rocky Mountains and 
infect the urban rats of the middle west, a more serious situation might arise. 
(For a description of the progress in combating what is sometimes referred to as 
“ sylvatic plague ” in the western part of the United States the reader is referred 
to a series of articles by Meyer [1936, 1937, 1938, 1939].) 

Gerbilles and Multimammate Mice. — ^Plague was introduced into South 
Africa in 1900-02 by rats in forage vessels coming from South American ports. 
Since then isolated outbreaks have occurred in different parts of the country 
without any explanation being apparent of the mode of infection. In 1921, how- 
ever, a case of plague on a farm was traced to infected rodents. It was discovered 
that the gerbilles or Nachtmuis (Gerbillus tateronia) and the multimammate mice 
(Rattus coucha) in the locality were infected with plague (Mitchell 1921). Both 
of these animals come into fairly close contact with man. Plague spread rapidly 
in the rodents during 1923-24, and in that year there were 167 outbreaks of human 
plague in the Union, with 372 cases and 235 deaths. Large epizootics have 
occurred, killing ofi 80-90 per cent, of the veld rodents and 30-40 per cent, of 
the associated small carnivora — ^mongoose and suricat. The rodents are not com- 
pletely exterminated by the disease ; the survivors breed freely, so that in time 
another large susceptible population appears, which is likewise decimated by 
plague' (Kauntze 1926). It is estimated that plague is distributed over about 
50,000 square miles (Editorial 19256). 

Spermophiles and Field Mice. — ^Endemic plague in the Steppes of South- 
west Russia has been traced to spermophiles — SpermopMlus musicus and Br, 
rufescens — and to field mice. In winter when the spermophiles are hibernating, 
cases of human plague appear to be due to infection from wandering field mice, 
which take refuge in the thatched roofs of the houses (Zabolotny 1923). A number 
of cases in winter, however, appear to be of the pneumonic type (Radclifie 
1879-80). In certain provinces, such as Saratow, Astrakhan, and the Don province, 
marmots are also infected (Tschurilina 1930). 

Tarbagans. — ^Numerous outbreaks of plague have occurred in Transbaikalia, 
Mongolia, and Manchuria. The origin of these has been traced to infected tar- 
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bagans (Zabolotny 1923, Petrie 1924, Wu Lien Teh 1924). The tarbagan (Arctomys 
bohac) is a small rodent living in deep burrows. From September to April it 
hibernates, and the breeding season is in July and August. During April, May, 
June and September its skin is largely sought after by Eussian and Chinese 
hunters for the manufacture of imitation sable. The tarbagan harbours fleas — 
Ceratofhyllus silantievi Wagner — ^which will bite man when starved (Wu Lien Teh 
1913). In its burrows there are certain passages used for the deposition of 
excrement, and the corpses of animals that have died during hibernation, as well 
as skin, bones, and other refuse. These passages are in absolute darkness, and 
are cool, moist, and of equable temperature ; it is probable that they afiord 
suitable conditions for conservation of the plague bacillus during the winter 
(Jettmar 1923). 

During the summer, sporadic cases of bubonic plague occur amongst the tar- 
bagan hunters. In the winter pneumonic plague occurs in epidemic form. 

Pneumonic Plague. 

The epidemiology of pneumonic plague is diflerent from that of the bubonic 
form, one of the chief iflerences being that the former is highly contagious, 
whereas the latter is not. 

Provided the conditions are favourable, primary pneumonic plague may spread 
with great rapidity. In 1910-11 the outbreak in Manchuria and North China 
levied a toll of 60,000 lives ; in 1917-18 there were 16,000 deaths in South Mon- 
golia and China, and in 1920-21 there were 9,000 deaths in Transbaikalia (Wu 
Lien Teh 1922). The epidemic is independent of rodents ; it spreads directly 
by droplet infection from one person to another. The closer the contact, the 
more likely is infection to spread ; this accounts for the prevalence of pneumonic 
plague in the winter, when overcrowding in insanitary dwellings is so common. 
This form of the disease appears to be uniformly fatal (Jettmar 1923). 

In some countries, such as Manchuria, Transbaikalia, and the Kirghiz Ste|)pes, 
bubonic plague occurs during the warm weather, and pneumonic plague during 
the winter. Under these conditions it seems probable that the outbreaks of 
pneumonic plague arise from cases of bubonic plague complicated by secondary 
pneumonia. 


Bacteriology and Diagnosis of Plague in Man and Animals 
Diagnosis of Natural Rat Plague. 

During an epizootic the diagnosis of plague in rats can be made almost as 
well macroscopically as by microscopical examination. The signs and their 
frequency in R. rattus and R. norvegicus combined were as follows (Report 1907) : 


( 1 ) 

( 2 ) 


Siibcutaneous congestion, particularly in submaxillary region 
Subcutaneous hsemorrhages, particularly in submaxillary region or 


Per cent. 
. 30-5 


JLU^JULJD.. . 

(3) Cervical oedema 


(4) Single bubo 1 


(a) Cervical bubo 

. 75 per 

(b) Axillary bubo 

. 15-1 

(c) Groin bubo . 

. 6-1 

(d) Sublumbar bubo 

. 3-8 


40-5 

10-a 

73-05 
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Per cent. 

(5) Multiple buboes 

. 11-67 

(6) Granular liver 

. 55-5 

(7) Pleural effusion 

. 64*5 

(8) Haemorrhages in lungs and pleurae .... 

. 24*0 

(9) Haemorrhages in kidneys and suprarenals 

. 8*5 

(10) Granular spleen 

. 4-5 


Without doubt the presence of a bubo is the most important single indication 
of plague. In the early stage the gland is enlarged, congested, and shows hsemor- 
rhagic points on section. When fully developed, it contains an area of grey 
necrosis confined to the medulla, or occupying the whole gland. The bubo is hard, 
and can be moved about under the skin with ease. Microscopically, plague bacilli 
are found in about 99 per cent, of buboes ; in over half the buboes involution forms 
are present. The bacilli are best demonstrated by staining with carbol-thionin ; 
with this dye they are faintly coloured except at the poles, which stain deeply. 

The liver frequently shows a patchy distribution of alternate red and yellow 
areas — ^best described as mottling. In many instances there are small, grey or 
whitish areas of necrosis, giving the organ a stippled appearance as if it had been 
dusted with grey pepper ; as a rule they do not project above the surface. The 
spleen is sometimes enlarged, and is firm and moulded over the stomach ; some- 
times it contains granules or actual nodules, which may be discrete or confluent. 
Occasionally a wedge-shaped portion of the spleen is converted into a cheese-like 
mass. Pleural effusion is a very characteristic feature; it is clear, abundant, 
and straw-coloured, less often blood-stained. The five most important signs of 
plague are : (1) bubo ; (2) subcutaneous and general congestion ; (3) granular 
liver ; (4) congested spleen ; (5) pleural effusion. Of these 1, 3, and 5 may 
persist in rats that have undergone putrefaction, and are then of great diagnostic 
value. 

Microscopically, bacilli are most abundant in the bubo, then in the spleen, 
and least numerous in the heart’s blood. Particular attention should be paid to the 
pplar-stained barrel forms in fresh material, and to the characteristic rings and discs 
in putrefying material (Kister 1930), Cultures should be made from these three 
situations, single colonies picked off, and carefully studied. 

Inoculation of guinea-pigs or mice should be made subcutaneously with a 
suspension of the bubo or spleen. If the animal has undergone putrefaction, 
and other organisms are likely to interfere with the inoculation test, pieces of 
the tissue should be rubbed on to the shaven abdomen of a guinea-pig. Past 
pestis is able to penetrate the unbroken skin, whereas very few other organisms 
can do so. The Commission found that this test failed in only 2 per cent, of 
fresh and 10 per cent, of putrid rats. 

In putrid animals the thermoprecipitm test is sometimes of value (Kraus 18976, 
Piras 1913, Warner 1914, Philip and Hirst 1917). One part of the finely divided 
organ^is mixed with 5 to 10 parts of distilled water, boiled for 5 minutes, filtered 
repeatedly through paper or asbestos wool under pressure till clear, and run on 
to the top of a specific serum in a small tube. In a positive reaction a precipitate 
appears in 5 min utes at 37° C., increasing to a maximum after 2 hours. 

There are several other diseases that may be confused with, plague. 

Pasteuxellosis in rats does not appear to be very common, but when it does 
occur it is most confusing (S millje 1920, Wayson 1925-; see also Mitchell 1930). 
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Tlie bacilli are smaller, more -regular, and differ from plague chiefly in their sugar 
reactions and in their formation of indole. 

Past, pseudotuberculosis (rodentium) gives rise to an infection in rats often 
accompanied by the formation of nodules in the spleen and liver. As a rule these 
nodules are larger than those of plague, and stand out more from the surface. 
One means of differentiation is the injection of the organisms into white rats ; these 
animals are said to be susceptible to plague but relatively resistant to pseudo tuber- 
culosis. Past, pseudotuberculosis, if examined in broth cultures after about 16 
hours’ incubation at 22° 0., is generally found to be motile, whereas Past, pestis 
is uniformly non-motile. (For further differences between these organisms see 
Chapter 32.) 

According to Levinthal (1931), buboes in both rats and guinea-pigs may be 
caused by Pact. colL Differentiation is readily accomplished by growth on Mac- 
Conkey agar. Agglutination of the organisms with an anti-plague horse serum is not 
always reliable, because the serum may contain agglutinins to Pact. colL 

Infection of rats with Trypanosoma lewisii may readily be confused with plague 
(Macalister and Erooks 1914). Diagnosis is easy on microscopical examination, 
since trypanosomes are found in large numbers in the blood. 

The lesions of plague in other rodents are similar to those in rats, and need 
not be described separately. In ground squirrels there is a disease called Tularaemia, 
which closely resembles plague ; cultivation is necessary to distinguish between 

them. 



The diagnosis of epidemic 
plague in rats is comparatively 
simple, but great difficulties are 
met with in the sporadic form. 
The lesions are often atypical (East- 
wood and Griffith 1914), buboes 
may be absent, and sometimes 
nothing characteristic may be 
noticed. Williams and Kemmerer 
(1923), in an examination of rats 
at Galveston, Texas, found 9 
plagiie-infected rats, none of which 
showed any macroscopic signs of 
plague. The infection was dis- 
covered by gross or combined in- 
oculations of the tissues of all rats 


Fig. 290.— PasteureUa pestis. catch. They advise 

Film from inguinal bubo of infected guinea-pig, that the rats should be divided- 
showing tbe bipolar-stained ovoid bacilli ( x 1000). into batches of ten, and the com- 


bined spleens or glands of each 
batch should be emulsified and injected into a guinea-pig. Even this method is 
not infallible, because at the decline of an epizootic or during an inter-epizootic 
period the virulence of the bacilli may be so low that the guinea-pig either does 
not die or dies with atypical lesions ; in this case a fresh inoculation should be made 
from the guinea-jig, and repeated in series till the virulence of the organism is 
sufficiently exalted to give rise to typical plague. In the search for plague infection 
among ground squirrels and other similar rodents it has been found more satisr 
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factory to collect tKe fleas from the animals and inoculate them in pooled batches 
into guinea-pigs (Eskey and Haas 1940). 

When a hitherto uninfected locality is invaded by plague, the rats may suc- 
cumb rapidly to a septicsemic form of the disease, in which buboes are insignificant 
or absent (Philip and Hirst 1917). Such rats may appear almost normal to the 
naked eye, though the bacilli are seen microscopically in large numbers in the 
blood and viscera. 

Towards the end of an epizootic, lesions of chronic or resolving plague may be 
found. The chief of these are : (1) chronic buboes ; (2) necrotic areas in the 
spleen ; (3) chronic abscesses in spleen, and more rarely in liver ; (4) perisplenitis ; 
(5) scars in spleen ; (6) bisected or trisected spleen ; (7) adhesions of spleen to 
surrounding structures. In these lesions bacilli may or may not be found. 

Diagnosis of Plague in Man. 

During Life. — A small vesicle is sometimes present on the leg in the early 
stages of the disease corresponding to the flea-bite. Microscopical examination 
of the fluid will show the presence of plague bacilli. The bubo, which is generally 
in the inguinal region, should be aspirated, and the fluid examined microscopically, 
by culture, and by animal inoculation (Fig. 290). 

Plague bacilli are frequently present in the patient’s blood, where they may 
be demonstrated microscopically or, preferably, by culture. In the early stages 
of the disease 34 to 60 per cent, of blood cultures have been reported positive by 
different observers; but Bonebakker (1936), making use of Kirschner’s (1934) 
observation that pure bile constitutes an excellent medium for the growth of 
plague bacilli in blood, was able to demonstrate their presence in 85 per cent. 
The degree of bacteraemia is said to fluctuate considerably during the course of 
the disease (Report 1908, p. 221). 

The German Plague Commission (Report 1899) found that the patient’s serum 
often agglutinated the plague bacillus, though usually to a low titre 1/2 to 1/40. 
A positive test is of value, a negative one meaningless. In mild or chronic cases, 
when the diagnosis is in doubt, and the bubo is small, hard, and difficult to 
aspirate, the bubo should be excised and injected into a guinea-pig (Uriarte 1925). 
In pneumonic plague large numbers of bacilli are found in the sputum. 

The faeces of plague patients do not contain Fast, festis ; the urin’e often does 
(Ogata 1897) — ^in 19 to 30 per cent, of patients (Report 1908, p. 221). 

After Death. — Microscopical, cultural, and animal inoculation tests should 
be relied on for diagnosis, the best material being the bubo or the spleen. If 
the cadaver is comparatively fresh, the tissue suspension should be injected sub- 
cutaneously or intraperitoneally into a guinea-pig ; the latter method is more 
reliable if the organisms are few. In putrid cadavers the organ should be rubbed 
on to the shaven abdomen of a guinea-pig or on to its nasal mucosa (Zlatogoroff 
1904, Girard 1934) ; the thermoprecipitin test may likewise be used. In frozen 
cadavers Fast, pestis can be cultivated from buboes up to 102 days (Zlatogoroff 
1904). 

Immunity. 

There is evidence that after plague has been epidemic among rats for a time 
it decreases in incidence and ultimately dies out. This process is associated with 
an increase in the immunity of the rats. It has been shown that rats from a 
plaguerinfected area are ntore resdstant to experimental inoculation than those 
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from non-inf ected areas ; and the young of resistant animals are said to enjoy 
a high, degree of natural immunity (Liston 1924). 

Sokhey and Chitre (1937), for example, in India collected 80 rats from each of a number 
of towns that had suffered in varying degrees from plague during the period 1899-1929, 
inoculated each of them with a standard dose of virulent plague bacilli, and observed 
the resulting mortality. They found that, in general, the proportion of animals dying 
was inversely proportional to the total human plague incidence in the town from which 
they were derived. Thus, in Bombay city, where plague had been prevalent, only 7-9 per 
cent, of the rats died ; in Madras city, on the other hand, where there had been practically 
no plague, 91-1 per cent. died. 

How far resistance is due to an increased genetic immunity in the strict sense, 
resulting from the operation of natural selection, and how far it is due to the acquire- 
ment of active immunity by the young animals as the result of latent infection, 
occurring perhaps at a time when antibody derived from the placental circulation 
or the colostrum is still present in the animal’s tissues, it is difficult to say, but 
readers who are interested in this fascinating problem will do well to consult the 
review of the subject by Hill (1934). On the whole, the evidence points more to the 
importance of genetic immunity. For example, in Bombay city, over 2,000 rats 
were caught eacfi. night and examined at the Haffkine Institute. During two 
years not a single plague-infected rat was found (Sokhey and Chitre 1937).^ 
in the region of Paris, where plague was introduced by infected rats in 1917, the 
resulting epizootic gradually declined after about 1920, so that by 1936 not a 
single rat out of 3,525 examined was found to be infected (Joltrain 1936). In 
view of these findings it is difficult to ascribe the increasing immunity of the rats 
to the persistence of a benign epizootic. It seems more probable that a strain 
of rats is evolved having a greater degree of natural resistance to plague infection 
than that to which the bulk of the original susceptible animals belonged. 

Prophylaxis, Vaccination, and Serotherapy' 

Prophylaxis. — The aim of prophylaxis is to weaken or break the rat-flea-man 
chain by striking at one. of its links. The rat constitutes the first link. Complete 
destruction of all rats and mice is, however, quite impracticable. The animals 
breed at such a rate as to render futile all attempts at extermination. 
According to the English Plague Commission the progeny of a single pair might 
number 858 in 16 months (Eeport 1911). Thompson in Sydney found that, in 
spite of an intensive campaign against rats and mice, the number caught each 
week was nearly uniform ; there was no evidence that the slaughter policy was 
making any real impression on the general horde. Again, complete destruction 
of rats on ships is impracticable ; if performed thoroughly it would cause more 
dislocation of the traffic than would be tolerated. It has been suggested by 
Kodier (1926) that' a more efficacious method would be to kill all female rats caught, 
and liberate the males ; the resulting polyandry, he considers, would lead to 
practical extinction of the species. 

Eats are comparatively harmless so long as they do not come into intimate 
contact with human beings. The most hopeful policy is to render all houses, 
granaries, shops, and such places unsuitable as rat habitations. That this can 
be done successfully has been demonstrated in Java, where between 1914 and 
1939 over 1,500,000 houses were remodelled (van Loghem 1939). 

The second link in the chain—the flea — ^must be dealt with by strict personal 
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hygiene and domestic cleanliness. In the absence of dirt and litter the fleas have 
nowhere to breed. The possibility that other insects — bugs, flies, ticks — ^may 
share in spreading the disease has been carefully considered (Nuttall 1897, 1898, 
Report 1915c). There seems little doubt that lice and ticks play a part in the 
transmission of sylvatic plague (Hampton 1940), but their role in the spread of 
plague among rats would appear to be negligible. 

Man forms the third link. Four measures are usually advocated : (1) Notifi- 
cation of cases or, in countries where this is difficult, registration of deaths. The 
diagnosis can be confirmed post mortem by splenic puncture. (2) Isolation of 
cases, which, except in pneumonic plague, is of little value, since man plays but 
a small part in the spread of the disease. (3) Evacuation, which is sound in theory, 
since it removes the susceptible population from the infected localities, but is 
very difficult in practice— at any rate on a large scale. (4) Vaccination, the chief 
value of which is, or should be, to protect an exposed population while effective 
preventive measures, such as the remodelling of houses to exclude rats, are carried 
out. 

Against pneumonic plague we are as powerless as against influenza or other 
rapidly spreading respiratory disease; the most important measures are the 
isolation of the patients and' the prevention of overcrowding, especially at night. 

Vaccines. — Animals were successfully vaccinated against plague by several of 
the early workers (Yersin et al. 1895, Report 1899, Report 1910, p. 536). Different 
species appear to vary in their response to a given vaccine. According to Schiitze 
(1939a) a high content of envelope antigen is required in the vaccine if rats and 
guinea-pigs are to be protected, but in the mouse this antigen is of less importance. 
These observations may explain some of the discrepancies between the protagonists 
of dead and of living vaccines. Sokhey (Report 1936, 1937), for example, using 
mice has apparently obtained very good results in the laboratory by the use of 
a killed vaccine made from a broth culture grown at 27° C., which is known to 
contain very little envelope antigen; whereas Otten (1936, 1938) using guinea- 
pigs and rats, and Pirie and 'Grasset (1938) using rats, found a dead vaccine to 
be greatly inferior in its protective power to a living vaccine made from a strain 
of modified virulence. 

In the prophylaxis of human plague a killed vaccine has been extensively used 
in India, but of late years the successful use of living vaccines in Java and Mada- 
gascar has seriously challenged the older method. 

Dead Vaccine, — Haffkine’s vaccine is prepared from a 4-weeks’ culture of 
Fast, festis at 27° C. in goat digest broth, killed by heat for 15 minutes at 55° 0., 
and preserved with 0-5 per cent, phenol. According to Schiitze (1934), it is desirable 
to neutralize the alkali in the culture before heating in order not to destroy the 
small amount of envelope antigen in the bacilli. The vaccine is standardized 
by a mouse protection test (see Taylor 1933, Sokhey and Maurice 1935, Sokhey 
1939). Four ml. is the usual dose for an adult, given at a single inoculation. 
The protective value of this vaccine is difficult to assess. Most of the trials have 
been made in India, where exact collection of statistics is notoriously difficult. 
The selection of the groups for vaccination has in some instances not been above 
criticism. To give an adequate summary of the results obtained would require 
more space than can here be spared ; the reader who wishes to examine the evidence 
is referred to the Indian Plague Commission’s Report (1901). A summary, how- 
ever, of the more importmt ^oups of figures is reproduced (Table 153). 
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TABLE 163 

Hafekine’s VAccnTE. Incidence and Mortality of Plagde in Inoculated and 
Uninoctjlated Persons in 14 Outbreaks. (Modified from Taylor 1933.) 


Average Population at Risk. 

Inoculated. 

Uninoculated. 

Inoculated. 

Uninoculated. 

Attacks. 

Deaths. 

Attacks. 

Deaths. 

123,134 

168,638 

803 

385 

4,014 

3,194 

Attack rate per 10,000 

Death rate per 10,000 . 

Case mortality 

65 

31 

48 per cent. 

238 

189 

80 per cent. 


These figures suggest that inoculation confers roughly a fourfold protection 
against attack, and a sixfold protection against death. The effect of the vaccine 
probably lasts for some months. 

Living Vaccines. — Otten, in Java, has been the chief advocate of the living 
vaccine. Having convinced himself (see Otten 1933, 1936) that no dead vaccine 
could protect guinea-pigs or wild rats satisfactorily, he turned to a living vaccine 
made from a strain of modified virulence that had been originally cultivated from 
a plague rat at Tjiwidej, A single dose of this vaccine was found t© protect 
80 per cent, of rats and over 90 per cent, of guinea-pigs against inoculation with 
a dose of virulent plague bacilli that killed 99-100 per cent, of the control animals. 
Eor human beings the vaccine is prepared by washing off with saline a 2-3 day 
agar culture grown at 30° C. It can be kept for a month in’ the ice-chest without 
loss of potency. At first it was used in two sub-districts of Java, when alternate 
persons only were inoculated. The results of this controlled trial, in which observa- 
tions were made over a period of 5 months after vaccination, are summarized 
in Table 154. 

TABLE 164 

Otten’s Vaccine. Mortality from Plague in Inoculated and Uninooulated 
Persons (Otten 1936). 



Inoculated. 

Uninoculated, 

Sub-district in Java. 

Number. 

Deaths. 

Mortality 
per 1,000. 

Number.. 

Deaths, 

Mortality 
per 1,000. 

Bandjaran . 

18,479 

28 

1*6 

20,669 

103 

4*9 

Batoedjajar . 

18,966 

10 

0-6 

24,088 

110 

4*6 

Total 

37,436 

38 

1-01 

44,757 

213 

4*75 


There were larger numbers of young children in the control than in the vaccinate^ 
group ; since there is evidence that susceptibility to plague is less in* the first 
six years or so of life than later, the odds were probably weighted somewhat against 
the vaccinated subjects. Even so the mortality per 1,000 was 4 to 5 times higher 
in the control group. 

Later figures given by Otten (1941) show the fall in the number of deaths in 
the residency of Priangan. Vaccination of 94 per cent, of the population pf two 
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TABLE 155 

Plague Deaths in the Residency of Pbiangan. 


1934 . 

1935 . 

1936 . 

1 

1937 . ' 1938 . 1939 . ! 1940 . 

20,522 

10,107 

4,296 

2,543 

1,368 1,002 247 


million was carried out in 1935, and continued, including re-vaccination, during 
1936-39 (Table 155). 

Tbe results are necessarily dij66cult to interpret, since it is impossible to know 
wkat fall in mortality would have occurred in the absence of vaccination. The 
fall, however, in this instance was remarkably rapid, and the figures taken in 
conjunction with those of Table 154 suggest strongly that vaccination played a 
not unimportant part. 

In Madagascar a living vaccine has been employed, made from a strain E.V., 
which had become attenuated by monthly subculture for 4 years (Girard 1936). 
Erom 1921, when plague was introduced, the cases rose from 187 to reach 3,880 
in 1933 (Girard and Bobic 1938, 1942). In 1935 vaccination was begun, and was 
followed by a fairly rapid reduction in the incidence and mortality rate (Table 156). 

TABLE 156 


Cases and Deaths erom Plague in Madagascab (Robic 1938). 


Year. 

Number of 
Cases. 

Number of 
Deaths. 

Remarks. 

1933-34 

3,493 

664 


1934-35 

3,606 

510 


1935-36 

3,035 

507 

First vaccination campaign 

1936-37 

1,376 

206 

Second vacciaation campaign 

1937-38 

596 , 

85 

i 

Third vaccination campaign 


As in Java, the fall after vaccination was started appears to have been greater 
than would have been expected in its absence. 

Grasset (1941) in South Africa uses a mixture of the Tjiwidej and E.V. strains 
for the preparation of a living vaccine. The dose recommended is 1,000 million 
organisms. This gives rise to a moderate local swelling with some tenderness, 
but to little or no constitutional reaction. 

It is impossible to assess the comparative value of dead and living vaccines 
in the prevention of plague. Nothing but a simultaneous trial of the vaccines 
on the same population, together with a proper control group of uninoculated 
subjects, is likely to supply us with the necessary information. There is little 
doubt, however, that provided due care is exercised to prevent contamination, 
the living avirulent vaccine can be employed without danger for the inoculation 
of human beings; 

Serum Treatment.: — A number of sera have been used in the treatment of human 
plague. Rowland (see Report 1911, p. 11) stated that serum prepared by immuniz- 
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ing horses with a solution of ** nucleoproteins ” from the plague bacillus had definite 
curative properties in rats. A report on the use of Yersin's, Halfkine’s, Lustig’s, 
Term’s, and Brazil’s sera was published by the Government of India (HaffMne 
1905) ; none of them affected the mortality of the disease. The English Plague 
Commission likewise obtained no evidence that serum treatment was beneficial 
(Keport 1912, p. 326). More recently, both Girard (1936) and Pirie and Grasset 
(1938) have found that serum prepared by the inoculation of horses with living 
avirulent organisms is considerably more potent, as judged by animal tests, than 
that prepared from dead organisms. In human beings Girard (1911) states that 
65 per cent, of patients suffering from bubonic plague recover under serum treat- 
ment. Of 70 patients treated with serum by Wagle, Sokhey, Dikshit and Ganapathy 
(1941), 71*5 per cent, recovered as against only 47-6 per cent, of 82 control patients 
receiving the routine iodine treatment. The serum was given in doses of 20 ml. 
intravenously and ,20 ml. subcutaneously every day for 2-5 days. Alarming 
reactions may follow intravenous administration, and it might be better to give 
more frequent injections intramuscularly. 

Chemotherapy. — Schiitze (19396), working with white rats and white mice, 
found that sulphapyridine had a protective effect similar to that of serum. In 
the series of patients just referred to, Wagle and his colleagues (1941) treated 
53 patients with sulphapyridine and 32 patients with sulphathiazole in 0*5 gm. 
doses every 4 hours up to a maximum of 7 days ; the recovery rates were 75*5 
and 84*i per cent, respectively. The results might have been better if a larger 
dosage had been tried. Neither serum nor sulphonamide seems to be of therapeutic 
value in pneumonic plague (Girard 1941, Wagle et ah 1941). According to Wayson 
and McMahon (1944), sulphadiazine is of undoubted therapeutic value in rabbits 
and guinea-pigs experimentally inoculated with plague. On the whole the evidence 
suggests that sulphathiazole and sulphadiazine are among the most active of the 
sulphonamide compounds. 

PASTEURELLOSIS OR HMMORRHAGIC SEPTICAEMIA OF ANIMALS 

The observations of Bollinger and of Kitt in 1878 on an epidemic disease 
affecting wild hogs, deer, and later cattle in the neighbourhood of Munich con- 
stitute the first work of importance on a group of diseases attacking several species 
of animals, and known collectively as Haemorrhagic Septicaemia. Kitt was suc- 
cessful in isolating the causative organism and in transmitting the disease to mice 
and pigeons. A similar organism was obtained by Pasteur in 1880 from fowl 
cholera, by Loeffler in 1882 from swine plague, by Poels (1886) from septic pleuro- 
pneumonia of calves, and by numerous workers during the next few years from 
diseases in other animals. In 1901 Lignieres proposed to unite all these affections 
into one group under the name of Pasteurellosis, and to call the infecting organisms 
Pasteurella, He divided this group into 6 sub-groups according to the species 
of animal attacked : , . 

(1) Avian type, attacking hens (fowl cholera), other birds, and rabbits. 

(2) Porcine type, giving rise to swine plague (Sekweineseuche, Pasteurellose 
du pore). . 

(B) Ovine type, affecting sheep (pnevmo-erhterite^ lomhriz), and infectious pneu- 
monia of goats. 
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(4) Bovine type, attacking cattle {Wild- und Rinderseuchej sejpticemie hemor- 
ragique des hovideSj 'pneumo-enterite du hoeuf^ harhone of bufialoes, septic pleuro- 
pneumonia of calves, and entiqui). 

The 5th and 6th sub-groups comprised equine influenza and canine distemper 
respectively, neither of which is actually due to Pasteurella. 

This classification is incomplete and has little to recommend it ; there is no 
place in it for pasteurellosis of the mouse, the rat, the reindeer and other animals 
that sufler naturally from the disease. Moreover it has now become clear that ail 
true PasteuTelld infections are manifestations of one infective process — Septicaemia 
haemorrhagica. The causative organism is apparently the same throughout ; and 
there is no means by which its animal origin can be ascertained with certainty. 

The clinical manifestations of pasteurellosis vary according to the animal 
attacked ; in some animals two or more forms of the disease have been recog- 
nized. Generally it runs an acute course with death in the space of a few hours 
to a few days. The mortality is high, 70-100 per cent. (Brimhall and Wilson 
1900, Rice 1926). Post mortem, the main lesions are found in the viscera. 
Petechial hsemorrhages are common especially in the pleura, endocardium, and 
kidneys ; and larger haemorrhages may be scattered through the submucous 
connective tissue and lymphatic glands (Brimhall and Wilson 1900). In the 
pulmonary form the mucosa of the trachea and bronchi is congested ; the lungs 
are hypersemic and show difiuse or patchy consolidation ; the pleura is covered 
with coagulated fibrin, and there is a fibrinous or purulent exudate in the peri- 
cardium (Poels 1886). The peribronchial and mediastinal lymph glands are 
swollen, and on section are moist and red. Congestion of the kidneys is notice- 
able, particularly in swine ; microscopically there is epithelial necrosis of the 
tubules (Magnusson 1914). In the intestinal form the most noticeable feature is 
acute hsemorrhagic enteritis, with sometimes bloody mucus in the intestine (Rice 
1926). The spleen and liverusually show litfle or no change (Voges 1896), but they 
are frequently covered with fibrino-purulent exudate, similar to that in the peri- 
toneal cavity (Morch and Krogh-Lund 1931). Microscopically the small, regular, 
oval, Gram-negative, bipolar-staining bacilli are found in enormous numbers in 
the blood and viscera. In the cow the udder may occasionally be affected (Lovell 
1939). 

The method by which the disease spreads is not altogether clear. Hueppe 
(1886) regarded it as a ground infection like anthrax, but the very low resistance 
of the organisms to inimical agencies would seem to exclude this. Magnusson 
(1914), who observed a large epidemic amongst reindeer in Sweden, suggested that 
it was spread by a sucking insect. This suggestion finds some support in the 
observations of Daubney, Hudson, and Roberts (1934), who brought evidence to 
show that the disease in cattle could be carried by the flea Gtenocephalus felis 
Bouche. Recently the belief has been gaining ground that it is primarily a respira- 
tory infection. The organisms have been found on the mucosa of the mouth and 
in the nasopharynx of normal swine (XJhlenhuth and Haendel 1913). De Kruif 
(1921, 1922a, 6, 1923), working with rabbits suffering from snuffles — a chronic 
form of the disease— observed the organism in the nose of a large proportion of 
normal animals. Webster (1924a, b) found that, preceding an outbreak there was 
a rise in the normal carrier rate. The susceptibility of rabbits varied greatly, 
some being highly resistant, others succumbing with ease. Similar variation in 
the susceptibility of fowls to natural and experimental infection has likewise been 
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noted by Eice (1926). These observations suggest that natural infection occurs 
through the nose, and that it is dependent on the presence of carriers. 

Pasteurella Infections in Man. — Though several authors have described diseases 
in man that they consider to be due to Pasteurella infection, few of the accounts 
carry conviction. Eeviewing the literature, Eegamey (1939) (see also Levy- 
Bruhl 1938) has traced ten cases that were probably, and six cases which he thinks 
were certainly, due to this organism. Of the six genuine cases, three were char- 
acterized by pleurisy, two by meningitis, and one by a local lesion following the 
scratch of a cat. Subsequent cases have been recorded by Foerster (1938), Mulder 
(1938), Boisvert and Fousek (1941) and Ludlam (1944). Allott and his colleagues 
(1944) record six cases, three following cat bites and three following dog bites. 
Three of the cases were complicated by osteomyelitis. Localized disease is com- 
monly followed by recovery, but generalized cases have usually proved fatal. 
Infection may occur without accompanying illness ; in our own experience, for 
example, an animal house attendant who carried Pasteurella septica in bis nose 
for several months remained quite well. 

Protection, Vaccination, Serotherapy, and Chemotherapy. 

It was when working with chicken cholera that Pasteur observed a spontaneous 
diminution of virulence in a culture which he had left for some weeks at room 
temperature in contact with the air. This culture, on inoculation into fowls, 
proved harmless. When these fowls were re-inoculated shortly afterwards with a 
virulent culture, instead of dying of haemorrhagic septicaemia they recovered rapidly 
after a brief indisposition. 

The vaccines used at present for the prophylaxis of pasteurellosis are made 
chiefly from strains attenuated by heat or chemical agents. In some instances 
their use appears to have yielded satisfactory results (Brimhall and Wilson 1900, 
Chamberland and Jouan i906, Hutyta and Marek 1912, Magnusson 1914). The 
work of Priestley (1936) seems to show the importance of using a vaccine prepared 
from virulent capsulated bacilli. To avoid destroying the antigenic properties 
of the capsule the organisms should he killed by heating at 56° C. for not more 
than 30 minutes. Immune sera prepared by injection of horses with living organ- 
isms or with body exudates are sometimes employed therapeutically (Schirop 
1908). The most promising method appears to be combined active and passive 
immunization. 

According to Cardoso, Eeis and Nobuga (1939), sulphanilamide has a pro- 
tective effect in chickens experimentally inoculated with Pasteurella. 

Other Diseases Associated with Pasteurella or Pasteurella-like Organisms. 

Pasteurella is a common secondary invader in many diseases of animals. It 
has been found especially in swine fever, m which it gives rise to severe pulmonary 
complications, in influenza of horses (Lignites 1901), and occasionally in canine 
distemper (Lignieres 1901), in roup (Bushnell 1923) and diphtheria of fowls 
(Chamberland and Jouan 1906). 

The so-called “ de Aar disease,’’ described by Pirie (1929) and Mitchell (1930), 
affecting the veld rodents of South Africa,’ was probably due to a genuine Pasteurella 
infection. On the other hand the contagious pneumonia of sheep, recorded 
by Dungal (1931) in Iceland, was caused by an organism differing in several respects 
from Past, septica (see Chapter 32), as was also the pyogenic disease of sheep 
described by Jowett (1931). 
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A nuraber of outbreaks in fowls (Higgins 1898), geese (Froscb and Bierbaiim 
1909), rabbits (Kraus 1897a, Kurila 1909, van Sacegbem 1922), and guinea-pigs 
(Busson 1921) have been ascribed to infection with Pasteurella, which, from the 
records, were probably due to other organisms. There is still a disposition to 
treat the Pasteurella group as a convenient refuge for any small, Gram-negative 
bacillus whose identity has not been accurately ascertained.' A genuine epizootic 
among guinea-pigs, however, has been described by Wright (1936). 


PSEUDOTUBEROULOSIS 

There are three or four diseases of animals known as pseudotuberculosis, 
which are caused by different organisms. 

Pseudotuberculosis of Rodents, — In 1883 Malassez and Vignal described a 
disease in a guinea-pig that had been used for experimental inoculation, which was 
characterized by the presence of nodules histologically similar to those of tubercu- 
losis, but containing zoogloeal masses of coccoid bacilli. To this disease they gave 
the name zoogloeal tuberculosis. A similar organism was found by Dor (1888), 
Charrin and Roger (1888), Nocard (1889), and Zagari (1890) in guinea-pigs dying 
either naturally or after inoculation with pathological material. Preisz (1894), 
who made a comparative study of these organisms, concluded that they were 
identical with a bacillus described by Pfeiffer in 1890 under the name B. 
'pseudotuberculosis rodentium, now known as Past, pseudotuberculosis. 

The disease attacks guinea-pigs chieffy, and to a less extent rats. In Germany 
cats appear to be not infrequently infected (Pallaske and Meyn 1932). Sporadic 
cases of the disease are observed in mice, rabbits, hares, pigeons, turkeys, Und 
canaries (Pallaske 1933). Infection appears to occur by the alimentary tract. 
Post mortem in guinea-pigs, there are rounded greyish-white spherical nodules up 
to 2 or 3 mm. in diameter, distributed chiefly in the spleen, liver, and lungs. The 
nodules are well defined, often protrude from the surface, and on section appear 
creamy or caseous. Enlarged caseous mesenteric glands are generally present. 
Microscopically the lesions contain large numbers of short, coccoid or ovoid, 
bipolar-stained Gram-negative bacilli, which can be readily cultivated on agar (see 
Chapter 32). The disease can be reproduced experimentally in large numbers of 
different animals and birds (see Pallaske 1933). On injection into guinea-pigs, 
rabbits, rats, or mice the bacilli prove fatal in 1 to 3 weeks, depending on the 
dose used and the site of injection. At necropsy after intramuscular inoculation 
there is a caseous local lesion, enlargement of the regional lymphatic glands, and 
nodules in the spleen, liver, and lungs. Microscopically, the bacilli are numerous 
in the local lesion and glands. 

Pseudotuberculosis of Mice. — This disease is due to a short Gram-positive 
diphtheroid bacillus, 0. murium^ described independently by Bongert (1901) and 
Kutscher (1894), (see Chapter 17). 

Pseudotuberculosis of Sheep. — This disease has been reported in Europe, 
America, and Australia. It is caused by a short, non-motile. Gram-positive 
diphtheroid organism, known as the Preisz-Nocard bacillus or C. ovis (Preisz 1894). 
The same organism appears to be responsible for ulcerative lymphangitis of horses 
and perhaps for contagious acne of horses (Hutyra and Marek 1912) (see Chapter 17). 
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Pseudotuberciilosis of Pigs. — Both Chausse (1916) and Vein (1922) describe a 
disease of pigs under the name of pseudotuberculosis. The peri-phaiyngeal lymph 
nodes appear to be chiefly affected, and the caseous lesions produced resemble 
those of true tuberculosis very closely. Visceral lesions may or may not be present. 
The cause of the disease is unknown. 

' Pseudotuberculosis of Man. — Topping, Watts and Lillie (1938) record a case 
of human infection with Pasteurella pseudotuberculosis. It is said to be the fifth 
authentic report in medical literature. Topping’s case was characterized by an 
influenzal type of onset, fever, abdominal tenderness, neck rigidity, and later 
jaundice. Death occurred after 16 days. At autopsy the liver was found to 
be enlarged and studded with necrotic foci 1-10 mm. in diameter ; the spleen 
was likewise enlarged and showed a diffuse lymphoid hyperplasia. An organism 
was isolated from the blood before death and from the liver at post mortem which 
was regarded as being identical with Past, pseudotuberculosis. Since, however, 
no adequate serological or pathogenicity tests appear to have been made, its 
exact identity must remain in doubt. 


EEFEREHCES 

Allott, E. IST., Oeuickshank, B., Cyelas-Williams, R., Glass, V., Meyer,. I. H., Straker, 
E. A., and Tee, G. (1944) J. Path. Bad., 56, 411. 

Boisvert, P. L. and Pousee, M. D. (1941) J. Amer. med. Ass., 116, 1902, 
Bonebakker, a. (1936) Geneesk. Tijdschr. Ned.-Ind., 76, 1890. 

BoisroEBT. (1901) Z. Eyg. InfeUKr., 37, 449. 

Boreas, Bubief, and Taxon. (1922) Pr. med., 30, Part II, p. 831. 

Beimhall, S. B. and Wilson, L. B. (1900) J. comp. Med., 21, 722. 

Bulstrode, E. T. (1910-11) 40^A ann. Rep. loc. Govt Bd, med. OffPs Suppl., p. 36. 
Bxjshnell, L. B. (1923) Abstr. Bad., 7, 30. 

Bijsson, B. (1921) Zbl Baku, 86, 101. 

Caeeoso, B. M., Reis, J., and Nobuga, P. (1939) C.R. Soc. Biol., 181, 30i 
Chamberland and Jottax. (1906) Ann. Inst. Pasteur, 20, 81. 

Chareix and Roger, G. H. (1888) G. R. Soc. Biol, 5, 272. 

CHATTSSi, P. (1916) Rec. Med, vet., 92, 679. 

Baubney, R., Hudson, J. R., and Roberts, J. I. (1934) J. comp. Path., 47, 211. 
Bor, L. (1888) C. R. Soc. Biol, 5, 449. 

Buxgal, N, (1931) J. comp. Path., 44, 126. 

Eastwood, A. and Griffith, E. (1914) J. Byg., Camh., 14, 285. 

Editorial. (1925«) Publ Elth Rep., Wash., 40, 61 ; (19256) Brit. med. J., i. 851. 
Elton, C. S. (1925) J. Eyg,, Camh., 24, 138. 

Eskey, 0. R, and Haas, V. H. (1940) Puhl Elth Bull, Wash., No. 254. 

Eoerstee, W. (1938) Klin. Wschr., 17, 599. 

PROSCH, P. and Bierbaum, K. (1909) Zbl Bakl, 52, 433. 

Galli- Valerio, B. (1900) Zbl Baht., 27, 1 ; (1903) Ibid., Ref. 33, 753. 

Gauthier, J.-C. and Raybaud, A. (1902) G. R. Soc. Biol, 64, 1497 ; (1903) Rev. Eyg., 
25, 426. 

Girard, G. (1934) G. R. Soc. Biol, 117, 601 ; (1936) Ann. MM. Pharm. colon., 34, 235; 
(1941) Bull. Soc. Path, exot., 34, 37. 

Girard, G, and Robio, J. (1938) Bull Acad. MM., Paris, 120, 54 ; (1942) Bull Soc. Path, 
exot, 36, 42 

Gbasset, E. (1941) 8. Afr. med. J., 16, 373. 

Greenwood, M. (1935) Epidemics and Orowd-Biseases,” WiUiams & Norgate Ltd., Lend. 
Haeekine, W. M. (1906) Sci, Mem. med. sanit. Dep. India, New. Ser., No. 20 ; (1907-8) 
Proc. R. Soc. Med., 1, Part I, Epidem. Sect., p. 71. 

Hampton, B. C. (1940) Puhl Elth Rep., Wash. 55, 1143. 

Higgins, C. H. (1898) J. exp. Med., 3, 661. 

Hill, A. B. (1934) Spec. Rep. Ser. med. Res. Ooun., Bond., No. 196. 

Hirst, P. (1926) Ceylon J. med. Sci., Sect. B, 1, 166 ; (1927) Ibid., 1, 273. 

Hueppb, P. (1886) JBerl Min. Wschr., 23, 753, 776, 794. 

Huty:^, P. and Marek, J. (1912) “ Special Pathology and Therapeutics of the Biseases 
of Domestic Animals,” 1, 77. Chicago and London. 



PLAQUE, PASTEURELLOSIS, AND PSEUDOTUBEBCULOSIS 1651 

Jettmar, H. M. (1923) Z, Hyg. InfeUKr., 9*?, 322. 

JoLTRAiN, E. (1936) BuU. Acad. Med., Paris, 116, 601. 

JowETT, W. (1931) J. comp. Path., 44, 202. 

Kaxjntzb, W. H. (1926) Bull. Hyg., Bond., 1, 66. 

King, H. H. and Pandit, C. G. (1931) Indian. J. med. Res., 19, 357. 

Kirschner, L. (1934) Oeneesk. Tijdschr. Ned.-Ind., 74, 1141. 

Kister. (1930) Zhl. Baht., 117, 433. 

Kitasato, S. (1894) Lancet, ii. 428. 

Kraus, B. (1897a) Z. Hyg. InfeUKr., 24, 396; (18976) Wien. Bin. Wschr., 10, 736. 
Kruip, P. H. de. (1921) J. exp. Med., 33, 773 ; (1922a) Ibid., 35, 561 ; (19226) Ibid., 
36, 309 ; (1923) Ibid., 37, 647. v / » 

Kurila, S. (1909) Zbl. BaU., 49, 508. 

Kutscher. (1894) Z. Hyg. InfeUKr., 17, 327. 

Levinthal, W. (1931) Z. Hyg. InfeUKr., 112, 433. 

Levy-Bruel, M. (1938) Ann. Med., 44, 406. 

Lignieres, M. j. (1901) Ann. Inst. Pasteur, 16, 734. 

Liston, W. G. (1924) Brit. med. 900, 950, 997. 

Loghem, j. j. van. (1939) Bull, kolon. Inst. Amsterdam, 2, 131. 

Lovell, R. (1939) Vet. Bee., 51, 747. 

Low. (1920) Bep. Min. Hlth, No. 3. H.M. Stat. Off. 

Ludlam, G. B. (1944) J. Path. Bact., 66, 307. 

Maoalister, G. H. and Brooks, B. St. J. (1914) J. Hyg., Camb., 14, 316. 

McCoy, G. W. (1910) J. Hyg., Camb., 10, 589. 

Magnusson, H. (1914) Z. InfeUKr. Haustiere, 16, 61. 

Malassez, L. C. and Vignal, W. (1883) Arch. Phys. norm, path., 3rd Ser., 2, 369. 
Meyer, K. F. (1936) Amer. J. publ. Hlth, 26, 961 ; (1937) Ibid., 27, 777 ; (1938) Ibid., 
28, 1153; (1939) Ibid., 29, 1225. 

Mitchell, J. A. (1921) J. Hyg., Gamb., 20, 377 ; (1930) J. Hyg., Camb., 29, 394. 
M0RCH, J. B. and Krogh-Lund, G. (1931) Z. Hyg. InfeUKr., 112, 471. 

Mulder, M. D. J. (1938) Acta med. scand., 97, 1&. 

Nocard. (1889) C. B. Soc. Biol., 1, 608. 

Nuttall, G. H. F. (1897) Zbl. BaU., 22, 87 ; (1898) Ibid., 23, 625. 

Ogata, M. (1897) Zbl. BaU., 21, 769. 

Otten, L. (1932) J. Hyg., Camb., 32, 396 ; (1933) Meded. Dienst. Volksgezondh. Ned.-Ind., 
Part II, 61 : (1936) Indian J. med. Res., 24, 73 ; (1938) Meded. Dienst Volksgezondh. 
Ned.-Ind., 27, 111 ; (1941) Ibid., 30, 61. 

Pallaskb, G. (1933) Z. InfeUKr. Haustiere, 44, 43. 

Pallaske, G. and Meyn, A. (1932) Dtsch. tierdrztl. Wschr., 40, 577. 

Petrie, G. F. (1924) J. Hyg., Camb., 22, 397. 

Petrie, G. F. and Todd, B. E. (1924) J. Hyg., Gamb., 23, 117. 

Ppbipper, a. (1890) Zhl. BaU., 7, 219. 

Philip, W. M. and Hirst, L. F, G917) J. Hyg., Camb., 16, 527. 

PiRAS, L. (1913) Zbl. BaU., 71, 69. 

PiBiE, J. H. H. (1929) Publ. 8. Afr. Inst. med. Res., 4, 218. 

PmiE, J. H. H. and Grasset, E. (1938) 8. Afr. med. J., 12, 294. 

PoBLS, J. (1886) Fortschr. Med., 4, 388. 

Preisz, H. (1894) Ann. Inst. Pasteur, 8, 231. 

Priestley, F. W. (1936) J. comp. Path., 49, 340. 

Badcliepe, j. N. (1879-80) ^th Bep. loc. Govt Bd, Med. OffV s Suppl., p. 1. 

Rbgamey, R. (1939) “ Les Infections humaines a B. bipolaris sepficus.^^ H. Huber, Berne. 
Report. (1899) German Plague Comm., Arb. BeichsgesundhAmt., 16, 1 ; (1901) Indian 
Plague Comm., 5, 181, H.M. Stat. Off. ; (1906) English Plague Comm., J. Hyg., Gamb., 
6,421; (1907) 7, 324 ; (1908) I6id., 8, 162 ; (1910) 10, 315 ; (1911) 11, 

Suppl. ; (1912) Ibid., 12, Suppl. : (1914) Ibid., 13, Suppl., p. 423 ; (1915a) Ibid., 14, 
Suppl., p. 770 ; (19155) Ibid., 14, Suppl., p. 774 ; (1915c) Ibid., 14, Suppl., p. 777 ; (1936) 
Rep.^Haffkine Inst., Bombay, Govt. Central Press; (1937) Ibid. 

Rice, J. P. (1926) Ann. Gong. Nat. vet. med. Ass. G.B.I., p, 67. 

Robertson, H. McG. (1923) Publ. Hlth Rep., Wash., 38, 1519. 

Robic, j. (1938) Bull. 8oc. Path, exot., 31, 690 
Rodier, W. (1926) Bull. Hyg., Bond., 1, 312. 

Saoeghbm, R. van. (1922) C. R. Soc. Biol., 86, 281. 

ScHiROP, H. (1908) Zbl. BaU., 47, 307. 

ScHUTZE, H. (1934) Brit. J. exp. Path., 16, 200 ; (1939a) Ibid., 20, 236 ; (19396) Lancet,^ i, 
266. 

SiMOND, P.-L. (1898) Ann. Inst. Pasteur, 12, 625. 

Smillib, W. G. (1920) J. infect. Dis., 27, 378. , 

SoKHEY, S. S. (1939) Indian J. med. Res., 27, 313, 321, 331, 341, 356, 363. 

SoKHEY, S. S. and Chitbe, G. D. (1937) Bull. Off. int, Hyg. publ., 29, 2093. 



165 ^ 


PJLAOVE, PAJSTEVMELLOSIS, AND P8EVD0TVBMBCVL08I8 


SoKHEY, S. S. and Maxjeioe, H. (1935) Bull. Off. int. Hyg. publ, 27, 1534. 
SwELLENGREBEL, N. H. and HoESEN, H. W. (1915) Z. Byg. InfektKr., 79, 436. 

Taylor, J. (1933) Indian J. med. Res., Mem., No. 27. 

Thompson, J. A. (1906) J. Hyg., Oamb., 6, 537. 

Topping, N. H., Watts, C. E., and Lillie, R. D. (1938) Publ. Hlth Rep., Wash., 53, 1340. 
Tschurilina, a. a. (1930) Z. Hyg. InfektKr., Ill, 198. 

Uhlenhuth, P. and Haendel, L. (1913) See Kolle & Wassermann’s Hdb. path. Mikroog.,” 
2te Abt., 1912-13, 6, 325. 

Uriaete, L. (1925) C. R. Soc. Biol., 92, 901. 

Velu. (1922) Maroc Medical, Aug. 15, No. 10. 

VoGES, 0. (1896) Z. Hyg. InfektKr., 23, 149. 

Wagle, P. M., Sokhey, S. S., Dikshit, B. B., and Ganapathy, K. (1941) Indian med, 
Gaz., 76, 29. 

Warner, C. E. (1914) J. Hyg., Gamb., 14, 360. 

Watson, N. E. (1925) Publ. Hlth Rep., Wash., 40, 1975. 

Wayson, N. E. and McMahon, M. C. (1944) Publ. Hlth Rep., Wash., 59, 385. 
Webster, L. T. (1924a) J. exp. Med., 39, 837, 843, 857 ; (19246) Ibid., 40, 109, 117. 
White, E. N, (1918-19) Indian J. med. Res., 6, 190. 

Williams, C. L. and Kemmerer, T. W. (1923) Publ. Hlth Rep., Wash., 38, 1873. 
Wright, J. (1936) J. Path. Bad., 42, 209. 

Wh Lien Teh. (1913) J. Hyg., Oamb., 13, 237 ; (1922) Ibid., 21, 62 ; (1924) Ibid., 22, 329. 
Yersin. (1894) Ann. Inst. Pasteur, 8 , 662. 

Yersin, Calmette, and Borrel. (1895) Ann. Inst. Pasteur, 9, 589. 

Zabolotny, D. (1923) Ann. Inst. Pasteur, 37, 618. 

Zagari. (1890) Zbl. Bakt., 8, 208. 

Zlatogoroee, S. j. (1904) Zbl. Bakt., 36, 569. 



CHAPTEE 74 

ACUTE EESPIRATOEY INFECTIONS 


One at least of the diseases dealt with in this chapter — epidemic influenza — would 
be more correctly placed among the virus diseases, and it is highly probable that 
the same applies to the common cold. Both these infections are, however, so 
closely connected from the clinical point of view with other respiratory diseases 
that it is convenient to take them out of their proper order. On the other hand, 
the virus pneumonias are better treated in Chapter 85, since the various agents 
supposed to be concerned in their causation must be discussed in relation to the 
lymphogranuloma-psittacosis group of filtrable viruses. 

The Common Cold 

Studies that have been recorded in recent years, and particularly those of 
Dochez and his colleagues (Shibley, Mills and Dochez 1929, Dochez, Shibley and 
Mills 1930, Dochez, Mills and Kneeland 1931^^, 6, 1932, 1933, 1936) have greatly 
strengthened the view advanced by Poster (1917) that the infectious common cold 
is a virus disease (see also Long et al. 1931, Powell and Clowes 1931). 

Since we have as yet no satisfactory evidence that any of the ordinary laboratory 
animals are susceptible to infection with this virus, resort has been made to the 
higher apes, or to human volunteers ; and this has seriously limited the scope of 
the experiments. One of the great difficulties that has to be overcome in work 
of this kind is to eliminate the risk of natural contact infection. 

Dochez, Shibley and Mills (1930) recorded the transmission of the common cold 
to anthropoid apes, and to human volunteers, by the intranasal instillation of filtered 
washings from cases of the disease. Long and others (1931), using human volun- 
teers, succeeded in several instances in inducing an acute cold with filtered nasal 
washings, and in transmitting it from one subject to another in series. Dochez, 
Mills and Kneeland (1931a, b) recorded the cultivation of the virus in Tyrode solution 
containing minced chick embryo, and the production of a cold in two of three 
volunteers with a fifteenth subculture (see also Dochez, Mills and Kneeland 1936) ; 
and Powell and Clowes (1931) have recorded similar findings. • 

It is probable that many points in the problem of the aetiology. of the common 
cold— the existence of one or more types of virus, the relation of the cold virus 
to the influenza virus, and so on— will await the discovery of a more convenient 
experiinental animal than man, or the anthropoid ape. In the meantime we are 
justified in accepting the view that the infectious common cold is a virus disease, 
at least as the best working hypothesis ; and, for this reason, earlier observations 
that sought to trace a causal relationship between various bacterial inhabitants 
of the nasopharynx and this particular disease have become of minor interest, 
and may be briefly summarized. 
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The available records are indeed by no means consistent (see Williams, Kevin and 
Gurley 1921, SMbley, Hanger and Dochez 1926, Noble, Fisher and Brainard 1928, Shibley, 
Mills and Dochez 1929, Burky and Smillie 1929). Taking them as a whole it may fairly 
be said that they fail to establish any case for a consistent significant change in the bacterial 
flora of the nasopharynx in association with the onset of an acute cold. 

In an investigation undertaken in Manchester during the period 1926-28 (see Report 
1930) a nasopharyngeal swab was taken each month from 100 persons who volunteered 
to assist in the inquiry. Additional swabbings were taken from these persons whenever 
they contracted a cold. Data were thus available for a considerable number of swabbings, 
taken from the same persons at times when they were suffering from a cold, and at other 
times when they were not. The figures referring to the frequency of H . mfluenzm, haemolytic 
streptococci and the pneumococcus, are set out in Table 157. They refer only to those 
persons who contracted a cold during the period of observation ; and they do not include 
the results obtained in cases which, on clinical grounds, were diagnosed as influenza. 


TABLE 157 



With Colds (110 Svrabs). 

Without Colds (1,781 Swabs). 

Number +. 

Per cent, -j- . 

Number +. 

Per cent. + • 

H. infiuenzcB .... 

62 

47*27 

984 

56*85 

Hsemolytio streptococci . 

19 

17*27 

229 

13*23 

Pneumococci .... 

30 

27*27 

446 

26*77 


It will be noted that, while pneumococci and haemolytic streptococci were slightly more 
frequent in those that had colds, than in those that had not, the difference is slight and 
insignificant ; H, influenzce was more frequently isolated at times when no sign of a cold 
was present. It should be added that most of these colds were trivial ; and it is probable 
that the factors of type and severity of infection are largely responsible for the divergent 
findings recorded by different workers. The “ common cold ” is, in fact, a disease that 
is impossible to define on clinical grounds. In a later investigation in London (Straker. 
HiH and Lovell 1939) no difference was found in the incidence of pneumococci, haemo- 
lytic streptococci, and Pfeiffer’s influenza bacilli between normal persons and patients 
suffering from a cold. Pneumococci and influenza bacilli, however, tended to be slightly 
more frequent a week after the onset of a cold than at the beginning. It is probable 
that these organisms are often responsible for muco-purulent inflammation of the nasal 
mucosa and the adjacent sinuses. In the particular case of the influenza bacillus, Dochez, 
Mills and Kneeland (1932) have noted the replacement of the ordinary “ rough ” type 
by the “ smooth ” virulent type of Pittman (see Chapter 33) following the induction 
of acute colds in apes with a filtrable virus. 

Prophylactic Iimnunizatioii against the Common Cold. 

No- virus-containing preparation is as yet available for active immunization. 
In view of what has been said above we should not expect that the injection of a 
bacterial vaccine, containing pneumococci, influenza bacilli, haemolytic streptococci 
and so on, would have any effect on the incidence of colds, since the causal organism 
is not included in it. There is scarcely more, reason to suppose that it would 
in any way diminish the severity of colds or lessen the chances of secondary infection, 
since the bacterial species of which it is composed are antigenically highly hetero- 
geneous, and only a few arbitrarily selected types of each species can be included. 
The results of adequate clinical trials are in accord with immunological expectations. 
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Von Shelly and Park (1921), using a mixed vaccine of the ordinary type, inoculated 
1.327 persons and kept them under observation, together with 3,025 uninoculated controls 
from September 1919 to May 1920 ; during this period 57-7 per cent, of the inoculated 
and 38-2 per cent, of the uninoculated developed colds. Jordan and Sharp (1921) observed 
448 inoculated persons and 461 uninoculated controls from November 1919 to June 1920 ; 
54*9 per cent, of the inoculated and 51-6 per cent, of the uninoculated developed colds'. 
Ferguson, Davey and Topley (1927) observed 138 inoculated persons and 148 uninoculated 
controls from November 1924 to May 1925; 78-3 per cent, of the inoculated and 70-3 
per cent, of the unmoculated developed colds. Brown (1932) observed 80 inoculated 
persons and 82 uninoculated controls from November 1929 to June 1930 ; the inoculated 
contracted 1-85 colds per person during this period, the uninoculated 2-17. Further 
mass immunization trials with vaccine given subcutaneously, orally or intranasaliy have 
been recorded by other workers (Diehl, Baker and Cowan 1938, Siegel et al 1943, McGee 
et al. 1944, Cowan and Diehl 1944, Hague 1944— see also Report 1944c)— Ukewse with 
negative results. It is most unfortunate that countenance should be given to the use 
of a vaccine so clearly devoid of protective power, and all those concerned with public 
health should set their faces resolutely against a practice which, though financially profitable 
for the makers of the vaccine, is without any scientific support. 

With very few exceptions, the results of properly conducted trials are equally un- 
favourable to the suggestion that immunization with an “ anticatarrhal ” vaccine diminishes 
the severity of colds, or lessens the frequency of secondarv infections. 

It may be added for the sake of historical interest that the preparation patulin, a 
product of the mould PeniciUiuTn patulurrij which was introduced for the treatment of 
colds (see Raistrick 1943, Gye 1943, Hopldns 1943), was found, when submitted to a 
carefully controlled trial, to be without therapeutic effect (Report 1944a). 


Epidemic Influenza 

• The recent solution of the problem of the aetiology of influenza by Laidlaw 
and his colleagues (see Smith, Andrewes and Laidlaw 1933) will certainly stand as 
one of the important landmarks in the history of preventiye medicine. 

This disease has presented the epidemiologist with one of his most fascinating 
and provoking problems. It has a long and puzzling history ; and, within recent 
years, it bas been the reigning killing disease of adult life ; nor is there any likelihood 
that its reign will end apart from some effective method of prophylaxis. The 
pandemic of 1918-19 was one of the great pestilences of mankind, destroying more 
lives in a few months than did the Great War in 4 years. Those who are interested 
in that pandemic and in the lessons to be learned from it may be referred to the 
report issued by the Ministry of Health (Report 1920). We may note that influenza 
is one of those diseases that seems to confer only a transitory immunity, in the 
sense that repeated attacks are common. We may also note that its epidemio- 
logical study has, up to the present time, been rendered unusually difficult by the 
lack of precision in its clinical diagnosis. There is little difficulty in telling when 
we are faced with an epidemic of influenza; but sporadic cases, and even minor 
outbreaks, of acute febrile diseases are very apt to receive this particular label 
without any very definite reason. The clinical syndrome that justifies a diagnosis 
of influenza is, indeed, singularly difficult to define (see Stuart-Harris et al. 1938). 
It is probable that, with the knowledge we now possess, the clinician and bacteri- 
ologist between them will be able to place this problem on a far more satisfactory 
footing. 
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The iEtiology of Influenza. 

In view of our present knowledge the long controversy as to whether epidemic 
influenza was, or was not, caused by H. inflmnzce, described by Pfeiffer in 1892, 
has lost all but historical interest. 

Those interested may be referred to the monograph by Kristensen (1922). We may 
summarize the extensive bacteriological literature by noting that, while there is ample 
evidence that the influenza bacillus is very frequently present in the nasopharynx of those 
suffering from the disease (see for instance Pritchett and Stillman 1919, McClelland 1919, 
Park 1919, Duval and Harris 1919, Schorer 1919, Medalia 1919, Dick and Murray 1919, 
McIntosh 1922), and though its distribution in the tissues, as revealed by post-mortem 
examination, makes it clear that it often plays a part in the disease as it appears in 
man (see Fildes and McIntosh 1920, McIntosh 1922), its curious absence in certain epi- 
demics, particularly in the summer of 1918, had raised serious doubts as to its primary 
fetiological role before the view that influenza was a virus disease had been clearly 
established (see Mandelbaum 1918, Selter 1918, Messerschmidt et al. 1919, Loichtentritt 
1918, Kristensen 1922). 

The virus theory of influenza was, of course, held quite widely as a possible 
working hypothesis, before the problem was attacked by Laidlaw and his colleagues, 
and there had been occasional reports of the transmission of an influenza-like disease 
to apes or to human volunteers with filtered washings from influenzal patients ; 
but none of these experiments was on such a scale as to establish any definite 
conclusion. 

The most important contribution to the influenza problem, prior to the original 
report of Smith, Andrewes and Laidlaw (1933) was the work of Shope on influenza 
in swine, and this will be considered in a later section. 

In view of their great importance the observations of Laidlaw and his colleagues 
must be discussed in some detail. 

In their original communication Smith, Andrewes and Laidlaw (1933) showed 
that a characteristic febrile disease could be induced in ferrets by the intranasal 
instillation of filtered nasal washings from a human case of epidemic influenza. 
This disease was transmissible in series, from ferret to ferret, either by natural 
contact or by the intranasal instillation of filtered material. Ferrets that had 
recently recovered from the disease were resistant to re-infection, and their serum 
contained protective antibodies in high concentration. In this report it was also 
noted that Shope’s swine influenza virus produced in ferrets a disease indistinguish- 
able from that produced by the human virus, and that there appeared to be an 
immunological relationship between the two types. These observations were later 
confirmed and extended (see, also, Shope 1935, Francis and Shope 1936). Shope 
(19346), who had successfully repeated the experiments of Smith, Andrewes and 
Laidlaw, found that the swine influenza virus when injected intranasally into ferrets 
under ether anaesthesia produced pneumonic lesions in the lungs, and Andrewes, 
Laidlaw and Smith (1934), using a similar technique, were able to induce a fatal 
pneumonia in mice, with both the human and swine viruses. Francis (1 934) isolated 
a strain of the human virus from cases of influenza in Puerto Kico, and this virus 
and other strains isolated later in New York and Philadelphia were found to be 
immunologically identical with the original English strain, and with other strains 
isolated in England during the winter and early spring of 1934-35 (Laidlaw 1935, 
Andrewes, Laidlaw and Smith 1935, Francis and Magill 1935a). An immuno- 
logically identical virus has since been isolated from epidemics of influenza in 
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Australia (Burnet 1935a), Alaska (Pettit, Mudd and Pepper 1936), and other 
parts of the world (see Mote 1941). This virus is now generally referred to as 
the influenza A virus. Failure to find it in some outbreaks led to the suspicion 
that more than one type of virus might exist. Variants of the A virus were 
described by Magill and Francis (1936) ; and later, Magill (1940) and Francis 
(19406) independently discovered a new type, antigenically distinct, which is now 
known as influenza B. There is reason to believe in the existence of at least one 
more type, since Lennette and his colleagues (1941), in a study of 19 separate 
outbreaks of influenza, could find no evidence of either A or B virus in over 30 per 
cent, of the cases examined. 

Laidlaw (1935) suggests that the swine influenza virus may represent the 1918-19 
human virus which has become accHmatized to swine. This tentative hypothesis is based 
in part on the proved im m unological relationship, but not identity, of the two viruses, 
in part on the fact that, while neutralizing antibodies to the human virus were found 
in most human sera, antibodies to the swine influenza virus were regularly present in adult 
human sera, but were wholly absent from the sera of a small sample of children (Andrewes, 
Laidlaw and Smith 1935). Similar observations have been recorded by Francis and 
Magill (1936), and by Shope (1936). The correctness of Laidlaw’s interpretation is rendered 
doubtful by the finding that influenza A virus can give rise to antibodies against the swine 
influenza virus, and that a similar age distribution of antibodies as that found 15 years 
after the 1918-19 pandemic seems to exist at the present time (Horsfall 1943). 

The evidence in favour of the virus causation of influenza has been summarized 
by Andrewes (1937). Considerable difdculty has been experienced in the repro- 
duction of the disease in man with laboratory strains of the A type of virus. Suc- 
cessful results have been obtained, but only irregularly. One reason for this 
may be that many adults contain neutralizing antibodies in their serum. The 
higher the antibody titre, the greater, on the whole, is the resistance of the subject 
to infection, though it is clear that other factors influence the result (see Horsfall 
1943). Resistance to Type B seems to be less general ; and in one trial Francis 
and his colleagues (1944) appear to have been able to reproduce the disease in 
practically every subject tested. ^ ^ ^ 

How influenza infection is kept going from one epidemic to another is doubtful, 
but there is some evidence to suggest that chronic carriers may exist (Taylor 
and Dreguss 1940). 

Properties of the Virus.—There has been some dispute over the size of influenza 
A virus. Elford, Andrewes and Tang (1936), using the gradocol membrane 
technique, found it to fall between the limits of 80 and 120 mp ; .and Elford and 
Andrewes (1936), using the centrifugation technique, estimated it at between 87 
and 99 m/^. Chambers and Henle (1943), however, concluded from centrifugation 
experiments that it was only 10 m/^ in diameter. Stanley (1944), who studied 
the reason for this discrepancy, showed that the behaviour of the influenza virus 
in dilute solutions of electrolyte was variable, and he brought evidence to show 
that the real size was probably about 70 mfx. Taylor and his colleagues (1943), 
as the result of centrifugal separation of Virus A, confirmed Elford and Andrewes’ 
observations, finding the mean particle size to be 77*6 mu. This estimate is 
' identical with that reached by Sharp and his colleagues (1944), who examined 
the A virus by the electron microscope, and concluded that the particles were 
kidney-shaped and had a mean diameter of 77-6 m^. Lauffer and Stanley (1944), 
however, obtained a value by the electron microscope method (Fig. 291)- of 
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Fm. 291. — ^Electron micrograph of 
influenza virus Type A ( X 17,750), 



(Kindly supplied by Dr. W. M. Stanley.) 


115 m/jL, and by tbe centrifugation technique 
of 80 m/u. They regard the discrepancy be- 
tween these two findings as due to a high water 
content of the virus particles, and they suggest 
that the real value is about 100 mjn. The B 
virus was found by Sharp and his colleagues 
(1944) to be circular or ovoid in shape, and to 
have a mean particle diameter of 97-3 m/^. The 
swine influenza virus, according to Taylor and 
his colleagues (1944), resembles in size Virus A, 
being about 78-81 m/u in diameter. 

The virus can be grown in tissue culture 
(Francis and Magill 19355), and on the chorio- 
allantoic membrane of the developing chick 
embryo (Burnet 19356). Though these obser- 
vations were made on strains adapted to the 
mouse or the ferret, success was later recorded in 
direct culture experiments from human material. 
It is interesting to note that inoculation of the 


chick embryo with Virus A interferes with the growth on subsequent inoculation 
of Virus B or the swine influenza virus. Any one of these three viruses, in fact, 
prevents the growth of either of the other two — subject to certain time and quali- 
tative relationships (Ziegler and Horsfall 1944, Ziegler, Lavin and Horsfall 1944) 


(see also Chapter 55, p. 1236). 


The antigenic structure of the influenza virus is still the subject of detailed observa- 
tion. The A and B viruses are antlgenically distinct, but within each type there appears 
to be considerable heterogeneity (see Mote 1941). Variants of the A virus have been 
described by Magill and Francis (1936), MagiU and Sugg (1944), and Friedewald (1944), 
and variants of the B virus by Eaton and Beck (1941) and Gordon (1942). Some of 
the T3rpe A strains seem to be related more closely to the British swine influenza viruses 
than, to the American swine influenza virus (Glover and Andrewes 1941, Hudson et al. 
1943). According to Burnet (1942), the human virus, though not antigenically related 
to the Newcastle disease virus of chicks, nevertheless behaves like it in many respects. 
Studies have revealed the existence of two antigenic fractions in the influenza virus: 
(a) a fraction intimately associated with the virus particle and readily adsorbed by fowl 
red blood corpuscles, and (b) a soluble fraction which remains in the supernatant fluid 
of centrifuged suspensions, and which is not adsorbed by red corpuscles. The body 
antigen appears," by the complement-fixation test, to be more specific than the soluble 
antigen (see Lennette and Horsfall 1940, Friedewald 1943). 

According to Knight and Stanley (1944), the purified virus is inaotivated promptly 
by 6 per cent, phenol, in a week by 0*6 per cent, phenol, and in a month by OT per cent, 
phenol. The effect of other disinfectants has been studied by Dunham and MacNeal 
(1944). 

A most interesting property of both types of influenza virus — also shared by the New- 
castle disease virus of chickens (Burnet 1942) — ^is their ability to agglutinate the red 
blood corpuscles of fowls and certain mammals (Hirst 1941, 1942, Hirst and Pickcls 1942). 
Provided the strains are fresh and fully pathogenic, the agglutination titre runs parallel 
to the mouse lethal titre. Agglutination is inhibited specifically by immune serum, the 
degree of inhibition affording an index to the ability of the serum to neutralize virus. 
The test can therefore be used diagnostically for detecting the presence either of virus 
or of antibodies (see also MiUer and Stanley 1944). 
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Burnet and Bull (1943) found that freshly isolated strains of Virus A agglutinated 
guinea-pig red corpuscles to a much higher titre than fowl corpuscles, but that 
after passage in series through chick embryos they agglutinated both types of 
corpuscles to much the same extent. Other changes likewise occurred as the 
result of passage, closely reminiscent of variation in bacterial cultures. Observa- 
tions suggested that the degree of agglutination of the red corpuscles of a particular 
species of animal, including man, afforded a good index of the degree of susceptibility 
of that species to infection. 

Diagnosis. — The laboratory diagnosis of influenza is made by demonstration 
of the virus in the nasopharynx, or of complement-fixing or neutralizing anti- 
bodies in the blood serum. The presence of the virus may be established by 
the injection of gurglings or sputum, taken during the first two or three days of 
the disease, into the nose of a ferret. If virus is present, the animal develops 
a febrile illness after about 48 hours, accompanied by rhinitis. Passage of the 
virus through ansesthetized ferrets results in the production of pneumonia, which 
is often fatal. Alternatively, the nasopharyngeal washings of the patient may 
be injected intranasally into mice or into the amniotic sac of the developing chick 
embryo. Neither of these methods, however, is reliable, since many strains of 
virus fail to produce obvious lesions on first inoculation. Complement-fixing 
or neutralizing antibodies may be demonstrated in the patient’s serum within 
about a week of the beginning of the disease. By the use of suitable control 
strains and sera the type of infecting virus to which neutralizing antibodies have 
appeared may often be determined by the intraperitoneal injection of mice. It 
must be remembered, however, that there is considerable antigenic variation 
among different strains, and clear-cut results are not always obtained (see, for 
example, Magill and Sugg 1944). 

Immunization. — The problem of immunization against the influenza virus is 
clearly of primary importance. If we could induce an effective active immunity 
in man we should be in a position to eliminate the disease, or reduce it to negligible 
proportions. It is possible that passive immunization, by the injection of an anti- 
body-containing serum, might exert some* therapeutic effect in an established case ; 
but this method, even if successful, should clearly be regarded as a second and 
subsidiary line of defence. 

According to the observations of Smith, Andrewes and Laidlaw (1935), ferrets 
that have recovered frona an attack of the virus disease are, for a time, completely 
resistant to infection. This solid immunity persists for about 3 months, and then 
gradually wanes. Ferrets with a waning immunity still show the presence of 
protective antibodies in their blood, although the nasal mucosa has become sus- 
ceptible to re-infection; and, when it is re-infected, the circulating antibodies 
fail to protect the animal against a general febrile reaction. The position in 
regard to active immunization, apart from the production of an attack of the 
disease, is curious and interesting. The ferret is not susceptible to the injection 
of the living virus otherwise than by its intranasal instillation or by some other 
method of introduction directly into the respiratory tract. Animals inoculated 
subcutaneously, intradermally, intraperitoneally, intramuscularly, intxatesticularly 
or intracerebrally show no sign of illness. Such injections, particularly if frequently 
repeated, lead to the appearance of protective antibodies in the circulating blood ; 
but the appearance of these antibodies is not associated with any effective resistance 
to infection by the intranasal route. This clearly suggests that the local con- 
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ditions in tlie nasal mucosa are of predominating importance. TMs is borne out 
by tbe observations of Burnet, Lush and Jackson (1939) and of Francis (194:0a), 
wbo have demonstrated tbe presence in tbe serous nasal secretion of normal human 
beings of an agent capable of neutralizing tbe influenza A virus. According to 
Francis, this substance appears to be none other than specific neutralizing antibody, 
but whether it is derived wholly from tbe serum antibody is still doubtful. So 
far, attempts to induce immunity by tbe intranasal injection of killed or inactivated 
virus have failed, though the direct instillation of antibody into the nose has 
been shown to be of greater protective value in mice than much larger quantities 
injected into the blood stream (see Horsfall 1943). 

If a ferret that is in the stage of waning immunity is injected subcutaneously 
with living virus, its immunity may be reinforced, so that it becomes again com- 
pletely resistant to intranasal infection. Immunization by the subcutaneous 
route is not therefore completely without effect ; and this is also shown by the 
fact that the injection of living or formolized virus into normal ferrets, although 
it induces no effective immunity to re-infection by the intranasal route, lessens 
the frequency of lung lesions. A similar effect may be observed in mice. From 
animal experiments, therefore, it would appear that the most that has yet been 
accomplished on the lines of active immunization is the production of a partial 
immunity of a relatively low grade. 

Numerous attempts have now been made in man to vaccinate against influenza 
(Francis and Magill 1937, Stokes et al 1937, Horsfall et al. 1941a, 6, Hirst el al. 
1942, Burnet 1943, Henle et al, 1943, Francis et al. 1943, 1944, Report 1944). Virus 
inactivated by a variety of methods gives rise to the same specific antibodies as 
living virus. The rise in antibody titre after vaccination seems to be related to 
the pre-vaccination titre of existing antibodies as well as to the dose and quality 
of the vaccine. In general, the higher the antibody titre at the time of exposure 
to infection, the greater is the degree of resistance ; though it is clear that the 
antibody titre is only one factor in determining this result. Since repeated attacks 
of influenza may occur under natural conditions, it is hardly to be expected that 
more than a partial degree of transient immunity is likely to result from vaccina- 
tion. This has been strikingly demonstrated by Francis and his colleagues (1944), 
who were able to produce two attacks of influenza within 4 months in human 
subjects inoculated intranasally with the same living strain of Type B virus. The 
second attacks were less severe than the first, but the fact that they occurred 
at all showed that the increased resistance following the first attack was relatively 
slight. If immunity even to the same type of virus is weak and transient, then 
protection against numerous different antigenic variants may prove very difficult 
to achieve. 

In practice it may be found more expedient and economical to wait till an 
influenza epidemic has started, to determine the type of infecting virus, and then 
to inoculate the population at once with the corresponding vaccine. Antibodies 
are known to reach a high level within two weeks of inoculation, so that this 
method might succeed in lowering the case morbidity, even though it was given 
too late to protect those smitten early in the outbreak (see Hirst, Rickard and 
Friedewald 1944). (For preparation of influenza virus vaccine, see Stanley 1945.) 

In regard to passive immunization, it has proved possible to produce an anti- 
influenzal horse serum that contains neutralizing antibodies to relatively high titre 
(see Laidlaw, Smith, Andrewes and Dunkin 1935). This serum, when injected 
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intraperitoneally into mice in relatively large doses, significantly increases tlieir 
resistance to tlie intranasal injection of virus, under liglit ether anaesthesia, 45 
minutes later. It also leads to a reduction in percentage mortality when injected 
intravenously or intraperitoneally into mice 24-48 hours after the intranasal 
instillation of virus. Better protection can be obtained with much smaller doses 
injected intranasally prior to nasal infection. Apparently successful attempts 
to prevent the development of influenza in human beings during an epidemic 
by inhalation of vaporized antiserum have been recorded by Smorodinzew and 
his colleagues (1940), but it is as yet too early to say whether this method will 
prove of value in practice. 

In the past many attempts have been made to induce an immunity to influenza 
by the injection of a vaccine containing H, inJiicenzcB. Clearly, such a procedure 
has no scientific justification and it is sufficient to note that, here again, adequate 
field trials are in accord with immunological expectations (see von Sholly and Park 
1921, Jordan and Sharp 1921). Por recent studies and reviews on influenza, see 
Stuart-Harris et al. (1938), Mote (1941), Horsfall (1943), and Stuart-Harris (1945). 

Swine Influenza 

We have referred above to Shope’s observations on swine influenza (see Shope 
1931«, b, 1932, 1934a, b, 1935, Lewis and Shope 1931). This disease first appeared, 
or was first recognized, in the United States in the autumn of 1918. It occurred in 
epidemic form in close association with the human pandemic of influenza, and it 
was at once suggested that there was some causal relation between them. 

Shope (1931a, b) was able to show that the swine disease, in its characteristic 
clinical form, was caused by the associated effects of a filtrahle virus and a heemo- 
philic bacillus, closely resembling the human influenza bacillus, to which he gave 
the name of H. injluenzce~sms (see Chapter 33). The virus alone caused a 
relatively trivial infection, unassociated with the pulmonary complications of the 
natural epidemic disease. The bacillus alone caused no detectable illness. As in 
the infection of ferrets with human influenza virus, the swine virus must be injected 
intranasally in order to produce any symptoms of disease ; injected intramuscularly 
it has no effect, either in inducing the mild virus disease or in rendering the animal 
sensitive to the intranasal instillation of H, influenzce-suis (Shope 1932), The 
intramuscular injection of the virus does, however, render swine immune both 
to the mild virus disease and to the severe disease caused by the associated effect 
of the virus and the hsemophihc bacillus. Injections of E. injlumzm-suis, on the 
other hand, induce no immunity either to the virus or to the combined action of the 
virus and bacillus (Shope 1932). Inoculated into the developing chick embryo, 
the virus, in association with H. infiuenzcB-s'niSy gives rise to a mortality several 
times that caused by either agent alone. The two together cause destruction of 
the embryo lungs (Bang 1943). 

As noted above, Shope (19346) has shown that the swine virus, acting alone, will 
produce in ferrets a disease that is indistinguishable from that produced by the 
human influenza virus. He has also (Shope 1935) transmitted the virus to mice. 
The immunological relationship of the human and swine viruses, and its possible 
significance, have been discussed above. Antigenically, the American swme 
influenza virus strains appear to be homogeneous, whereas the British strains 
differ not only from the American strains, but to some extent from each other. 
They appear to occupy a position in some ways intermediate between the American 
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swine strains and tlie human Type A strains of influenza virus (Glover and Andrewes 
1941). 

The epidemiology of swine influenza has been illuminated by the studies of 
Shope (1941, 1943a, 6). The disease tends to break out more or less simultaneously 
among separated herds of swine during the last three months of the year, particu- 
larly after some change in the weather, suggesting that the swine are already 
infected with the virus, but that some circumstance is needed to activate it. Shope 
has brought evidence to show that swine lungwonns — Metastrongylus elongatus 
and Choerostrongylus 'pudendotectus — play an important part in the propagation 
of the disease. Lungworms taken from sick or from convalescent swine have 
been found to carry the virus, though in a masked form. The infected ova are 
coughed up by the pig and excreted in its faeces. They are swallowed by earth- 
worms, in which they pass through three larval stages. The third stage is infecth 
for swine. If the earthworm is then eaten by a pig, the larvae penetrate tk 
intestinal mucosa and migrate to the respiratory tract by way of the lymphatics 
and blood stream. After two further developmental stages, they finally become 
adult lungworms and occupy the bronchioles at the base of the diaphragmatic 
lobes. If infected earthworms are fed experimentally to swine, nothing happens ; 
but if the animals are given multiple inoculations intramuscularly of living E. 
influenzcB-suiSy some of them develop typical influenza — provided the experiment 
is carried out during the winter. Both the lungworms and the earthworms may 
remain infected for several months. The infected earthworms are probably eaten 
by swine at the time of the late spring and early autumn rains, when the worms 
come to the surface of the soil. The pig becomes infected in this way with the 
virus — still in the masked form. If at the time H. influenzce-suis happens to be 
present, then it requires only some circumstance, such as a climatic or physical 
change — perhaps some weeks or months later — to activate the virus, allow it to 
penetrate the cells of the respiratory tract, and give rise to typical influenza. 

Influenza in other Animals. 

There are several other animal diseases, occurring in sporadic or epidemic form, to 
which the label “ influenza ” has been attached ; “ horse influenza ” is an example. In 
the particular instance of the horse disease there is suggestive, if not conclusive, evidence 
that it is caused by a filtrable virus ; and it is altogether probable that we shall find that 
several animal diseases are in fact due to infection with a virus of the influenzal type 
(see Discussion 1935). There is evidence, for example, that the disease of calves variously 
referred to as infectious pneumonia, calf influenzal pneumonia, and perhaps sometimes 
as scours, is due to a virus infection. The disease is widespread in Great Britain and 
in certain parts of the United States. It is characterized by fever, pneumonia, and in 
the later stages diarrhoea. The case mortality may be as high as 50 or 60 per cent. 
Animals killed at the height of the disease show a catarrhal enteritis and a broncho- 
pneumonia. The disease can be transmitted by ground-up lung suspensions that have 
been filtered through a Berkefeld N candle or a Seitz EK disc (Lament and Kerr 1939, 
Baker 1943). Baker has been able to transmit the infection to mice, and to reinfect calves 
with the pneumonic lungs of these animals. Calves that have recovered contain neutra- 
lizing antibodies in the blood serum. 

Whooping Cough 

. £r. pertussis, the causative organism of this disease, was first isolated and 

described by Bordet and Gengou (1906) (see Chapter 33). Its setiologioal role is 
shown by the following observations. It can be isolated in the great majority 
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of cases during tlie first 2 weeks of the disease by the cough-plate or post-nasal 
swab method, dr from the lungs at autopsy. It has seldom been demonstrated 
in normal persons, possibly because of the difficulty of detecting it when present 
in only small numbers. In the later stages of the disease and during convalescence 
specific antibodies make their appearance in the blood. 

It may be added that Macdonald and Macdonald (1933) record the experimental pro- 
duction of whooping cough in two children with a culture of H. 'pertussis, and that Shibley 
and Hoelscher (1934) have reported the successful reproduction of the disease in the 
chimpanzee. A mild disease can be reproduced in rhesus monkeys {M. inulattd) by intra- 
nasal or intratracheal inoculation, and the organisms can be recovered from the lungs if 
the animals are killed within the following two weeks (North al. 1940). The infections 
produced in ordinary laboratory animals, which bear no resemblance to the disease in 
man, are described in Chapter 33. 

Whooping cough is mainly a disease of infancy and early childhood. Half 
of the deaths occur during the first year of life. Since the middle of last century 
the mortality of the disease has fallen greatly both in this country and in the 
United States (see Stocks 1942, Hauer 1943). The incubation period varies, 
but is round about 10 days. The duration of the catarrhal stage is usually about 
11 days. The patient is infectious chiefly during this stage and to a less extent 
during the first week of the paroxysmal stage (see Lawson 1933). 

Diagnosis. 

The clinical diagnosis of whooping cough is often difficult and confirmation 
may be sought from the laboratory. During the catarrhal stage there is usually 
a leucopenia, but this changes during the paroxysmal stage to a leucocytosis with 
an absolute and relative lymphocytosis. The constancy of these findings is under 
dispute, but blood changes may be of help in cases seen too late for cultural methods 
to be of value. 

Cultural. — As has been stated, H, pertussis can almost always be isolated from 
the sputum during the early stages of the disease (see Wollstein 1909, Chievitz 
and Meyer 1916). For several years the cough-plate method has been extensively 
used for diagnostic purposes, and has given satisfactory results. The patient is 
induced to cough directly on to a plate of Bordet-Gengou medium, and this 
is examined for the characteristic colonies after 48-72-hours’ incubation (see 
Chapter 33). 

Among reports on results obtained by this method are the following. Madsen (1925), 
in 914 cases, records 75 per cent, of positive isolations during the initial catarrhal stage, 
61 per cent, during the 2nd week, 45 per cent, during the 3rd, 40*5 per cent, dming the 
4th, and 9 per cent, during the 5th. Sauer (1933c), in 400 cases, records 88 per cent, of 
positive isolations in the early catarrhal stage, 64 per cent, in the paroxysmal stage, and 
none in the late stages. Gardner and Leslie (1932), in 47 cases, record 67-75 per cent, 
of positive results in the first 3 weeks, 26 per cent, in the 4th and none thereafter. Kendrick 
and Eldering (1934), in 207 oases, record 78-84 per cent, of positive results during the 
first 3 weeks, 39 per cent, in the 4th and none in the 6th (see also Sugare and McLeod 
1929, Sauer and Hambrecht 1930, Kristensen 1933, Straker and Westwater 1937, Donald 
1938). It may be added that Kristensen (1933) records his failure to isolate H, pertmsis 
from 600 healthy persons, and from 202 persons suffering from other respiratory diseases. 
Among 301 contacts, H. pertussis was isolated in 9 instances, and all these 9 persons 
subsequently developed whooping cough. Kendrick and Eldering (1934) and Wilcox 
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(1934) also record their failure to isolate the bacillus from any condition other than whooping 
cough. 

More recently the post-nasal or nasopharyngeal swab has been introduced 
to avoid some of the inconveniences of the cough-plate method. Cultures from 
the swab are liable to be overgrown by other organisms, but if the swab is streaked 
on to a Bordet-Gengou plate over which a few drops of a suitable strength 
of penicillin have been spread, a high proportion of successful isolations may be 
achieved. Since Maclean (1937) first described this method, numerous observers 
have confirmed its value. 

American workers (Bradford and Slavin 1940, Brooks and Bradford 1942, Miller et al. 
1943) have used a very fine swab passed through the anterior nares till it reached the 
pharynx. In this country a bent swab passed through the mouth and up behind the 
soft palate has been preferred (Cruickshanlc 1944). Our own experience favours the latter 
method. In comparisons made by these different workers between the cough-plate and 
the swab methods, the results were consistently better when swabs were used, though 
a combination of the two methods gave the highest proportion of positive results. 

Serological Tests. — The demonstration that specific complement-fixing anti- 
bodies appeared in the blood was first made by Bordet and Geiigou (1906, 1907). 
The antigen employed is a suspension of H. pertussis. 

These observations were con&med by Winholt (1915) and by Chievitz and Meyer 
(1916), who showed that the reaction first becomes positive in the 3rd or 4th week, 
the proportion of cases reacting positively increasing up to the 8th or 10th week. 
The reaction usually becomes negative again in the course of a few months. Similar 
observations have since been reported by many observers (see Madsen 1925, Gundel 
and Schltiter 1933a, 5, Donald 1938). There is general agreement that a small 
proportion of cases fail to develop a positive reaction at any stage in the disease. 

Besides complement-fixing bodies, agglutinins appear in the serum. Their presence 
is best detected hy a slide technique using hving cultures of Phase I organisms. Evans 
and Maitland (1939), who compared the two methods, obtained a higher proportion of 
positive results by agglutination than by complement fixation. 

A skin test has been recommended by Strean (1940) and by Smolens and Mudd (1943) 
for the diagnosis of susceptibility to infection (see also Strean and Grant 1940). The 
toxin is prepared by aqueous extraction of the frozen and thawed organisms or by acid 
extraction of a fresh culture. The value of this test is still in doubt. 

It will be seen, therefore, that attempted cultivation by the cough-plate or 
the nasopharyngeal swab method is the diagnostic method of choice during the 
early stage of the disease, and before the characteristic paroxysmal cough has 
developed. It is at this stage tfat a bacteriological method of diagnosis is most 
helpful. In those cases in which the diagnosis remains in doubt for 3-4 weeks 
both cultural and serological tests may be employed. Where a laboratory diag- 
nostic method is sought in a case of more than 4 weeks’ standing the complement- 
fixiation or agglutination test should be used. 

Prophylactic Vaccination against Whooping Cough. 

Reference to Chapter 33 will show that H. pertussis is antigenically of a 
single type. The conditions are, therefore, particularly favourable for active 
immunization with a vaccine of this organism. It has been noted, however, in the 
same chapter that this organism is very liable to undergo variation in the laboratory, 
and that the variant strains are of low virulence for laboratory animals and fail 
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to produce an effective immunity (see LesUe and Gardner 1931). It is therefore of 
the greatest importance that strains used for immunization should be fully virulent 
(Phase I of Leslie and Gardner) ; and the fact that this necessity has not always 
been allowed for must be borne in mind in assessing the published records of im- 
munization in the field. Among the large-scale trials that have so far been reported 
are the following : 

Madsen (1933) records trials made in the Faroe Islands during an epidemic in 1923-24-, 
and in another epidemic in 1929. In the first epidemic the experience of 2,094 vaccinated 
subjects was compared with that of 627 unvaccinated controls. The incidence of the disease 
was the same in the vaccinated and unvaccinated, but it was milder and the death rate 
was lower among the vaccinated. In the preparation <of the vaccine used in this trial 
several recent strains were used. In the epidemic of 1929, the vaccinated numbered 
1,832, the unvaccinated 466. The experience in this epidemic was more favourable, 458 
of the 1,832 vaccinated subjects escaped attack, as compared with 8 of the 466 rmvaccinated 
controls. The vaccine used in this trial was prepared from a freshly isolated strain of 
H. perivssis. In the second trial, as in the first, the disease was less severe and the deaths 
proportionately fewer among the vaccinated than among the unvaccinated. Taking both 
epidemics together, the mortality among the vaccinated was 0-15 per cent., as compared 
with 2*4 per cent, among the unvaccinated. These trials suggested that prophylactic 
immunization with an H, pertussis vaccine is only moderately effective in preventing the 
disease, but is of very real value in decreasing severity and mortality. 

Extensive trials have been carried out by numerous workers in the United States and 
Canada (see Sauer 1933a, 6, c, 1935, Kendrick and Eldering 1936, Siegel and Goldberger 
1937, Doull et al. 1939, Rambar et ah 1941, Bell 1941, Uaughtry-Denmark 1942, Perkins et ah 
1942). With the exception of the series recorded by Doull and his colleagues, the results 
were uniformly favourable. Success has also been reported by Olah (1942) in Hungary 
and by Dungal, Thoroddsen and Agustsson (1944) in Iceland. 

Before accepting these findings, it is necessary to point out that in some of 
the observations recorded there was no control group, and that in others the 
method of selecting the controls was not above criticism. In mass immunkation 
experiments too much caie cannot be taken to ensure that the treated and the 
control subjects are as similar as possible in every respect. The fallacy of offering 
immunization to a given group of subjects, inoculating those who accept and 
treating the remainder as controls, has already been pointed out^in relation to 
B.C.G. vaccination (p. 1339). It is particularly difficult in clinic practice to be 
sure that children in the two groups arc exposed to equal risks of infection. The 
most reliable method, therefore, is to inoculate alternate children in a residential 
nursery or similar institution, in which all the children are mixed together and 
in which infection, if it is introduced, will spread to all alike. A small investiga- 
tion made under these conditions by McFarlan and Topley (1943) in a residential 
nursery in Berkshire revealed no difference in either the incidence or the severity 
of the disease between the vaccinated and the control groups. A similar com- 
pletely negative result was obtained by McEarlan, Topley and Fisher (1945) in 
a carefully controlled trial in clinics and day nurseries at Oxford. 

What is the explanation of 4?hese discrepancies 1 Several factors have to be 
considered, such as the mode of preparation of the vaccine, the size, number and 
spacing of the doses, and perhaps most important of aU the perfect equalization 
in every respect of the groups of inoculated and control children. This is not 
the place to enter into a critical analysis of these factors ; suffice it to say that 
they differed in practically every one of the trials referred to. We feel therefore 

P.B. ^ ^ 
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that, though strong presumptive evidence has been brought forward by American 
workers for the value of inoculation in the prophylaxis of whooping cough, the 
case is still far from proven. Further trials under more stringent conditions 
must be carried out before the efficacy of this method can be accepted, and before 
it is introduced as a routine measure into child w^elfare practice. 

Serum Treatment, — Since 50 per cent, of deaths from whooping cough occur 
before the age of one, and since the formation of antibodies during the first few 
months of life is poorer than it is later (see Baumgartner 1933-34, 1937), it is clear 
that, even if a satisfactory vaccine was available, it would be of little help in the 
protection of very young infants. For these a therapeutic serum is required. 
Mention has already been made in Chapter 33 of the separation of a toxin from 
H. pertussis. Evans (1940) has shown that by the injection of toxin into rabbits 
an antitoxic serum can be produced, capable of neutralizing the necrotic effect 
of toxin introduced into the skin. How far such a serum is likely to be of value 
in human beings is at present doubtful. Bullowa and his colleagues (1942) found 
that antitoxic serum prepared in rabbits had no therapeutic activity in children, 
but if given prophylactically early in the incubation period of the disease, it 
appeared to protect a high proportion of them against whooping cough. Strean 
(1944), on the other hand, has claimed valuable therapeutic activity for the serum 
(see also Strean, Lapointe and Dechene 1941). Further work will obviously be 
required to establish the value of serum in the prevention and cure of whooping 
cough. It may be added that the sulphonamide drugs have already proved their 
worth in the treatment of secondary broncho-pneumonia, which is so often respon- 
sible for a fatal outcome in infants and young children. 

Secondary Broncho-Pneumonia 

Influenza, whooping cough, measles, and to a less extent certain other specific 
infective diseases, are peculiarly liable to be associated with a secondary infection 
of the lungs ; and it is this fact which is answerable for the high mortality associated 
with such diseases. The case mortality during an epidemic of influenza, for instance, 
is almost entirely determined by the frequency of pulmonary complications. 
Without entering into the pathology of these pulmonary lesions we may note that 
the distribution is usually of the broncho-pneumonic type ; and that the pneu- 
monias associated with influenza are frequently characterized by certain features, 
which serve to distinguish them from those which follow measles or whooping 
cough. Thus, in cases of influenzal pneumonia, the lesions of the bronchi are often 
unusually severe ; hsemorrhages into the alveoli, into the bronchi, or around the 
bronchioles, are frequently encountered ; and localized areas of necrosis, or sup- 
puration, are not uncommon (see Opie et al, 1921). 

The bacteriology of secondary broncho-pneumonia in general, and of influenzal 
pneumonia in particular, differs from that of primary lobar pneumonia in the 
fact that the pneumococcus plays a far less predominant role ; and that, among 
the pneumococcal cases, the commoner “ infective ’’ serological types (see next 
section) are found to be responsible for only a small minority of the infections. In 
influenzal pneumonia, H. influenzee may play a dominant role. Haemolytic strepto- 
cocci, which play a negligible r6le in primary lobar pneumonia, frequently invade 
the lung during an influenzal attack, and give rise to a particularly fatal type of 
infection. In whooping cough it is probable that H. pertussis itself plays a large, 
but not an exclusive, part in the production of lung lesions. 
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The species of bacteria isolated from the sputum, blood, or empyema fluid 
during life, and from the lungs or other tissues at autopsy, vary from place to 
place and from time to time. There is definite evidence, in the records, of a 
secondary local prevalence of a particular bacterial species, imposed on the primary 
prevalence of influenza, or of measles j so that one observer may record a high 
incidence of streptococcal pneumonia, another a considerable series of secondary 
pneumococcal infections, and a third may note the occurrence of numerous pul- 
monary infections due to Staph, aureus (see for example Smith 1935, Finland, 
Peterson and Strauss 1942). Among the less frequent infective agents we may 
note JBact. friedldnderi, capable of producing an acute, suppurative and usually 
fatal pneumonia (see Solomon, 1937, 1940, Hyde and Hyde 1943) and streptococci 
of the Str. viridans type (Solomon and Kalkstein 1943, Thomas 1943). The figures 
recorded by Dwinell (1919), in 69 autopsies on fatal cases of influenzal pneumonia, 
may be regarded as typical of an outbreak in which haemolytic streptococci are 
playing a predominant part. The frequency of the various bacterial species in 
this series of cases was as follows. 


Haemolytic streptococci 
Pneumococcus (all types) . 
Non-hsemolytic streptococci 
Staphylococci . 

H. influenzce 


Per cent. 

41 cases = 59*4 
8 „ = 11-6 

17 „ = 24*6 

13 „ = 18-9 

34 „ = 49*3 


The predominance of pneumococcal types other than I, II, and III in any outbreak 
of influenzal pneumonia in which JStr. pneumonice is the principal secondary agent 
is illustrated by the following figures, giving the type of pneumococcus isolated from 
105 cases of influenzal pneumonia (Opie et al. 1921). 

Per cent. 

Type I 7-6 

Type II 21-9 

Type III 5*7 

Other Types ......... 64-8 

In many infections by the organisms mentioned in this section, the disease 
may, on both clinical and pathological^ grounds, be classified as a primary pneu- 
monia. In others, the distinction between primary and secondary pneumonia is 
hard to make and, from many points of view, may not be worth making. Never- 
theless, the term secondary pneumonia ’’ at least serves to remind us of the 
patient’s predisposition to bacterial respiratory infections in diseases like measles 
and influenza ; and from the foregoing it is clear that pneumococci, influenza 
bacilli, haemolytic streptococci and staphylococci are the ctdef offenders in taking 
advantage of this predisposition, together accounting for the great majority of 
fatal infections. 

The fact that these secondary pneumonic infections pluy a large part in 
determining the case-mortality rate in any outbreak of influenza, measles or 
whooping cough, raises a point of the first importance in regard to the eflective 
control of these diseases. It is probable that the secondary bacterial invader 
responsible for the fatal issue is in many cases leading a vegetative existence in 
the upper part of the respiratory tract of the host, at the time when the primary 
infection is contracted. In other cases the host may receive the secondary invader 
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from tlie same source, and at the same time, as the primary infecting agent. There 
is, however, little doubt that a considerable proportion of fatal secondary infections 
result from the implantation, on a case of primary influenza or measles, of a virulent 
streptococcus or pneumococcus ; and the records contain instances of waves of 
secondary infection, due to a particular bacterial species, passing through hospital 
wards, or concentration camps (see Opie et al. 1921). The conditions which, in 
the aggregate, make up the environmental factor known as “ hospitalization,” 
play the same part in secondary respiratory disease, as they play in the case of 
surgical or puerperal sepsis. The patient with influenza or measles should be 
regarded as peculiarly liable to acute respiratory infection, and should be carefully 
guarded from secondary infectiou. There is, for instance, ample evidence that 
overcrowding in hospital wards, or in military camps, may seriously increase the 
mortality during an outbreak of influenza or of measles (see Memorandum 1944). 

There seems little hope that any form of prophylactic immunization, apart from 
immunization against the primary disease, will reduce the liability to such secondar}^ 
infections. As will be obvious, wc are faced with a multiplicity of heterogeneous 
bacterial antigens, and it seems scarcely reasonable to expect that we can ever 
induce immunity to all the bacterial species and types, to which a person with 
some primary predisposing infection may become a prey. The same heterogeneity 
of infecting agents severely limits the opportunities for the use of specific serum 
therapy. 

Both the sulphonamides and penicillin are reported to be effective in the control 
of broncho-pneumonia due to staphylococci and streptococci. The sulphonamides 
are less effective against H, influenzce and Bact. friedldnderi, though some success 
is claimed for them. 


Primary Pneumococcal Pneumonia 

We need not here consider tho clinical or pathological aspects of pneumonia 
as it occurs in man, nor discuss the vexed question of the classification of acute 
inflammatory lesions of the lungs. Excluding the broncho-pneumonias of young 
children, and the secondary pneumonias to which we have already referred, there 
remain a group of cases in which a severe pyrexial illness, with sudden onset and 
a tendency towards recovery by crisis in non-fatal cases, is associated with signs 
and symptoms of pulmonary involvement ; and in which bactersemia is frequently 
present during the initial phase of infection, and is a constant feature in severe 
and fatal cases. Infections of this type arc, with very few exceptions, caused 
by the x^Q-Cumococcus ; and it is with such primary pneumococcal pneumonias 
that we are here concerned. 

The Experimental Disease. — We have referred, in some detail, to the experi- 
mental study of pneumococcal infections in laboratory animals, when discussing 
the general problems of infection and resistance ; and we may at this point con- 
fine our attention to certain experimental evidence which directly concerns the 
mechanism of pneumonic infection in man. 

Blake and Cecil (1920a, b, c, Cecil and Blake 1920a, 6, c, d) found that lobar pneumonia 
could consistently be produced in monkeys by inoculating minute amounts of pneumo- 
coccal cultures directly into the trachea. The disease so produced resembled lobar pneu- 
monia in man : in its clinical manifestations ; in its tendency to terminate hy crisis ; 
in the presence of a bacteraemio phase, which was transitory in cases that recovered, 
but progressive in cases that succumbed ; and in the lesions found at necropsy in fatal 
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cases. Inoculation, by swabbing, of the nose and throat, never resulted in pneumonic 
infection. Monkeys which were inoculated intravenously, or subcutaneously, either died 
of pneumococcal septicsemia, without pulmonary lesions, or recovered without any involve- 
ment of the lungs. Blake and Cecil conclude that the normal route of infection in lobar 
pneumonia is via the bronchi, the disease spreading centrifugaUy through the interstitial 
tissues from the hilar region, and invading the alveoli from without. A similar mode 
of spread was postulated in rabbits by Permer (1923) and in mice by Branch and Stillman 
(1924). As the result of a study of human mfections, an alternative view was put forward 
by Boeschcke (1931) ; the original focus of infection appeared to be near the periphery 
of the lung, and the infecting pneumococci seemed to be carried in oedema fluid from 
one alveolus to another, passing directly through the pores of Kohn. Subsequent experi- 
mental work on a number of animals has confirmed Loeschcke’s view. 

In dogs, pneumonia may be initiated by introducing pneumococci, together with 
viscous material like starch or mucin, into a terminal bronchus. The oedema fluid from 
the lesions, laden with pneumococci, passes directly through the alveoli and precedes 
the advancing consolidation. The greater the oedema in the initial lesion, the gi*eater 
is the likehhood of spread ; and not only are the site and spread of the lesions determined 
to some extent by gravity — the infected fluid tending to flow downwards — but they can 
be altered by appropriate changes in the posture of the sick dog (Terrell, Eobertson and 
Coggeshall 1933, Robertson 1938, Hamburger and Robertson 1940, Robertson and Ham- 
burger 1940). Loosli (1942) obtained similar results in monkeys, but concluded that 
in these animals the infection also spread from bronchiole to bronchiole as the result 
of repeated aspiration during breathing. In rats also the lesion advances by direct spread 
from alveolus to alveolus (Gunn and Nungester 1936, Wood 1941). The infected cedema 
fluid appears to outstrip the cellular response. At the edge of the pneumonic lesion 
one finds fluid and pneumococci only ; then comes a zone containing active polymorpho- 
nuclear phagocytes as well ; and not tiU the central region of consolidation is reached 
are active macrophages demonstrable. Since this central region may be bacteriologicaUy 
sterile, it would appear that the macrophages not only ingest but kill the pneumococci. 

It should be noted that the action of the starch or mucin in these experiments is not 
to block the bronchi and thereby induce collapse and subsequent infection in the tributary 
alveoli, but to protect the cocci against the defence mechanisms of the body (see Chapter 54). 
According to Hamburger and Robertson (1940) mere blocking of a bronchus does not 
predispose the corresponding alveolar portion of the lung to infection. It is probable 
that natural infections are initiated by the aspiration of pneumococci and mucinous 
material from the upper respiratory tract. Nungester and his colleagues, for example, 
have shown in rals that the nasal instOlation of pneumococci and mucm does not result 
in pneumonia, but if by chilling or alcohol intoxication the normal mechanisms preventing 
the inhalation of fluids into the lung is deranged, pneumonia follows (Nungester and 
Klepser 1938). When mucin and pneumococci were introduced into the nose or the 
trachea, artificially imposed forceful inspiration induced pneumonia in about 50 per cent, 
of the rats tested. Forceful expiration, on the other hand, which in some respects is 
analogous to natural expulsive coughing, had a smaller predisposing action, for when 
it was imposed on the breathing of mice inoculated intratracheal, the incidence of 
pneumonia was only 1$ per cent. (Nungester, Klepser and Kempf 1942). 

As noted elsewhere, Gaskell(1927) carried out a large series of intratracheal inocula- 
tions in rabbits, and brought evidence to show that the type of infection produced 
in these animals is mainly determined by the virulence of the strain of pneumococcus 
injected, ranging, as virulence decreases, from a rapidly fatal septicsemia without pulmonary 
changes, through lobar and lobular pneumonia, and through lesions confined almost 
entirely to the bronchi and bronchioles, to a complete absence of reaction. The frequency 
with which pneumonia follows intranasal inoculation in mice has been found to vary 
both with the virulence of the strain and with the susceptibility of the animal used (see 
Bake 1936). 
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Though consideration of the epidemiology of pneumonia in man points overwhelmingly 
to the respiratory route of entry, the possibility of a blood-borne infection of the lung 
must.be borne in mind. In this connection we may note that Rake (1936) by carefully 
balancing the virulence of the pneumococci against the resistance of the test mice induced 
pneumonia by intravenous inoculation ; wliile Kempf and Nungester (1940) showed 
that pneumonia followed intravenous inoculation in rats previously given mucin intra- 
bronchiahy. 

If we collate the available experimental evidence with the numerous observa- 
tions which have been carried out on the natural disease as it occurs in man (Dochez 
1912, Sia, Robertson and Woo 1928, Finland and Sutcliff 1931^1^), we can construct 
a picture of the sequence of events in lobar pneumonia, which, however incom- 
plete it may be, will aid us in the discussion of the results obtainedln serum treat- 
ment, and in prophylactic vaccination. 

It would appear that the initial phase of the infection is marked by a progressive 
invasion of the lung tissue, frequently associated with a detectable bacteraemia. 
The inflammatory reaction in the lung progresses through its successive stages ; 
and the bacteraemia may, or may not, increase in severity. At some time between 
the 4th and 7th days, in favourable cases, specific antibodies begin to appear in the 
blood ; and, coincidently with their appearance, the temperature falls by crisis, 
the pneumococci disappear from the blood if they were ever present in detectable 
numbers, and the clinical condition of the patient undergoes a striking amelioration, 
though abnormal signs in the lungs may persist for several days, or even weeks. 

There are good grounds for believing that the degree and persistence of bacter- 
semia, rather than the local condition in the lungs, is the main factor in determining 
death or recovery. The most virulent of GaskelFs strains produced in rabbits 
rapid septicsemic death without pneumonic consolidation. In acutely fatal cases 
of pneumonia in man the lung changes at autopsy may be relatively slight ; but 
blood cultures taken during life are, in such cases, almost always positive. The 
prognostic significance of a positive blood culture is one of the best-attested facts 
which have emerged from the bacteriological study of this disease. 

Thus in a series of 448 cases, studied at the Hospital of the Rockefeller Institute, 136 
gave positive blood cultures, and of these 76 died, a mortality of 55-8 per cent. ; 312 gave 
negative blood cultures, and of these 26 died, a mortality of 8*3 per cent. (Avery et ah 
1917). Tilghman and Finland (1937) examined a series of 1,586 cases due to aU types 
of pneumococcus, and found that the fatality rate in bactersemic patients was four times 
that in non-bactersemic patients (see also Anderson et ah 1943). 

In such series as these the figures given for positive or negative blood cultures must 
not be taken as an accurate index of the presence or absence of bactersemia, but rather 
of its severity. The precise amount of blood withdrawn and, to a less extent, the method 
employed in cultivation will make a significant difference in the proportion of negative 
and positive results ; and different observers have, in fact, recorded very different figures. 
But any one technique, employed over a considerable series of cases, will place in the 
positive category those patients who are suffering from a bacterjemia in excess of some 
limiting range, and in the negative category those whoso blood is infected, less heavily, 
or not at all. 

The Frequency of the Different Serological Types of Pneumococci in Health 
and Disease. — The antigenic structure of the pneumococci has been described m 
Chapter 24, where it is noted that the studies of Cooper and her colleagues (Cooper, 
Edwards and Rosenstein 1929, Cooper et al 1932, Cooper and Walter 1935) resulted 
in the sub-division of the old Group IV,” composed of undifferentiated strains 
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into 29 new types ; so that the difierentiated and labelled types of pneumococci 
now run from Type I to Type XXXII, the classical Types I, II and III retaining 
their priority. The later work on the serological definition of strains not included 
in Cooper’s types does not concern us here, for the present epidemiological and 
immunological data at our disposal relate almost entirely to Types I to XXXTI. 
We may note that there is a close antigenic relationship between Cooper’s Types VI 
and XXYI and between Types XV and XXX (Walter et at. 1940), and, as in 
Table 159, it is sufficient for our purposes to include Type XXVI in Type VI, 
and Type XXX in Type XV. 

The earlier workers, distinguishing only Types I, II and III, and Group IV ” 
pneumococci, noted a number of characteristics in the distribution of pneumococci. 
In the first place, certain types predominated in infected persons, others in the 
nose and throat of healthy carriers. Avery, Chickering, Cole and Dochez (1917) 
found that in Xew York, during the few years prior to 1917, 80 per cent, of all 
cases of lobar pneumonia in adults were due to infection by Types I, II and III. 


TABLE 158 

FrEQUBNOY op the niPFERENT SEROLOGICAL TyPES OP PnEUMOCOCOI IN LOBAR PNEUMONIA, 
AS RECORDED BY VARIOUS OBSERVERS. 



Country or 
District. 


No. of 
Cases 
exa- 
mined. 

Freq.nency percentage. 

Observers. 

Period. 

T^e 

1 

Type 

II. 


Group j 
IV. 1 

Schorer, Clark and others 

U.S.A. 

1917-18 

101 

30*7 

14*9 

\ 

17*8 

36*6 i 

Thomas ..... 

IJ.S.A. 

1917-21 

239 

25*1 

10*9 

14*6 

49-4 ^ 

Cecil, Baldwin and Larsen 

U.S.A. 

1921-26 

1,913 ! 

33*6 

19*1 

13*3 

33*3 

Griffith « . 

England 

1920-22 

150 

30*6 

32*7 

6-7 

30*0 

Glynn, Digby and Jones . 

England 

(Liverpool) 

1919-21 

96 

45*8 

24*0 

2d 

28*1 - 

Ferguson and Lovell . 

England 

(Manches- 

ter) 

1925-27 

116 

43*1 

4*3 

0*0 

62*6 


The percentage frequencies were Type I, 33*3 ; Type II, 33-5 ; and Type III, 13-0. 
In normal mouths, on the other hand, the percentage frequencies were Type I, 
0-8 ; Type II, 18*2 ; Type III, 28-1. Group IV strains, which were associated 
with only 20*3 per cent, of pneumonias, were found in 52-9 per cent, of normal 
throats. -Secondly, the incidence of the types varied from place to place, and 
from year to year in any one place. In Table 158 we summarize figures collected 
by Glynn, Bigby and Jones (1923) from the literature with the addition of some 
collected at a later date. Cecil, Baldwin and Larsen (1927), during a 5-years’ 
study of the distribution of the three types, noted that the frequency of Type I 
ranged from 21*0 per cent, to 45*2 per cent., that of Type II from 15*9 per cent, 
to 20*6 per cent., that of Type III from 7*9 per cent, to 17*2 per cent, and that 
of ‘‘ Group IV ” from 23*5 per cent, to 41*0 per cent. 

In his study of lobar pneumonia among the mine-workers on the Rand, Lister (1917) 
carried out a serological analysis of 148 strains, 143 of which he allocated to 11 groups, 
labelled by letters, leaving 6 unclassified. The three major groups, A, B, and 0, accounted 
for 31*0 per cent., 16*2 per cent., and 21*6 per cent, of the strains respectively, leaving 
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31-2 per cent, in the minor groups. Subsequent investigations have shown that Lister’s 
Group C is identical with the American Type I, and his Group B with the American Type 
II ; but his Group A, which was the type most frequently isolated in South Africa prior 
to 1916, together with a number of his infrequently occuning types, corresponded to the 
American “ Group IV.” Identities w^ere subsequently established between most of the 
South African groups and Cooper’s types, and Group A, for example, proved to be identical 
with Type V (see Ordman 1938). 

In the third place, a marked difference was noted between the case-fatality 
rates of primary pneumococcal pneumonia according to the various infecting 
types. Type III infections showed a high fatality rate in the region of 40 per cent. ; 
and the rates were progressively less with Type II, Type I and Group IV infections, 
in that order (see Glynn, Digby and Jones 1923, Cecil 1928, Rosenbliith 1928, 
Ferguson and Lovell 1928). 

Since the differentiation of most of the Group IV strains into Cooper’s types, 
many detailed surveys of pneumococci in health and disease have been made 
which have to a large extent confirmed the observations made on Types I, II 
and III alone, and which have revealed a number of additional features in the 
epidemiology of pneumococcal infection. We can do no more than indicate some 
of the outstanding results of these surveys ; for details, the reviews of Finland 
(1942a, h) should be consulted. 

All the newer types, IV-XXXII, have been found, with varying frequency, 
in association with respiratory infections. Types IV, V, VII and VIII are, after 
Types I, II, III, the most frequent types in acute lobar pneumonia of adults. 
In pneumonia of children and infants, the frequency of the types is different. 
Type XIV predominates ; and Types I, VI and XIX, V, IV, III and VII are, 
in that order, next in frequency (see also Viktoroff et al 1937). 

We have recorded in Table 159 representative figures from Finland (19426), showing 
the frequency of the Cooper types in pneumonia of adults and of children gathered from 
several American sources, and for healthy carriers surveyed in Germany by Gundel (1933) 
and in England by Straker and others (1939). The casc-fatality rates are also listed for 
pneumonia in adults, and it will be seen that relatively high rates are recorded for infections 
with some of the newer types. As Finland points out, these rates do not fairly represent 
the capacity of the various types to produce a primary pneumonia in persons of average 
resistance, since many of the cases are of atypical, post-operative or otherwise traumatic 
pneumonia, in which the resistance of the patient has probably been substantially lowered 
by other causes. 

With infections by all types, it has been found that the case-mortality rates are higher 
for atypical and secondary pneumonias than for acute lobar pneumonia ; and since about 
three-quarters of the former are due to infection with the more recently described types 
(Stoneburner and Finland 1941) the high mortality rates may be due to host factors indepen- 
dent of the virulence of the types. If we take the occurrence of bactersemia as an index of 
virulence, it is clear that of the new types, only Types IV, V, VIII, XIV and XXV approach 
Types I, II and III in this respect. Table 159 also shows that the type distribution in 
the pneumonias of children is conspicuously different from that in the pneumonias of 
adults. The distribution also varies within this group, according to the age of the child. 
Thus Xemir, Andrews and Vinograd (1936) found Type I in 7*7 per cent, and Type XIV 
in 36*0 per cent, of pneumonias in children under 2 years, whereas the corresponding 
figures in the 2-13-year--age group were 23*9 per cent, and 9*7 per cent, respectively. In 
healthy carriers the frequency is again different. Types III, VI, XVIII and types other 
than I-XXXII being commonest. The type-distribution in broncho-pneumonic infections 
at all ages, it should be noted, is similar to that in healthy carriers (see Finland 1937). 
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TABLE 159 


Incidence of PNECMOCocciiL Types in Health and Disease (after Finland). 






Pneumonia of Adults. 

1 

Pneumonia of 
Infants and 
Children 

Healthy ; 

Carriers. 

1 

Pneumococcus Type. 


All Cases. 


Bacterjemic ; 
Cases 

i 












; 


Per- i 
centage 


Per- 

centage 





Per- 


Per- 


Per- I 

!Num- 

Num- 







ber. 

of 

ber i 

of 




ber of 

centage 

Died. 

centage 

Num- 

centage i 


Total. ' 

Total. 




Cases. 

of 

Mort- 

ber 

of 1 








Total. 


ality. 


Type, i 

1 




I . . . 



2,573 

214 

451 

17-5 

655 

25*4 ’ 

384 

15*3 , 

“ 1 

42 - 

1*2 

II . . . 



888 

74 

276 

3M 

344 

38*7 1 

59 

2*4 

36 

1*0 

III. . . 



1,480 

12-3 

636 

36*2 

356 

24*0 

103 

4*1 

529 , 

14*9 

IV . . 



643- 

5-3 

136 

21*2 

123 

19*1 

122 

4*9 

233 ' 

6*6 

V . . . 



809 

6*7 

148 

18*3 

198 

24*5 

134 

0-3 

12 J 

0*3 

VI and XXVI 


330 

2*7 

67 

20*3 

25 

7*1 

309 

12*3 

368 i 

104 

VII . . 



1,116 

9-3 

189 

16*9 

194 

174 

99 

4*0 

71 1 

2*0 

VIIT . . 


• 

990 

8-2 

164 

16*6 

205 

20*7 

40 

1*6 

134 

3*8 

IX . . 



266 

2'2 

77 

28*9 

35 

13*2 

43 

1*7 

80 

2*3 

X . . . 



131 

11 

41 

31*3 

17 

13*0 

21 

0*8 

168 

4*7 

XI . . 



129 

M 

31 

24*0 

6 

4*4 

46 

1*8 

133 1 

3*8 

XII . . 



168 ! 

14 

38 

22*6 

36 

214 

11 

04 

38 

M 

XIII . . 



138 

1-1 

39 

28*3 

10 

7*2 

23 

0*9 

20 

0*6 

XIV . . 



512 

4-2 

128 

25-0 

110 

21*5 

434 

17*3 

11 

0*3 

XV and XXX 


106 

0-9 

28 

26*4 

6 

5*7 

64 

2*6 


1*8 

XVI . . 



91 

0-8 

16 

17*6 

5 

5*5 

36 

14 

5 1 

0*1 

XVTI . . 



147 

1*2 

47 

32*0 

7 

4*8 

33 

1*3 

1 54 i 

1*5 

XVITI . 



317 

2*6 

70 

22*1 

46 

14*5 

70 

2*8 

! 280 1 

7*9 

XIX . . 



298 

2*5 

70 

23*5 

41 

13*8 

187 

7-5 

99 

2*8 

XX . . 



192 

1-6 

56 

29*2 

24 

12*5 

33 

1*3 

64 

1*8 

XXI . . 



72 

0-6 

12 

16*7 

4 

5*6 

42 

1*7 

66 

1*9 

XXII . . 



105 

0*9 

23 

21*9 

9 

8*6 

38 

1*5 

144 

4*1 

XXIII . 



90 

0-7 

24 

26*7 

12 

13*3 

66 

2*6 

46 

1*3 

XXIV. . 



62 

0-5 

12 

194 

6 

9*7 

18 

0*7 

18 

0*5 

XXV . ■ . 



114 

0*9 

21 

18*3 

26 

22*8 

8 

0*3 

25 

! 0*7 

XXVII . 



26 

0-2 

3 

11*5 

2 

7*7 

1 

0*1 

17 

1 0*5 

XXVIII . 



46 

04 

14 

30*4 

2 

4*3 

18 

0*7 

60 

1 1-7 

XXIX . 



107 

0-9 

25 

234 

6 

5*6 

31 

1*2 

105 

i 2*9 

XXXI . 



32 

0*3 

9 

28-1 

2 

6*3 

17 

0*7 

22 

0*6 

XXXII . 



22 

0*2 

0 


1 

4*5 

4 

0*2 

8 

0*2 

Xotl-XXXII 


49 

04 

11 

224 

8 

6*1 

12 

0*5 

t 593 

16*7 




12,049 

100*0 

2,762 

22*9 

2,516 

20*9 

2,506 

100-0 

3,543 

! 

100*0 


We must emphasize that these figures represent only limited surveys, and that 
frequencies vary with time, season, locality (see, for example, Eumreich et al, 
1943), with prevailing epidemics, and-the state of immunity of the population 
concerned, as well as with the methods used for the isolation and typing of the 
pneumococci. ISTevertheless, within the limits of these variations, the type- 
frequencies reported from various parts of the world (see Mulder 1938, Ordman 
1938, Bjornsson 1940, Lai and Chitkara 1941, Stobo and Little 1941, Siegenbeek 
van Heukelom and Beeuwkes 1942) bear out the general conclusions that can 
be drawn from Table 159. 

We can divide pneumococci into the relatively virulent or ‘‘ infective ’ tjrpes, 
and the apparently less virulent, characteristically carrier ’’ types. The infective 
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types are commonly associated with acute pneumococcal pneumonia, and the 
carrier types are commonly found in the healthy human throat. This arbitrary 
division is not clear cut ; as Table 159 shows, carrier ’’ types may cause severe 
pneumonia, and “ infective ” typ)es are carried by healthy persons. 

Carrier types are established in the throat in early Hfe (see Sutliff and Davies 1937) 
and are found there at aU ages. Carriage of any one type may persist for years (Straker 
et ah 1939), though the type may be detected only intermittently. Several types may 
be carried by one person ; up to seven have been recorded. In a healthy community 
pneumococci may be found in 40 to 50 per cent, of persons sampled once ; and in nearly 
aU persons if the sampling is repeated at intervals over a long period (see Straker et al. 
1939, Smilhe, Calderone and Onslow 1943). 

The similarity of the type-frequencies in broncho -pneumonia, and in post-operative 
and other kinds of traumatic pneumonia, to those in healthy carriers, suggests that these 
infections have their source in the upper respiratory tract of the patient himself ; they 
may, in fact, be examples of autogenous infection. The vhulence of the carrier type 
in these circumstances is usually attributed to a non-specific reduction in the resistance 
of the person attacked, though the factors predisposing to infection, such as the trauma 
due to an ansesthetic, are not in aU cases apparent. In some cases, the age factor is 
important ; Type VI, for example, is largely a carrier type in adults, and an infective 
type in infants and children. 

As regards the infective types, though it is possible that a persistent carrier may 
succumb to infection with his own tj^e, there are many examples of epidemic outbreaks 
in which the responsible pneumococcus apparently infects from without ; that is, in which 
acute lobar pneumonia spreads by conljagion. When we study the carrier rates for the 
infective types we find, in accord with the notion of their relatively high virulence, that 
high rates are associated with outbreaks of pneumonia. Thus in institutional outbreaks 
of Type I pneumonia. Type I carrier rates of 10 and 30 per cent, have been recorded 
(Stillman 1916, Strom 1932). Dauer and others (1941) observed that in a group of 50 boys, 
five of whom had a Type II pneumonia, the healthy carrier rate for Typo IE was 44 per cent. 
It is clear that “ infective ” types can spread tlirough a community. Indeed Andrews 
(1937), in a survey of pneumonia of infants due to a wide variety of types, found that 
the types associated with the highest incidence of pneumonia in infected persons, and 
with the highest case fatality, were also most frequently isolated from the throats of 
family contacts. 

The relation of the carrier state and prevalence of pneumonia is weU illustrated in 
Smillie and Jewett’s (1940) survey of familial outbreaks of pneumonia. They found 
that, whereas the carrier rate for carrier types like XIX or XXVII was similar for contacts 
and non- contacts of Type I and Type II pneumonias, the Type I carrier rate in Type I 
contacts was 10 per cent., but only 0-8 per cent, in non-contacts ; in Type II outbreaks the 
corresponding Type II carrier rates were 7-4 per cent, and 0*3 per cent, (see also Rogers et aL 
1941, 1943). 

It is noteworthy that high carrier rates are often found simultaneously with outbreaks 
of pneumonia, and that, as in some recent surveys, a high carrier rate for a given type 
may even precede an outbreak (Stebbins et al, 1940 ; see also Smillie and Jewett 1942). 
The evidence from a number of outbreaks, in fact, suggests that acute lobar pneumonia 
is but one manifestation of the spread of a virulent pneumococcus, presumably from a 
healthy carrier of the organism; other observed manifestations are the healthy carrier 
state, infection of the upper respiratory tract, conjunctivitis, otitis media, and mild atypical 
pneumonia (see Gfiman and Anderson 1938, Plummer and Ensworth 1941). The con- 
centration of carriers, as in infections by other bacteria, to some extent determines the 
appearance of manifest disease. Thus, in the school outbreak recorded by Dauer and 
others (1941) pneumonia appeared in the group of boys with a 44 per cent, carrier rate, 
but not in groups with lesser rates (see also Mackenzie et al. 1940). This relation, however, 
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is by no means found consistently. Stebbins and Ms codeagues (1940), for example, 
record an epidemic prevalence of a Type V pneumonia in the absence of a continued 
high carrier rate, and in another population a high carrier rate of Type VI without the 
appearance of Type VI pneumonia. 

The available evidence, then, indicates that acute lobar pneumonia is a con- 
tagious disease, which is spread by carriers and by persons with a variety of pneumo- 
coccal infections of the respiratory tract, including acute lobar pneumonia itself. 
We have little precise knowledge of the circumstances that determine infection 
of the lung in a given person. Certain types of pneumococcus appear to infect 
more readily than others. As regards the part played by immunity of the host, 
we have noted some factors, like age, which are associated with resistance to various 
types of pneumococci. The role of specific immunity we shall consider in later 
sections of this chapter. 

The Treatment o! Pneumonia with Antipneumococcal Serum. 

The sera employed in the treatment of pneumonia are prepared by injecting 
horses with whole cultures of pneumococci of one or more of the different serological 
types. All the laboratory evidence suggests that anti-pneumococcal immunity is 
type-specifi.c ; and we should not therefore expect a serum prepared against any 
one type to exert a curative effect on an infection caused by any other. Many of 
the early trials in man were, in fact, carried out with a polyvalent ” serum prepared 
by immunizing horses against Types I, II and III. It will be convenient to consider 
the results obtained in trials with this, and other, sera before discussing the question 
of how such antisera should be standardized and utilized. 

We have quoted numerous experiments that establish the protective action 
of a antiserum as tested in the rabbit or mouse, and a few that indicate 

a curative action when the serum is injected shortly after the establishment of an 
experimental bactersemia. In either case it has been shown that the serum increases 
the efficacy of the normal clearing mechanism and suppresses, or cuts short, the 
bacteraemic phase. 

Of particular interest, from our present point of view, are the foUowing observations. 

Cecil and Blake (1920e) studied the effect of serum treatment on experimental lobar 
pneumonia in monkeys, induced by the intratracheal inoculation of virulent Type I 
pneumococci. They found that the intravenous injection of the specific antiserum exerted 
a prompt therapeutic effect, freeing the circulating blood from pneumococci, shortening 
the infection and greatly reducing its severity. Of 5 treated monkeys all recovered 
while the controls died. Curphey and Baruch (1932) infected rabbits by the intradermal 
injection of virulent Type I pneumococci, and studied the effect of the subsequent injec- 
tion of a Type I antipneumococcal serum by the intravenous or intramuscular route. 
With the intravenous injection of 400 units 24 hours after infection, 1 of 13 animals sur- 
vived ; with 800 units 12 of 32 animals survived ; with 2,600 units 14 of 19 animals sur- 
vived. With shorter intervals between infection and the administration of serum smaller 
doses sufficed to ensure the survival of a considerable proportion of the animals. 

This method of treatment has since 1915 received an extensive clinical trial in 
man, particularly in America. It was, however, some years before its value was 
established with an approach to certainty, and a serious attempt was made to 
assess its effect in terms of a percentage reduction in mortality. Even now we 
can offer only approximate estimates, and some few observations are hard to fit 
into the general picture. The history of the serum treatment of pneumonia 
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affords an illuminating example of the neglect of a useful therapeutic measure 
that may follow a failure to plan early trials in such a way as to allow significant 
but undramafcic effects to be measured with some approach to accuracy. 

The earliest considerable series of cases are those recorded by Avery and his colleagues 
(Avery et al. 1917). In 107 cases of serum-treated pneumonia there were 8 deaths, a 
mortality of 7*5 per cent. There were no controls; but a favourable conclusion with 
regard to the influence of serum on mortality was based on the contrast between the 
observed case-fatality rate and the rates of 25-30 per cent, recorded by these workers 
before they commenced the use of serum, and by other observers elsewhere. This method 
of comparison is, however, not valid. The variability of the case-mortality rates in different 
outbreaks of pneumonia is well known ; and the records of seruin-trcatcd cases show a 
similar variabihty, though, for the most part, over a smaller range. Thus Wadsworth 
(1924), commenting on a series of collected figures, notes case-fatality rates in serum- 
treated patients varying from 6*0 to 18*0 per cent. Clearly the only satisfactory way 
of assessing the effect of serum is to compare treated with untreated cases in the same 
place and at the same time. A considerable series of trials have been carried out along 
these lines. Concentrated polyvalent antipneumococcal sera containing antibodies for 
Types I, II and III have been used, the Type III antibody being present in relatively 
low concentration. 

In a series recorded by Cecil (1928) the data were collected as follows. During the 
winters of 1920, 1921 and 1922 aU cases of pneumonia admitted to six medical wards 
were treated with Huntoon’s polyvalent antibody solution, while all cases of pneumonia 
admitted to six other wards were treated on ordinary medical lines without serum therapy. 
The results are recorded in Table 160. 

TABLE 160 

COMPARISOK OF CaSE-FaTALITY RaTES IN TREATED AND UNTREATED CaSES OF LOBAR 

Pneumonia (Cecil). 



Antibody Wards. 

Control Wards. 



Type of 
Pneumococcus. 



Deaths 



Deaths 

Difference. 

Diff./S.E. 

Diff. 


Cases. 

Deaths. 

Percent- 

Cases. 

Deaths. 

Percent- 





age. 



age. 



I . . . . 

158 

21 

13*3 

162 

36 

22-2 

8-9 ± 4-27 

2-09 

II ... . 

83 

23 

27*7 

67 

27 

40-3 

12-6 d= 7-74 

1-63 

Ill ... . 

73 

29 

39-7 

60 

1 24 

40-0 

0-3 ± 8*5 



Group IV . 

110 

18 

1 

16-4 

121 

29 

I 24-0 

7*6 ± 5-2 

1-46 


There is a clear suggestion that Type I and Type II pneumonias were benefited by 
the serum, while Type III pneumonias were not. Only in the case of Type I pneumonia 
does the difference between the treated and untreated groups as compared with its standard 
error attain a value that would be conventionally regarded as statistically significant. 
The suggestion that some therapeutic effect was exerted on pneumonias due to infection 
with strains belonging to the antigenically heterogeneous Group lY is not in accord 
with our expectations ; but the difference in this case falls short of statistical signifi- 
cance. 

A very valuable record is that provided by Park, Bullowa and Rosenbliith (1928). 
The serum employed was Felton’s concentrated polyvalent antipneumococcal serum, and 
random sampling was ensured, as far as possible, by giving serum to alternate cases in 
order of admission. The relevant figures are set out in Table 161. 
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TABLE 161 


Type. 

Hospital. 

Treated. 

Untreated. 


Diff./S.E. 

Diff. 

Cases. 

Deaths 

Percent- 

age. 

Cases. 

Deaths 

Percent- 

age. 

Difference 

Percentage. 

I . . . . 

^ Combined 

266 

19 

249 

33 

14 ± 3*8 

3-7 


Bellevue 

144 

19 

132 

33 

14 i: 5-3 

2-6 1 


Harlem 

114 

20 

109 

34 

14 i; 5-8 

2-4 

II . . . 

Combined 

176 

35 

165 

45 

i 10 ± 5-3 

1-9 


Bellevue 

107 

39 

95 

53 

* 14 ± 6-9 i 

2-0 ; 


Harlem 

61 

30 

63 

32 

2± 8-3 

0*2 i 

Ill . . . 

Combined 

82 

33 

92 

29 

-4± 7-0 

j 0-6 


I Bellevue 

32 

38 

52 

27 

- 11 ± 10'6 

1 1-0 1 


Harlem 

47 

32 

38 

32 

0 ± 10-2 


Group IV 

Combined 

313 

24 

324 

26 

2 ± 3-4 

0-6 


; Bellevue 

131 

30 

128 

40 

, 10 ± 5 2 

{ 1-9 


i Harlem 

1 

1 

171 

20 

190 

15 

i ^ 5± 4-0 

1 1*2 i 

1 1 


^ The combined figures include a small series of cases treated at the New York Hospital. 


Taking the conabined experience it will be noted that the concentrated serum exerted 
a significantly beneficial effect on Type I pneumonia. In Type II pneumonia the effect 
is more doubtful. The combined experience clearly suggests a beneficial effect ; but this 
is due almost entirely to the results obtained in Bellevue Hospital. In Harlem Hospital 
over .the same period of time serum-treated Type II pneumonias showed no advantage, 
a fact that emphasizes the danger of putting trust in small numbers or in single trials. 
The Type III cases received no benefit from the serum. The Group IV cases were un- 
affected as judged by the combined experience. In Bellevue they seemed to receive 
some benefit. In Harlem they fared worse than the controls. We need not then attach 
much importance to the apparent therapeutic effect in Group IV cases noted by Cecil. 

Cecil and Plummer (1930) record a series of Type I pneumonias treated mth Belton’s 
serum between 1924 and 1929. Of 239 treated cases 20-1 per cent, died ; of 234 untreated 
cases 31-2 per cent, died, giving a difference of IIT ± 4-01 per cent. With Type II 
pneumonia the results were curious (Cecil and Plummer 1932) ; of 252 treated patients 
40’5 per cent, died ; and of 253 untreated patients 45-8 per cent. died. But analysing 
the results season by season, the differences in case mortality were 15-0 per cent., 7*3 per 
cent., and 15 T per cent, in favour of the treated, and then 7*5 per cent, and 4-8 per cenr. 
in favour of the untreated cases. In a subsequent season 1930-31 the trial was continued 
on the alternate case method, limiting the treated and control groups to cases of Type II 
pneumonia admitted within 72 hours of onset. Of 21 treated cases 3 died ; of 20 control 
cases 13 died (see also Cecil 1937). 

The therapeutic value of Types I and II antisera depends to some extent on the age 
of the patient treated. It has been found, for example, that whereas the case mortality 
in the 20-40 age group is significantly lower in treated than in imtreated cases, there is 
httle difference in the 40-60 age group (Report 1934 ; see also Langley et al, 1937), 

Horse antisera against Types IV, V, VII, VIII and XIV pneumococci have also 
been tested in the United States in controlled series of cases : the results indicate 
that serum treatment reduces the mortality due to Type V and VII pneumonia 
by about half (see Bullowa 1937, Finland and Brown 1939a, Benjamin et aL 1937, 
Kohl and Eeitzel 1936). The antisera to Types IV, VIII and XIV were also 
reported to haye a favourable effect, though the evidence was for various reasons 
less clear cut. 
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More recently, therapeutic rabbit antisera, as developed by Horsfall and his colleagues 
(1937), have largely replaced horse antisera in the United States. Antisera can be pre- 
pared more quickly in the rabbit, in some cases (e.g. Types II and VIII) with higher 
litres of protective antibodies than are usually obtained in the horse ; and, after a refining 
process which removes substances that give rise to thermal reactions, they can be used 
safely in man. The rabbit antibody globulin particle is less than one- quarter the size 
of the horse antipneumoeoccal antibody, and thus possesses the theoretical advantage 
of being more likely to diffuse readily through the infected tissues of the patient (see 
Chapters 7 and 47). Rabbit antisera to Types I, IT, V and VII have proved to be at 
least as effective as the corresponding horse antisera ; and there are indications that 
antisera to Types III, IV, VIII and XIV have a beneficial effect. Antisera to all the 
remaining Cooper types have been tested, but in most cases the results are inconclusive, 
partly owing to the small number of patients so far treated, and partly to the complicating 
factor of sulphonamide treatment. Comparisons of case -mortality rates, however, suggest 
that specific serum is most effective in infections with Types XII, XX, XXV and XXVI ; 
less so with Types IX, X, XVII, XVIII, XXIV ; and faiidy effective with Types VI, XIX, 
XXII, XXIII, XXIX and XXXII (Finland 19426 ; see also Madsen and Vammen 1940). 

The results of clinical trials are in entire accord with the view, based on labora- 
tory experience, that the therapeutic effect of each of these sera is type-specific, 
depending in the main on the content of the antibody acting on the capsular, type- 
specific, polysaccharide antigen. 

If, then, we intend to use an antipneumoeoccal serum we must determine the 
type of infecting pneumococcus at the earliest possible moment. 

The method of typing usually employed is to inject a specimen of sputuTii into the 
peritoneum of a mouse, to kill the animal after 6 to 8 hours, and to carry out agglutina- 
tion and precipitation tests with the sediment and supernatant fluid of the peritoneal 
washings. This method can be made more rapid by using slide agglutination followed 
by staining (Sabin 1929), and noting the swelling of the capsule that results from the 
action of the antiserum, as well as the agglutination itself. This capsular-swelling 
reaction, which was first described by Xeufeld (1902), can be applied to specimens of 
sputum direct (see Armstrong 1932, Logan and Smeall 1932, Sabin 1933 Beckler and 
MacLeod 1934, Cooper and Walter 1935, BuUowa 1935, Mulder 1935, Vinograd, Nemir 
and Park 1936, Cruickshank and Montgomery 1938). In experienced hands, the agree- 
ment of the results of typing by the direct swelling reaction and the indirect after mouse- 
inoculation varies between 75 and 90 per cent. 

Type-specific polysaccharides, detected by precipitin tests with specific antisera, are 
found in the urine of patients with pneumonia (Dochez and Avery 1917). In the early 
stages of the disease, positive reactions are too infrequent to be depended upon as an 
indication of the infecting pneumococcal type (Cruickshank 1938, Cruickshank and 
Montgomery 1938). 

As regards the dose of serum and the number and frequency of the injections 
that should be administered, there are good reasons for believing that these 
factors are of primary importance. We might suppose from our knowledge 
of passive protection in the rabbit or mouse that a comparatively small dose 
of serum would suffice to render the pneumococci sensitive to phagocytosis. But 
the experiments of Curphey and Baruch (1932) show that, with antibacterial as 
with antitoxic sera, the effective curative dose is a high multiple of the protective 
dose. It is probable that this is in part due to the fact that the specific antigen, 
or hapten, accumulates in the lesions and in the blood in considerable quantities 
during a pneumococcal infection and exerts an aggressive effect, combining with 
the corresponding antibody and so diverting it from the living pneumococci. 
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Thus, Park and Cooper (1928) note that, when an antipneumocoecal serum is injected 
into a normal person, the specific antibody disappears relatively slowly from the circu- 
lating blood ; so that one- quarter to one-half of the amount administered is still present 
24 hours after an intravenous injection. In severe cases of pneumonia the course of 
events is quite different ; the specific antibody is rapidly neutralized. If a polyvalent 
serum is administered it will be found that the antibodies corresponding to types other 
than that responsible for the infection can be detected in the circulating blood for relatively 
long periods, as in normal persons (see also Langley et al 1936). 

By suitable titration in cases of Type II pneumonia, Park and Cooper were able to 
show that the circulating antigen alone would require several thousand units of antibody 
for its neutralization. In Chapter 48, we noted the enormous amounts of specific poly- 
saccharides estimated to be present in the pneumonic lungs, particularly in Type III 
infections, amounts that for their full neutrab*zation would require litres of concentrated 
antibody ; and though it is unhkely that all the antigen held in the tissues must be neutra- 
lized before any injected antibody is available for direct action on the invading pneumo- 
cocci, the aggressive action of a substantial part of it will necessarily affect the outcome 
of serum therapy. 

In this connection, it should be noted that Cruickshank and Montgomery (1938) 
demonstrated that the presence of urinary, and, therefore, presumably of circulating, 
polysaccharide in the early stages of pneumonia was of bad prognostic significance. The 
death rate in 62 such patients was 38*7 per cent., whereas, of 63 patients whose urine 
was persistently free, only 1 died. 

Park and Cooper recommend that every pneumonia patient should, on admis- 
sion to hospital, receive 10,000 units of Type I and Type II antibody administered 
intravenously. So long as the temperature remains high, the injections should 
be continued every 8 to 12 hours. When the type of the infecting pneumococcus 
has been determined a monovalent serum may be substituted for the polyvalent 
preparation. If the infection is found to be due to a type of pneumococcus against 
which no specific serum is available, the injections should be discontinued (see 
also Bullowa 1937). 

The Standardization of Antipneumocoecal Sera. 

In the original attempts to measure the potency of such a serum (see Neufeld 
and Handel 1909, Neufeld and Schnitzer 1927-28) titrations were made in mice 
both with a constant dose of serum and a varying dose of pneumococci, and with 
a constant dose of pneumococci and a varying dose of serum. 

These and later experiments (see Felton 1930a) have made it clear that the relation 
between the number of pneumococci injected and the dose of serum necessary to protect 
against them is not of a simple linear kind, i.e., if x ml. of serum will protect against 
y pneumococci it does not follow that nx ml. of serum will protect against ny pneumococci. 
Felton’s experiments suggested that, under optimal conditions, this linear relationship 
held over a limited range; but the results obtained by Smith (1932) indicate that 
it is very unsafe to assume that if one serum in a particular dose gives a certain degree 
of protection against n pneumococci, and another serum in the same dose gives the same 
degree of protection against 2n pneumococci, the second serum is twice as potent as the 
first. He found, for instance, that with a constant dose of a particular serum and varying 
doses of pneumococci, the death rate in a group of 50 mice receiving 12,500 cocci was 
greater than that in another group of 50 mice receiving 125,000 pneumococci, while in 
another experiment a hundredfold increase in the number of pneumococci, keeping the 
dose of serum constant, failed to cause any significant increase in the percentage mortality. 

It happened, however, for reasons that are not altogether clear, that the method of 
varying the dose of pneumococci was at fibest adopted in testing antipneumocoecal sera 
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(see Prausnitz 1929). Sera were not titrated in terms of units, but a limit of potency 
was laid down which had to be attained before a serum was regarded as satisfactory for 
issue. In Germany this limit was protection by 0*2 ml. of serum against 0*1 ml. of a 
culture of such virulence that 0*000,001 ml. was fatal for untreated mice. In America 
it was protection by 0*2 ml. of serum against 0*1 ml. of a culture of such virulence that 
0*000,000,1 ml. was fatal for untreated mice. A method that does not assign a value 
in terms of units to each batch of serum issued is clearly unsatisfactory from the clinical 
point of view, and of more recent years attempts have been made to improve the method 
of standardization, though no international agreement has yet been reached. 

Felton (1925, 1928, 1930a, h, 1931) has carried out extensive studies on this problem, 
adopting the method of testing varying doses of the serum to be standardized against 
a constant dose of pneumococci and defining the unit of serum as the least amount that 
will protect mice against 1,000,000 lethal doses of a virulent pneumococcal culture. His 
studies, and those of Parish (1930), Trevan (1930), Falk et ah (1931) and Smith (1932), 
make it clear that the unit value of a serum cannot be accurately determined by direct 
titration against any particular pneumococcal culture. Smith, for instance, in repeated 
titrations of a particular serum against a particular strain of pneumococcus found that 
the amotmt of serum necessary to protect 50 per cent of mice against the test dose of 
culture employed varied between 0*0009 ml. and 0*0034 ml. Felton (1930a) would 
ascribe such divergent results, particularly when different strains of pneumococci are 
employed, to independent variation of virulence and of capacity to unite with antibody. 

This difficulty may in any case be avoided by comparing an unknown serum 
with a standard serum, and assigning a value to the former, not in terms of 
the particular dose of pneumococci against which it protects, but in terms of the 
arbitrary unit value assigned to the standard preparation. Any variation in the 
culture will presumably affect the neutralizing power of the standard and the un- 
known serum to the same extent ; and it is probably a fair assumption that, if 
n ml. of the standard and 2n ml. of the unknown serum each give a mortality of 50 
per cent, when injected into an adequate sample of mice together with the same 
dose of the same pneumococcal culture, the unknown serum contains half as many 
units of protective antibody as the standard. 

The titration curves recorded by Parish (1930), Trevan (1930) and Smith (1932) 
make it clear that this method allows an assay within a reasonable degree of 
accuracy provided that an adequate sample of mice is injected with each dose. 
Actually the standardization of an antipneumococcal scrum to within a margin 
of error of ± 30 per cent, demands the use of 40 mice for each dose of the unknown 
serum tested, and another 40 mice for each dose of the standard serum with which 
it is to be compared. 

It may be added that the common practice is to inject the serum and 
culture simultaneously into the peritoneum and to use 0*0025-0*1 ml. of culture 
as the test dose, according to its virulence and bacterial content. The virulence 
should be maximal, so that 10 pneumococci or less will kill iintreated mice, and 
the inoculum should correspond to 500,000-5,000,000 lethal doses. 

An important saving in mice would obviously be effected if we could substitute 
an in vitro for an in vivo test. The type-specificity of the protective action clearly 
suggests that the effective antibody is that which corresponds to the type-specific 
polysaccharide ; but, equally clearly, we must establish this identity by direct 
experiment before we can accept an in vitro estimation of this antibody as affording 
an adequate measure of protective value. 

Certain of the earlier observers (see for instance Wadsworth 1917) reported a com- 
plete and puzzling lack of correlation between agglutinin titre and protective power. 
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It seems likeljT- that some particularly unfavourable conditions must have affected such 
results as these ; since Falk et al. (1931) and Felton (1931) record a close parallelism 
between agglutinin titre and protective power in mice. Felton, testing 39 sera by both 
methods, reports a correlation coefficient of 0*80 ; but his protocols show a few markedly 
divergent results. 

Since the isolation of the t3;pe-specifi.c polysaccharide hapten of Heidelberger and 
Avery (1923) attempts have naturally been made to correlate precipitin content with 
protective power, and these have, on the whole, given better correlation than the agglutinin 
estimations (see Sobotka and Friedlander 1928, Friedlander et al 1928, Zozaya et al, 
1930, Heidelberger et al 1930, Falk et al 1931, and Felton 1931), Few of these com- 
parative titrations can, however, be regarded as an adequate test, since the method of 
optimal proportions was not followed in determining the precipitin content of the serum. 

Smith (1932), using the optimal-proportion method of Dean and Webb (1926) in the 
precipitin estimations, and injecting adequate samples of mice (40 for each dose of serum) 
in the protection tests, compared several Type I antipneumococcal sera with a particular 
serum taken as a standard. With unconcentrated sera, the correspondence between 
precipitin and protective antibody content was good. With concentrated sera, however, 
the protective power was greater than that indicated by the precipitin content (see also 
Hartley et al 1933, Smith et al 1934, Goodner and Horsfall 1937). The use of selected 
antigenic fractions of the pneumococci in precipitin tests for the standardization of sera 
has many advantages over the laborious and expensive mouse-protection tests, and may 
eventually replace them. But it must be emphasized that the estabHshment of the 
identity of the antibody to the specific polysaccharide and protective antibody is but 
a first step in the transition to in vitro tests. The antigenic preparation used must be 
constant in composition and serological reactivity ; the lability of the acetyl group in the 
Type I polysaccharide (see p. 280) provides an example of the difficulties to be expected. 
Moreover, as we saw in Chapter 7, the antibodies in native antisera are often heterogeneous. 
In a given antibody fraction, protective and precipitating powers may be widely dis- 
crepant ; and even where we find a dependable parallelism of the two in native antisera, 
it may, as suggested by the results of Smith’s experiments (see also LyaU 1941), be disturbed 
during their concentration and refinement for therapeutic purposes. 

Chemotherapy ot Acute Lobar Pneumonia. — Since the demonstration of its 
efficacy in acute lobar pneumonia by Evans and Gaisford (1938) sulphapyridine 
has been successfully used in the treatment of all kinds of pneumococcal infections, 
including acute lobar pneumonia (see, for example, Ordman 1939, Ormiston et ah 
1942, Anderson 1943). 

Sulphadiazine and sulphathiazole appear to be equally effective (see Spink 1942) ; 
and sulphamezathine (see Melton 1944) and sulphapyrazine (Ruegsegger et al 1943) have 
been reported on very favourably. Penicillin is likewise said to be of value (Tillett et al 
1944). The relative efficacy, ease of administration, independence of the infecting type 
of pneumococcus, and cheapness of the sulphonamides, has tended to a replacement of 
serum therapy by chemotherapy. As we have seen in Chapter 54, there is every reason 
to believe that different processes are concerned in the antibacterial action of sulphon- 
amides and of specific antibody. We might, therefore, on a priori grounds expect that 
the two together would be more effective than either alone. Finland and Browm (19396), 
for example, demonstrated a synergic effect of the two in combination on the bactericidal 
power of human blood. Wright and Guim (1940), on the other hand, in a test of experi- 
mental Type III pneumonia in rats, found sulphapyridine to be more effective than serum, 
and the combination of serum and drug to be no better than sulphapyridine alone. Clini- 
cally there are few reports that indicate a marked synergic effect. Finland (19426) has 
reviewed the results of a number of clinical trials in America. In a general summary 
of infections by all the Cooper types, the mortality was 30*5 per cent, in 2,473 untreated 
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cases, 14-9 per cent, in 9,053 serum-treated cases, 7*6 per cent, in 12,547 sulplioiiamide- 
treated cases and 134 per cent, in 12,167 patients receiving combined therapy. Por 
individual types, the figures were more variable, serum treatment being more successful 
than sulphonamides in infections with the less common Cooper types. The case mortality 
in the group receiving combined therapy was almost double that in the group receiving 
sulphonamide alone ; but this does not necessarily mean that serum had a deleterious 
effect, for, as Finland points out, it is probable that serum treatment is combined with 
sulphonamides mainly in patients whose illness, by reason of its severity or other prejudicial 
factors, is not responding to the drug ; therefore a higher mortality is in any event to 
be expected in this group (see also Shackman and BuUowa 1943). But aside from case- 
mortality rates, there is clinical evidence of an early crisis and of other improvement 
induced by type-specific serum, which suggest that serum therapy is a useful adjuvant 
to chemotherapy, especially in patients with bactersemia. 

It has been shown that drug-fast pneumococci are sometimes produced by 
sulphonamide therapy of experimentally infected animals (Chapter 54). The 
induction in man of pneumococci sufficiently drug-fast to be a danger to the patient 
himself, or to persons who become infected with the drug-fast strain, appears 
to be a rare event (Grumbach and Hegglin 1942, Hamburger et al. 1943) though 
Frisch, Price and Myers (1943) record cross-infection of a patient with a sulpha- 
diazine-fast Type VIII pneumococcus. It is not possible to judge the magnitude 
of the problem until further evidence is forthcoming. 

Other Possible Methods of Specific Treatment. 

In view of the relatively poor therapeutic powers of Type III antipneumococcal sera, 
and the relative frequency of this type of infection, it is perhaps worth noting an alternative 
method of treating this type of infection ; though, so far as we are aware, no trials in 
man have yet been made (see Cecil et al, 1936). This method depends on an observation 
made by Dubos and Avery (1931). These workers isolated a bacterium which, when 
grown in a synthetic medium containing the specific polysaccharide of Type III pneumo- 
coccus as the source of carbon, elaborates an enzyme that specifically attacks this hapten. 
The enzyme has no bactericidal action on Type III pneumococci, but it attacks the poly- 
saccharide hapten as it is produced by the growing bacterial cells. When mice are injected 
with the specific enzyme together with a fatal dose of virulent Type III i>neumococci 
they are effectively protected (Avery and Dubos 1931) ; and the pi’otection is sharply 
type-specific. The enzyme also exerts a curative action in niice if injected during the 
earlier stages of infection. Goodner, Dubos and Avery (1932) studied the curative action 
of this enzyme on Type HI infections in the rabbit, induced by the intradermal injection 
of a virulent strain. This type of infection, which starts as a spreading local lesion and 
leads, in untreated controls, to an acute bacteroemia fatal on about the 3rd or 4th day, 
offers obvious advantages for studies of this kind as compared with the acutely fatal 
peritoneal infection in the mouse. The enzyme, injected intravenously in adequate 
dosage 24 hours after the intradermal injection of pneumococci, was found to have a 
striking curative effect. In one series of tests, for instance, one of 19 treated animals 
died as compared with 36 of 38 untreated controls. Goodner and Dubos (1932) studied 
the relation between the degree of bacteraemia 24 hours after infection and the curative 
dose of enzyme given at this time. Of 10 rabbits showing 3-10 pneumococci nil. of 
blood and receiving 2-5-100 “units’* of enzyme all survived. Of 11 rabbits showing 
103-630 cocci per ml. of blood, 5 that received 4-10 units died, 6 that received 20-100 
units recovered. Of 9 rabbits showing over 13,000 cocci per ml. of blood and receiving 
5-100 units of enzyme all died. Francis, Terrell, Dubos and Avery (1934) record a series 
of observations on the curative effect of this enzyme on experimental Typo III pneumonia 
in the monltey. In 68 untreated monkeys the mortality was 50 per cent. ; in 40 treated 
monkeys it was 20 per cent, (see also Dubos 1932, 1935, Dubos and Bauer 1935). 
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Prophylactic Immunization against Pneumonia. 

The records ^ of ^ antipneumococcal immunization in laboratory animals are 
and their significance is unequivocal. It is clear that susceptible animalsj 
such as mice and rabbits, can be immunized with almost uniform success against 
infection by the usual routes. More immediately pertinent, perhaps, are the 
observations of Cecil and Blake (1920a, 6, c) and Cecil and Steffen (1923, 1925), 
which showed that monkeys could be immunized with a considerable measure of 
success against intratracheal infection with Type I or Type II pneumococci, though 
the results with Type III were less promising (see also Chapter 50). 

As in serum treatment, however, all the evidence suggests that the immunity 
acquired is predominantly type-specific ; and it is clear that, with so heterogeneous 
a species as the pneumococcus, this factor will seriously limit the usefulness of mass 
immunization. It is possible that vaccination against a few prevalent types might 
produce a significant decrease in the incidence of the disease, even though it failed 
to eliminate it, or to reduce it to negligible proportions ,* but this we can only tell 
by experience. 

The records of field trials on man tell a rather puzzling story. The frequency 
of lobar pneumonia, though very high in the aggregate, is not concentrated on 
particular age groups or confined in considerable part, as are diphtheria and scarlet 
fever, to schools and institutions. There are, however, certain environments that 
entail a particularly high risk of infection ; and, in some of them, trials have been 
carried out on a considerable scale. 

Tlie most extensive data are those provided by the report of Lister (1917) on the 
result of vaccination against pneumonia among the native labourers on the Band mines. 
The numbers at risk were large ; but over the greater part of the period of trial the 
natives were not divided into inoculated and uninoculated groups. An earlier trial (see 
Orenstein 1931), in which 55,900 natives of various tribes had been divided into two 
equal groups, one inoculated and the other uninoculated, had shown a pneumonia incidence 
of 16-4 per 1,000 among the inoculated, 20-6 per 1,000 among the controls. As a result, 
wholesale inoculation was commenced in many mines, and the only basis of comparison 
available is that between the incidence of pneumonia in a particular mine before and 
after the institution of active immunization. As we have seen, this method of com- 
parison is liable to many errors. There was, in fact, a definite fall in the incidence of 
pneumorda following these mass inoculations ; but the pneumonia death rate on the 
Rand had fallen sharply from the high level of 1907-11 before mass immunization was 
instituted, and there is no need to assume that the fall in death rate from 1916-20 
was other than a continuation of the trend that was already well marked over the 
period 1911-14. Orenstein (1931) would attribute the whole downward trend to circum- 
stances other than immunization, in particular to the decrease in the recruitment 
of tropical natives since 1911. If, as seems probable, we can attach little significance 
to the secular change in incidence or mortality we are left with ancillary evidence 
concerning the prevalence of particular infecting types in the pre- and post-inocula- 
tion periods. Lister had previously classified the strains of pneumococci isolated from 
the Rand miners into a series of types, of which A, B and C accounted for more than 
70 per cent, of cases. Subsequent investigations have shown that Lister’s Types A, B 
and 0 correspond to the classical Types V, II and I. Lister at first gave three subcutaneous 
injections consisting of 2 x 10^ cocci of each type. In a particular trial 82 cases of 
pneumonia occurred among some 10,000 inoculated natives ; but none of these were 
due to infection with Type A, B or C. The subsequent history of events on the Rand 
is, however, very difficult to interpret. In 1917 a change was mad© in the constitution 
of the vaccine, each dose containing 1,000,000,000 cocci of each of eight different types 
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(see Ordman 1931). The pneumonia death rate continued to fall till about 1920-22, 
and then rose ; the rise, though not great, was most marked in the last 3 years of the 
period under review — 1927, 1928 and 1929. Orenstein (1931) notes that, in 1929, inocula- 
tion was discontinued in certain mines. The mines in which inoculation was continued 
had a higher attack rate in 1930 than in 1928, while the mines in which inoculation had 
been stopped had a lower attack rate. It may be, as Ordman (1931) has suggested, that 
the more recent failure in immunization was due to a change in the type of infection, 
not only in the prevalent types of pneumococci but in the role played by other bacterial 
species. In so far as this is the case, it illustrates the difficulty of immunizing against 
the clinical syndrome “ pneumonia/’ which after aU is the practical problem to be faced. 

Environmental conditions particularly favourable to the occurrence of lobar pneu- 
monia were provided in some of the camps and depots during the war of 1914-18. Cecil 
(1926) reviews the results of a considerable series of mass inoculations carried out in 
America during the period 1918-19. As in so many of the medical records of the war, 
military exigencies often prevented the fulfilment of the conditions needed for a satis- 
factory statistical comparison. At Camp Upton, among 12,519 vaccinated men no case 
of pneumonia due to Type I, II or III pneumococci occurred during the trial period, 
while 26 cases occurred among 20,000 unvaccinated controls ; but the incidence in the 
controls was very low, and the significance of the difference is rendered doubtful by the 
fact that pneumonias due to other types of pneumococci, and streptococcal pneumonia, 
were also more frequent among the controls than among the inoculated, a result that 
can hardly be attributed to the inoculation. At another depot 38 cases of pneumonia 
w^ere recorded among 48,849 vaccinated men, an incidence of 83-5 per 100,000 ; and 
83 cases among 49,463 unvaccinated men, an incidence of 168 per 100,000. The types 
of infecting pneumococci in this series are not specified. 

A third large-scale trial has been recorded by Malone (1925) and by King (1925). 
This was carried out on Indian troops in the Baluchistan district. The vaccine employed 
contained Type I and Type II pneumococci, 2,500,000,000 of each, and tw^o injections 
were given. Among 2,996 inoculated men the pneumonia incidence was 9*346 per 1,000 ; 
among 5,227 uninoculated controls it was 10-714 per 1,000, a quite insignificant difference. 
The lack of protection could not be ascribed to a difference in the incidence of the different 
pneumococcal types among the inoculated and uninoculated analysis of the type- 
frequencies showed that there was no significant evidence of protection against Types I 
and II. 

The results of immunization with specific polysaccharide are on the whole as equivocal 
as those with vaccines. The studies of Felton and his colleagues in America show clearly 
that Type I and Type II polysaccharides may be as effective as a vaccine of whole bacilli 
in stimulating the production of protectiye antibodies in man, though individual responses 
are highly variable (Felton 1938, Felton, Cameron and Prather 1941, Felton et aL^1941). 
A field test, involving several thousand men in both control and inoculated groups, wa.s 
made in two winter camps. In one, during an average period of observation of 10 weeks, 
the incidence of pneumonia in the uninoculated was 15*69 per 1,000 man-years of exposure 
to the prevailing infections, and 1-73 per 1,000 man-years in the inoculated ; in the other, 
over an average period of observation of 17 weeks the corresponding rates were 7 *28 in 
the uninoculated, 4*34 in the inoculated. The camps differed in many respects, but it is 
possible that the smaller effect of immunization in the second camp was the result of 
the longer period of observation ; if so, it indicates that the protective effect of the inocula- 
tion is of relatively short duration. There was some evidence of protection against 
heterologous as well as homologous types (Ekwurzel et ah 1938). Siegel and Muckenfuss 
(1941), working under different epidemiological conditions, observed a community of 
feeble-minded persons for four years, and could find no evidence that the incidence of 
pneumonia, whether due to homologous or heterologous types, was affected by immuniza- 
tion with a mixture of Types I and II, and later Type III, polysaccharides. 

It may be added that in a number of institutional epidemics due to a known type 
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of pneumococcus, immunization of the population at risk by type-specific vaccines or 
polysaccharides has been followed by marked diminution or cessation of the outbreak 
(Bonne 1936, Smillie 1936, Smillie, Warnock and White 1938, Dauer et al 1941). However, 
the natural and sometimes sudden decline of an epidemic, especially in closed communities' 
is so common a phenomenon that the value of the vaccines in these cases cannot be assessed 
with any confidence. 

In summctry, it would seem fair to conclude that there is presumptive evidence, 
based on animal experiments, that immunization with particular types of piieu' 
mococci will afford some increase in resistance to infection with these types. This 
evidence has not been strengthened by the results of recorded trials in man ; 
and it would seem that, with our present methods, the increase in resistance attained 
is either slight or transient. It may he, as Felton and Prather (1939) suggest, 
that the small proportion of persons who react feebly to a pneumococcal antigen 
are naturally more liable than the good reactors to infection with that type of 
pneumococcus ; so that unless feeble reactors are selected for intensive immuniza- 
tion, the community as a whole may not benefit from immunization. Good 
reactors presumably respond rapidly to infection by an epidemic type of pneumo- 
coccus, and become carriers. The fact that, in a number of small outbreaks, a 
high proportion of the contact-carriers have been found to develop type-specific 
protective antibodies (see Finland, Brown and Barnes 1940, Plummer and Ensworth 
1941, Eogers et aL 1943) is in accord with this view. 

It is possible that chemoprophylaxis will prove more effective than vaccination 
in conferring protection on specially exposed or susceptible populations; but 
though a number of claims for the value of this method have been made, no one 
of the large-scale trials of sulphonamide on which they are based has been carried 
out under such conditions as to carry complete conviction. 

Skin Reactions in Pneumonia. 

We may close this section by noting certain observations which, though not 
immediately applicable to the practical control of the disease, have considerable 
theoretical significance. 

TiUett and Francis ( 1929) tested the effect of intradermal injections of purified pneu- 
mococcal polysaccharide, and of pneumococcal protein, into patients suffering from 
pneumonia. They found that convalescent patients reacted to the injection of the 
polysaccharide by developing a wheal-and-erythema reaction which appeared within 
30-60 minutes and then rapidly faded. This reaction was t 3 ^e-specific. Injection of 
pneumococcal protein, on the other hand, produced a delayed erythematous reaction 
reaching its height in 18-24 hours. This reaction was not type-specific. Finland and 
Sutliff (1931a, 6) confirmed these observations, noting that the wheal-and-eiythema 
reaction appears at or about the time of the crisis in patients who recover, while it is 
usually absent in cases that end fatally. In certain groups of subjects in whom repeated 
tests were carried out, they found that skin-sensitivity to the later injections appeared 
to develop as the result of the earlier ones. They also observed (Finland and Sutliff 
1931a) that skin sensitivity was induced by the intravenous administration of an anti- 
pneumococcal serum. Francis (1933) records an extended experience of the occur- 
rence of the immediate wheal-and-erythema reaction in 53 cases of Type I pneumonia, 
48 of which were treated with Type I antipneumococcal serum. The results confirmed 
his previous finding that the appearance of the reaction has a favourable prognostic 
significance, and that its absence is suggestive of a fatal issue. The appearance of the 
reaction is correlated with the presence of specific antibodies in the blood, in the sense 
that the skin reaction is never present if antibodies are absent ; but the skin test may 
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be negative though circulating antibodies are present, and its absence, even in such cases, 
seems to retain its bad prognostic significance. Finland and Dowling (1935) record a 
further study of the response to the intradermal injection of pneumococcal polysaccharide, 
in which they were able to show that the injection of purified polysaccharide, prepared 
by two different methods, induced characteristic skin sensitivity and, in addition, led 
to the appearance of specific antibodies in the serum. Subsequent work has not confirmed 
the high degree of correlation between the presence of antibody and the immediate skin 
reaction, particularly in naturally immune persons, though the correlation is better in 
specifically immunized persons (see Finland and Brown 1938, Felton and Prather 1939). 

These observations are of interest in that they provide confirmation of the 
antigenicity of the polysaccharides in man, and indicate that a specific cell activity, 
associated with, but not entirely determined by, the presence of antibodies in the 
blood, is an important factor in the protective mechanisms of the tissues. Their 
significance is clearly not confined to the particular case of pneumonia. 

Felton and Prather (1939) record that in man a negative reaction to an intradermal 
injection of a compound of specific polysaccharide with homologous antibody may be 
used to indicate the presence of antibody in the circulation. It remains to note that the 
presence in the serum of the “ C -reactive ” substance during the acute stage of pneumonia 
and other febrile diseases (see Chapter 49) is accompanied by a skin reactivity to the 
0-substance of the pneumococcal ceU (Francis and Aberncthy 1934). 

Pneumonia in the Lowebp* Animals due to J/. BitONaEiSEPTiovs 

In 1911 M'Gowan isolated H, bronchisepticus from the respiratory tract of a number 
of dogs, cats, rabbits and guinea-pigs. He regarded the organism as a primary cause 
of canine distemper — a view that has since been disproved (see Chapter 88). H. bronchi^ 
septicus is now known to be a frequent cause of infectious pneumonia in the lower animals, 
particularly in guinea-pigs (Smith 1913). It is present often in pure culture in the bronchi. 
Injected intraperitoneally into guinea-pigs in a dose of 0-5 ml. of a 24-hours’ broth culture 
it causes death in 24 to 48 hours ; post mortem there are small hiemorrhages on the peri- 
toneum, and a viscid translucent exudate forming pseudomembranes on the liver, spleen, 
and the less mobile parts of the intestine ; the bacilli are easily recovered from the peri- 
toneal cavity, but with difficulty from the blood, liver or lungs. Subcutaneous injection 
produces a local lesion only ; feeding and inhalation are without effect. The organism 
is non-pathogenio to mice. It rapidly loses its virulence in culture outside the body. 
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CHAPTER 75 


UNDULANT FEVER, CONTAGIOUS ABORTION OF CATTLE, AND 
ALLIED INFECTIONS. TULARH5MIA 

UNDULANT FEVER 

Evee since the time of Hippocrates a low type of fever characterized by fairly 
regular remissions or intermissions has been recognized along the Mediterranean 
littoral. Several names have been applied to it, of which Malta fever and Mediter- 
ranean fever are the two best known. In 1887 Bruce reported the discovery of a 
small micro-organism, which he called Micrococcus melilensis, in the spleen of 
patients dying of the disease. Its injection into monkeys gave rise to a remittent 
fever, sometimes terminating fatally, and the organism was recovered in pure 
culture from the liver and spleen. Nearly 20 years later Zammit (1905) of the 
Malta Board of Health showed that the organism also infected goats. Further 
work rendered it evident that the goat was in fact the natural host of Hr. meli- 
iensis, and that infection was carried to man by the consumption of raw milk. 

In 1918 Evans drew attention to the similarity between the organism isolated 
from Malta fever and that described by Bang (1897) as the cause of a widespread 
disease in cattle known as contagious abortion. Her observations were soon 
confirmed, and in honour of Sir David Bruce the generic name Brucella was pro- 
posed for the two organisms. The close similarity between Br. melitensis and 
Br. abortus suggested the possibility that this latter organism might be pathogenic 
for human beings. It was not long before Bevan (1921-22) brought evidence to 
prove the correctness of this surmise. He drew attention to the occurrence in 
Southern Rhodesia of cases of undulant fever affecting persons who had apparently 
had no direct or indirect contact with goats. In the areas concerned epizootic 
abortion of cattle was prevalent, and it appeared probable that infection was being 
transferred to man by raw cow’s milk. Numerous investigators turned their 
attention to this subject, and before long cases of undulant fever due to Br. abortus 
had been reported from practically every country in the world. 

A third causal agent of this disease is Brucella suis — an organism originally 
described by Traum (1914) in the United States. Its natural habitat is the pig. 
Man becomes infected chiefly by contact with diseased carcasses, and undulant 
fever due to this organism has therefore a very definite occupational incidence. 

These findings have necessitated a reconsideration of the nomenclature of the 
disease. Since all three organisms give rise to very much the same symptoms 
in man, and since Brucella infections are now known to be widespread over the 
globe, the term Malta fever is no longer generally applicable. It is being gradually 
replaced by the term undulant fever, which is free from any geographical connota- 
tion. Though this term is satisfactory for febrile infections, it is rather misleading 
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if used in reference to non-febrile infections with. Brucella organisms, which are 
now being recognized as increasingly common. Hence the term Bruceliosis has 
been suggested on analogy with tuberculosis, to apply to all types of Brucella 
infections, febrile or non-febrile, overt or latent, in animals or in man. This term 
has little to recommend it, since these considerations apply almost equally to dis- 
eases caused by other infective agents. We prefer ourselves to use instead the 
term Brucella infection,” 

For the sake of clarity we propose to give a separate description of the epide- 
miology of undulant fever in man due to the three type organisms. We shall 
deal first with infections caused by Br, onelitensis, including in our description the 
general symptomatology and bacteriology of the disease. 


Undulant Fever due to Br. melitensis 

Synonyms : Malta fever, Mediterranean fever, jSTeapolitan fever, Country fever 
of Constantinople, New fever of Crete, Rock fever of Gibraltar. French : 
Melitococcie. 

Quoting from the classical monograph of Hughes (1897) : “ Clinically, the 
fever has a peculiarly irregular temperature curve, consisting of intermittent waves 
or undulations of pyrexia, of a distinctly remittent character. These pyrexia! 
waves or undulations last, as a rule, from 1 to 3 weeks, with an apyrexial interval, 
or period of temporary abatement of pyrexial intensity between, lasting for 2 or 
more days. . . . This pyrexia is usually accompanied by obstinate constipation, 
progressive ansemia, and debility. It is often complicated with, and followed by, 
neuralgic symptoms referred to the peripheral or central nervous system ; arthritic 
effusions ; painful inflammatory conditions of certain fibrous structures, of a 
localized nature ; or swelling of the testicles.” Numerous clinical types are recog- 
nized, such as the malignant, the undulatory, the intermittent, and the irregular 
type. In addition, there are subclinical infections, which can be diagnosed only by 
bacteriological methods, and infections that may remain latent for weeks or months 
before flaring up or retrogressing. For a description of these the reader is referred 
to Marston (1863), who first differentiated Malta fever from other fevers, to Hughes 
(1897), whose clinical study has never been improved upon, and more recently to 
Rainsford (1935) and Lisbonne and Janbon (1935). Several complications may 
occur, beyond those already mentioned, including osteomyelitis, which usually 
takes the form of localized bone abscesses, bronchitis, and acute inflammation of 
one or other of the visceral organs (see Michel-Bechet et al. 1939). 

The commonest symptoms are probably asthenia, fever, muscular and articular 
pains, nocturnal sweats — often drenching — anorexia, constipation, nervous irri- 
tability, and chills or rigors (Taylor and Hazemann 1932). 

The incubation period is variable. It may be as short as a week or as long as 
several months. Most commonly it is 10-30 days. The duration of the illness 
varies from a few days to over a year, 3 months being the usual time. 

Bacteriology. 

Bacteriologically, the work of Bruce (1887, 1888, 1893), of Hughes (1893, 1897), 
and of the Mediterranean Fever Commission (Report 1905-07) showed that the 
disease was a septicaemia. Working in Malta, Bruce (1893) was able on two occa- 
sions to grow the organism from the juice obtained by splenic puncture, and subse- 
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quent observers sbowed tbat, in tbe early stages of tbe disease, Br, melltensis could 
frequently be isolated from the peripheral blood. The post-mortem appearances 
agreed with this interpretation ; there was an increase of pericardial fluid, con- 
gestion and enlargement of the liver, and great hypertrophy of the spleen. The 
presence of small areas of congestion in the mucosa and submucosa of the intestine, 
and the enlargement of the mesenteric glands, the interior of which often consisted 
of semi-purulent material, were suggestive of an alimentary mode of infection. 
Cultures taken post mortem from the spleen, liver, and lymphatic glands were 
positive in 100 per cent, of cases, from the kidney in 85 per cent., and from the 
heart blood, pericardial fluid and bone marrow in about 50 per cent. (Kennedy 
1906). Bf. melitensis was never found in the saliva nor in the sweat of patients, 
but it was shown to be quite commonly excreted in the urine. Kennedy (1905), 
who made a special study of this point, examined no fewer than 1,974 specimens 
of urine from 61 difierent patients. In 186 of the samples from 33 of the cases 
he obtained positive cultures. In a series of 43 cases, in which 20 or more samples 
from each patient were examined, the organism was isolated from 31. Often 
the organism could be detected for only 1 day ; sometimes it was excreted daily 
for 2 or 3 weeks. From these figures it may be concluded that, at some time 
or another, probably at least 75 per cent, of patients suffering from Malta fever 
pass the specific agent in their urine ; this excretion may be sudden and 
transitory, or it may last for weeks, extending onwards into convalescence. 

As the organism is not infrequently found post mortem in the gall-bladder, 
it is reasonable to suppose that it must be excreted in the foeces. This is prob- 
ably so, but the technical difficulties of isolating it are considerable. Eyre (1908), 
however, obtained a positive culture from the colon of a case which came to 
autopsy. 

Outside the body, the organism was found to be fairly resistant ; dried on 
cloth, it remained alive for 17 days, in dust for 44 days, and in sterile tap- water 
for 20 days (Kennedy 1905). 

Epidemiology in Malta. — The epidemiology of undulant fever due to Br, meli- 
tensis varies in different countries. Since it has been studied most fully in Malta, 
we may review briefly the findings of the Mediterranean Fever Commission (Report 
1905-07) in this island. The maximum incidence rate in Malta was foimd to occur 
in July and August. Generally speaking, it varied directly with the atmospheric 
temperature and inversely with the rainfall. The most susceptible age was between 
11 and 30 years, but the disease occurred at any time of life. The upper classes 
of the civilian population and the officers of the services suffered more heavily than 
the lower classes and the non-commissioned ranks respectively. During the 33 
years 1859-91 the incidence of the disease varied between 269-5 per 1,000 in 1859 
and 91*2 per 1,000 in 1888. In spite of this comparatively high rate of morbidity, 
the mortality rate was low — about 2 per cent. But the duration of the fever and 
the prolonged disability following its actual termination combined to render it a 
potent cause of invalidity. 

At the time of the Commission’s appointment the mode of infection was still 
unknown. Several ways were suggested, but little evidence was produced in 
favour of any particular one. Johnstone (1905), who conducted an epidemiological 
inquiry into the disease, reported that neither food nor drink appeared to have 
any marked connection with the spread of the fever ; nor did dust infection or 
direct personal contagion play a part. Similarly Davies (1906) concluded that 
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neitlier water, milk, nor any otker articles of food seemed to be responsible in 
any way ; lie favoured a theory of contagion, either direct or through the agency 
of moquitoes. 

It was left to Zammit of the Malta Board of Health, and a member of the 
Commission on Mediterranean Fever, to indicate the true path of infection. In 
his first communication (1905) he reported that 5 out of 6 "goats which he had 
examined gave a positive agglutination reaction to Br, melitensis. From the 
blood of two of these animals, he succeeded in cultivating the actual organism 
itself. Horrocks (1905) rapidly confirmed this, and further demonstrated the 
frequent presence of Br. melitensis in the milk and the urine of apparently healthy 
goats. Kennedy (1905), who examined the blood serum of 161 goats from 8 
difierent herds, demonstrated the presence of specific agglutinins in no fewer than 
84 or 52-2 per cent, of specimens. This high incidence of infection was found 
to exist not only in the public herds, but in those animals that were kept privately 
under special care. 

As it was evident that goats'" milk was probably the main source of infection, 
it was desirable to ascertain on a large scale the proportion of infected animals. 
For this purpose, Zammit ’s test was found to be of great value. It consists in 
observing the presence of agglutinins, not in the blood serum, but in the milk of 
the goats. The proportion of infected goats judged by this test is definitely lower 
than that given by the serum agglutination test, since only 60-85 per cent, of 
the animals showing blood agglutinins also contain agglutinins in their milk, 
Zammit (1906) examined 710 samples of milk, and obtained 133 positive reactions. 
From every milk giving a strong reaction he was able to isolate Br. melitensis 
in culture. Horrocks and Kennedy (1906), who made numerous investigations 
both by the serum and by the mdik agglutination test, came to the conclusion 
that 41 per cent, of the goats in Malta were infected, and that 10 per cent, of those 
that supplied milk were excreting Br. melitensis. It was found difficult to recognize 
the infected animals on clinical grounds ; they did not suffer from a true fever, 
and though some showed loss of weight, a thinning of the coat, and a short 
hacking cough, others remained perfectly well and displayed no sign of illness. 
The amount of milk secreted was likewise no criterion, for the infected animals 
frequently yielded as much and more than the non-infected ones. 

From these investigations it was apparent that the goats of Malta were heavily 
infected with Br. melitensis, and that about 10 per cent, of the milch goats were 
excreting this organism in their milk. As the majority of milk consumed in the 
island was goats’ milk — cows are few owing to insufficient pasturage — ^it was easy 
to see how the disease might be transmitted to human beings. 

Steps were taken by both the Navy and the Army, in 1906, to stop the supply of 
goats’ milk to the troops. The result was most striking. Within a year the disease 
had been practically eradicated, only a few easily explained cases occurring. 
Amongst the ciyil population, such radical steps could not be taken ; the gradually 
decreasing incidence observed during the following years was largely due to the 
killing off of many of the infected goats (Table 162). 

This method, however, afforded no permanent protection, and the disease con- 
tinued to exact a heavy toll. Of recent years it has been increasing in extent and 
severity among the civil population. There has, in fact, been a steady rise 
from 1926, when there were 596 cases with 27 deaths, till 1934, when there were 
1,909 cases with 88 deaths. 
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TABLE 162 (taken from Eyre 1908, 1912), 



Civil. 

Xavy. 

Army. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

1901 . 


642 

54 

252 

3 

253 

9 

1902 . 

. 

624 

45 

354 

2 

155 

6 

1903 . 


689 

48 

339 

6 

404 

9 

1904 . 


573 

59 

333 

8 

320 

12 

1905 . 


663 

88 

270 

7 

643 

16 

1906 . 


822 

117 

145 

4 

163 

2 

1907 . 


714 

78 

12 

0 

9 

1 

1908 . 


602 

? 

6 

— 

6 

? 

1909 . 


456 

? 

10 

— 

1 

? 

1910 . 


318 


3 

7 

1 1 

? 


Consumption of goats’ milk was not the only method of infection, though it 
was undoubtedly the most important for the troops and naval ratings on the island. 
Contamination of the skin or mucosae with infective material — particularly common 
in laboratory workers — afforded another method. Occasionally infection appeared 
to be insect-borne, or transmitted by sexual congress (Eyre, McNaught, Kennedy, 
and Zammit 1907). 

The history of Malta fever is instructive. In the first place, it affords an 
excellent example of a disease whose incidence was not immediately affected by 
the discovery of the causative agent. In order to prevent a disease, it is not 
necessary to know the causative agent, so long as we know the way in which it 
spreads. Once this is known, the steps necessary for limiting it may be con- 
sidered. In some cases, as in that of milk-borne disease, the steps may be rela- 
tively simple ; stop the supply of milk, or insist on its adequate heat treatment, 
and the infection can no longer be transmitted to human beings. In other cases, 
notably the respiratory diseases, the problem is more difficult. No satisfactory 
method for preventing the inhalation of infected material has yet been devised ,* 
and until this proves possible, measures against these diseases will be more profit- 
ably directed towards increasing the host resistance than to interfering with the 
spread of infection. 

The second point of interest is that, in an epidemiological inquiry, it is harder 
to assess the importance of a given factor when it operates more or less uniformly 
throughout a population, than when it is distributed in such a way as to affect 
different sections unevenly. Both the epidemiologists who investigated the disease 
in Malta (Johnstone 1905, Davies 1906) reported that there was no evidence to 
suggest that infection was conveyed by food. Both of them overlooked the 
fact that a disease spread by an article of almost universal consumption, such 
as goats’ milk, would show little preference for any one class of the population, 
if the contamination of the milk were widespread and frequent, rather than local 
and occasional. The clue to the problem was furnished by the bacteriologist. 
It was this second discovery, that a large proportion of goats contained agglu- 
tinins in their blood for Br. melitensisj which complemented the first discovery, 
that of the organism itself, and pointed out the way by which the spread of 
the disease might be checked. 

(Eor an excellent account of the epidemiology of Malta fever in the Royal Na v'y, 
see Dudley 1931.) 
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Epidemiology in Other Countries. — The next most important bacteriological and 
epidemiological study of the disease has been made by Taylor and his colleagues in the 
South of France, working at the Undulant Fever Centre established at Montpellier by 
the Eockefeller Foundation (see Taylor and Hazemann 1932, Taylor, Lisbonne, and 
Eoman 1932, Taylor, Lisbonne, and Yidal 1935, Taylor et al, 1938a). The disease 
was found to be widespread in the south-east of France, w^here sheep and goats 
are common and cattle are relatively few. The incidence in males was 2-3 times 
that in females, and was highest in the 15-45 age group. The occupational inci- 
dence was very striking, the majority of the cases occurring in the agricultural 
community, especially among those engaged in jearing sheep and goats. The 
seasonal prevalence was at its maximum in the spring, corresponding to the time 
of lambing and abortion. Though the consumption of goats' milk, and of fresh 
cheese made from goats’ or ewes’ milk, undoubtedly played some part in infection 
(see Carrieu and Lafenetre 1932, Veloppe and Jaubert 1935), the evidence on the 
whole suggested that infection most frequently re.sulted from direct contact with 
infected animals and manure. In a population, however, bving under very 
primitive conditions, and exposed to many sources of infection, it was difficult 
to ascertain with certainty which was the most important route by which the 
organisms gained access to the body. The very interesting observation was made 
(Taylor, Yidal and Roman 1934) that cows in close contact with sheep and goats 
might become infected with Br. melitensis, excrete this organism for months in 
the milk, and give rise to undulant fever in human beings consuming it in the 
raw condition. _ 

The disease affects several other countries, including Italy, Spain, Greece, 
Transcaucasia, Algeria, Tunis, Palestine, Arabia, India, South Africa, China, and 
various parts of South America. Like Malta, Corsica and Sicily are seriously 
affected. In this country, owing to the absence of melitensis infection in sheep 
and goats, disease due to this organism does not occur. In the United States 
there is a certain amount of undulant fever due to Br, melitensis in the goat-raising 
areas, but most of it is due to Br, abortus and Br. suis. 

Undulant Fever due to Br. abortus 

In its general symptomatology and bacteriology this disease resembles that 
caused by Br. melitensis. Though, as will be pointed out later, the ability of Br, 
abortus to give rise to undulant fever is less than that of Br. melitensis, once the 
typical disease has developed, it seems to pursue its course more or less independ- 
ently of the type of the causative organism. The incubation period is very variable, 
ranging from a week or so to 6 months or more (see Hardy, Frant and Kroll 1938). 
The average duration of the disease is 3 months, and the case mortality about 
2 per cent. Besides typical cases, however, a considerable number of so-called 
subclinical infections occur, characterized by only slight pyrexia and by a variety 
of different symptoms. Evans (1934) draws attention to the frequency in these 
patients of exhaustion, insomnia, irritability, and subjective disturbances, leading 
to a diagnosis of neurasthenia. Sometimes there is an acute influenza-like illness 
lasting for not more than a week, while at others a low intermittent fever may 
persist for months or even years. Acute abdominal symptoms are not uncommon, 
and in several patients an appendicectomy or cholecystectomy has been performed 
before the real nature of the disease was recognized (Simpson 1930). Chronic 
infections may occur (see Evans et al. 1938, Calder 1939). 

■n 'o 3 X 
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Infection during pregnancy is sometimes, but not often, followed by abortion. 
The organism may be isolated from the placenta and uterus of the mother and 
from the stomach contents of the foetus (see Kristensen and Holm 1929, Spengler 
1929, Simpson 1930, Alessandrini and Pacelli 1932, Habs 1933a, Lauda 1934, 
Menzani and de Zanche 1934). 

Frequency. — Though the disease is widespread throughout the world, its 
frequency is difScult to assess. As in tuberculosis, the reported cases may bear 
very little relation to the real incidence of infection. The reason for this is partly 
that the disease is still unknown to many practitioners, partly that it is impossible 
to diagnose with certainty except by bacteriological methods, and partly that in 
several countries, including Great Britain, the disease is not reportable. The 
so-called reported cases often refer to mere collections by private persons. The 
nearest approach we can make to ascertaining the incidence of the disease is by 
indirect methods, particularly by noting the proportion of sera from patients with 
undiagnosed pyrexia which agglutinate Br. abortus to a signihcant titre. In some 
countries, such as Denmark, where serological examination of pyrexial patients 
is common, and where all sera are examined under standard conditions in one 
central laboratory, it is easy by this means to obtain a fair estimate of the fre- 
quency of active infection with Br. abortus. In other countries, such as our own, 
where serological examination, especially in rural areas, is more restricted, and 
where sera are examined in multiple scattered laboratories, collection and integra- 
tion of the data are very much harder. With reservations to be made later for 
certain occupational classes which are exposed to frequent infection with Br. 
abortus, a titre of 1/80 or over in febrile patients can be regarded as probably indi- 
cative of active infection. Having ascertained the proportion of Widal sera agglu- 
tinating Br. abortus, the probable number of cases of infection can be calculated, 
either directly if the total number of Widal sera examined in the whole country 
is known, or indirectly by a method described elsewhere (Wilson 1932a). The 
results obtained (see Table 163) are essentially estimates, and probably err on the 
conservative side. (For references to figures used, sec Kristensen and Holm 1929, 
Holl 1930, Weigmann 1931, Bijl and v.d. Hoeden 1931, Slipfle and Hofmann 1932, 
Bach 1932, Fried 1932, Grumbach and Grilichess 1932, Messer 1932, Dettling 1932, 
Wade 1933, Hall 1933, Euss 1934, Kalbfleisch and Kalbfieisch 1935.) It will be 

TABLE 163 


PaopoBTioN OP WiDAii Seba AGGLUTiNATim Br. ahortuB TO 1/80 OB OV 32 B, AND Estimated 
Annual Number op Undulant Fever Cases about 1930. 

(Data compiled from several papers in different countries ; for references, see text.) 


Country. 

No. of Sera 
Examined. 

No 

Positive. 

Percentage 

Positive. 

Estimated Annual 
Number of 
Undulant Fever 
Cases. 

No. of Cases 
per 1,000,000 
Population. 

Great Britain 

3,175 

101 

3*18 

440 

11 

Germany 

9,397 

323 

344 

i 600 

10 

Austria 

9,693 

177 

1-83 

: 60 

! 8 

Switzerland .... 

1,603 

91 

64 

! 340 

84 

Holland 

4,600 

60 

141 

1 90 

! 12 

Denmark 

4,623 

600 

10-82 

1 500 

i 147 

Sweden 

— 

— 


; 120 

20 
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seen that the incidence of the disease, calculated per million of the population, 
is much the same in Great Britain, Germany, Austria, Holland, and Svreden, but 
that it is considerably higher in Switzerland and Denmark. In the United States 
undulant fever is known to be very prevalent, but as some of the cases are due to 
infection with Br, suis, and the antigenic structure of this organism is closely related 
to that of Br. abortus (see Chapter 3d), figures based on agglutination results 
are not strictly comparable with those just given. There is evidence to suggest 
that the different incidence in different countries is dependent to some extent <on 
the frequency of contagious abortion in cattle, and the degree of exposure of the 
human population, though other factors undoubtedly play a part (Henricsson 
1932, Olin 1935). Some of the difference is almost certainly more apparent than 
real, and is due to the much better diagnostic facilities available in certain countries 
than others. Further data on the incidence of the disease may be consulted for 
Great Britain (Menton 1937), Yugoslavia (Simitch and Djourichitch 1936), South 
Africa (Campbell and Greenfield 1937) and Canada (Dolman and Hudson 1938). 

Latent Infections. — Besides definite clinical disease, Br. abortus gives rise to a 
considerable amount of latent infection. Examination of Wassermann sera in 
this country and in Germany shows that about 1-5 per cent, agglutinate Br. 
abortus to a titre of 1/40 or over. The titre is generally less than 1/160, and high 
titres, such as those yielded by the majority of sera from patients with undulant 
fever, are uncommon. A certain proportion of these sera are derived from patients 
actually suffering from the disease. The majority, however, come from persons 
with no clinical evidence of undulant fever. The probability is that these agglu- 
tinins are due to latent infections with Br. abortus. This interpretation is sup- 
ported by two facts. The first is that agglutinins, even in a titre of 1/20, are rarely 
present in the sera of persons who do not drink raw milk or cream, and who are 
not exposed to contact with infected animals. The second is that agglutinins are 
present in quite a high proportion of persons who drink considerable quantities 
of infected raw milk or cream, or whose duties bring them into close contact with 
infected animals (Table 164). (For references to figures used, see Lentze 1930, 
Martin and Myers 1931, Maclean 1932, Wilson 19326, Starr and Maxcy 1933, 
Molinelli, 1933, 1934, Hermann et al. 1934, v. Berkessy and Simon 1934, v. Berkessy 
1935, Zimmermann 1935, Rossi 1935) (see also Beattie 1938).) The figures given 
in the table include the United States and the Argentine, in both of which countries 
there is some infection with Br. suis, but it will be seen that in all countries about 
10-20 per cent, of persons in these special occupational classes contained agglutinins 
to Brucella. Investigation showed that some of these persons were suffering from 
undulant fever at the time of examination, or had recently recovered from it, 
but most of them had no symptoms indicative of active infection. An exception 
should perhaps be made for veterinary surgeons, several of whom suffered from 
an allergic condition, which manifested itself in the form of a rash on the arm 
developing after '' cleansing,’’ i.e., evacuation of the cow’s uterus (see Huddleson 
and Johnson 1930, Haxthausen and Thomsen 1931, Wilson 19326, Thomsen 1937c). 

The conclusion seems to be that infection with Br, abortus resembles in many 
respects infection with the tubercle bacillus. Both organisms have a fairly high 
degree of infectivity enabling them to establish themselves, at least temporarily, 
in the tissues. Neither of them, however, has a high pathogenicity, so that in the 
majority of persons the infection remains latent or retrogresses. Only in a small 
proportion of infected persons are the conditions favourable for the production 
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TABLE 164 

Peopoetion of seea AGGLUTiNATma Br. abortus to 1/40 oe ovee iit Persons exposed tc 

Infection. 

(Data compiled from several papers in different countries ; for references, see text.) 


Occupational 

Class. 

Country. 

No. of Sera. 

Xo. Positive. 

Percentage 

Positive. 

Milk and 

Earm 

Germany 

220 

31 

14d 

Hungary 

03 

10 

15-9 

Mew Zealand 

104 

17 

16-4 

Employees 

Argentine 

136 

16 

1L8 


Great Britain 

206 

27 

13-1 

Slaughterers 

Hungary 

U.S.A 

93 

452 

21 

62 

22-6 

13*7 


Argentine 

1,776 

191 

10-8 


Great Britain 

63 

13 

20-6 


Erance 

28 

7 

25-0 

Veterinarians 

Denmark 

94 

22 

23-4 


U.S.A 

715 

92 

12*9 


Argentine 

no 

29 

264 


of clinically detectable disease. It is probable that latent infections often lead tc 
latent immunization, thus explaining wby undulant fever does not occur more 
often than it apparently does in veterinarians. There is also evidence to suggesi 
that persons who are exposed to heavy infection for the first time, or after a long 
interval of freedom from exposure, are more likely to develop the disease thar 
those who are exposed to mild infection more or less continuously. Garrod (1937] 
has drawn attention to the susceptility of Br. abortus to the bactericidal actior 
of the gastric juice, and suggests that this may be one reason why undulant fevea 
is not commoner than it is. It would be idle to pretend, however, that we have 
any exact knowledge of the factors determining the course of infection in anj 
given individual, and those who deny the pathogenicity of Br. abortus for man 
because not every exposed person develops the disease, must be wholly unaware 
of the complexity of the equilibrium existing between host and parasite. The 
possibility that strains of Br. abortus vary in virulence must be considered, bui 
so far there is no evidence to support it (see Birch and Gilman 1935, Olin 1935.] 

Mode of Infection. — The mode of infection varies in different countries aud ir 
different parts of the same country. The main source is obviously cattle, and mar 
becomes infected by consumption of raw milk or cream, or by contact with infectec 
animals, either alive or dead. Generally speaking, the town population is exposec 
to infection from milk, while the country population is exposed to both milk-borne 
and direct contact infection. 

hTumerous records in different countries show that a considerable proportion 
of samples of raw milk coming from infected herds contain living abortus bacilli 
In Great Britain about 20-30 per cent, of herd samples are infected. Experience 
has shown that consumjption of raw infected milk is attended by a certain risk o 
contracting the disease, whereas consumption of the same milk after pasteurizatior 
or other effective heat treatment is harmless. In London, where about 98 pe] 
cent, of the milk is heat-treated, and in the large cities of the United States 
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where most of the milk is pasteurized, undulant fever is practically unknown. 
The cases that do occur are mostly among those who drink Certified or other types 
of raw milk, either at home or on a visit to the country. 

Several careful studies made in institutions and small communities supplied 
with infected raw milk have shown that a considerable proportion of the population 
develop serum agglutinins, that a small proportion suffer from subclinical and 
clinical forms of undulant fever, while, in a larger proportion, the infection remains 
completely latent. Eemoval of the infected animals, or pasteurization of the 
milk supply, is followed by cessation of clinical illness and by a gradual disap- 
pearance of agglutinins from the sera of latently infected persons (see King and 
Caldwell 1929, Hasseltine and Knight 1931, Sasano, Caldwell and Medlar 1931, 
Dooley 1932, Johns, Campbell and Tennant 1932, Wilcox 1932, Carpenter and Boak 
1933, Welch and Mickle 1933, Hall and Learmonth 1931, Cameron and Wells 1934, 
Stone and Bogen 1935, von Engel 1938, Elkington et al. 1940, Cruickshank and 
Stevenson 1942). 

It may be pointed out here that alimentary infection is almost always due to 
the consumption of raw milk or cream. Butter and cheese, except when made from 
untreated milk and consumed within a week or two, are probably inoffensive, 
since the organisms die out very rapidly as the result of lactic fermentation (Maze 
and Cesari 1931, Carolina 1936, Taylor ei al. 1938<a). Moreover, a large proportion 
of manufactured butter is made from pasteurized cream in which the organisms 
are destroyed (see Smith, J., 1934a, Pullinger 1935). One curious laboratory 
outbreak, possibly associated with defective plumbing, is on record (Huddleson 
and Hunger 1940). 

Contact infections are mainly occupational, occurring in towns among slaugh- 
terers, and in the country among the farming population. Since the latter class, 
in particular, is usually exposed to infection from raw milk, the parts played by 
the two sources of infection are very difficult to determine. In countries with a 
large agricultural population, such as Denmark, it follows that the incidence of 
undulant fever is greater in rural than in urban districts, whereas in countries such 
as our own, where about 80 per cent, of the population is concentrated in towns, 
the reverse holds true. Contact infection is mainly from cattle, but horses and 
even dogs may at times constitute the source of infection (Menzani 1932). In 
both town and country the brunt of the disease is generally borne by adult males. 
The incidence is usually highest in the 15-45 age group, and is two to three times 
as high in males as in females. . The age and sex incidence in country districts seems 
readily understandable, because of the predominance of male workers in contact 
with cattle, but in towns it is more puzzling. There is some evidence that in towns 
latent infections are commoner in women than in men, but that overt infections 
are commoner in men than in women (Harrison and Wilson 1928). The suggestion 
is that the greater consumption of raw milk in females confers on them an immunity 
which is often lacking in males, so that when the latter are exposed to infection, 
they prove more susceptible. Much the same argument has been used by Henrics- 
son (1932) to explain why, in Sweden, more cases occur in the town than the 
country, namely, that the rural becomes better immunized than the urban popula- 
tion as the result of more frequent exposure to infection. Some workers (Hardy 
et al. 1931) have found that in towns males and females are affected more evenly 
than in the country, but there are numerous other observations to show that even 
in towns the adult male population provides the bulk of the cases. 
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Laboratory infections, tliougli less common than with Br. melitensis, are by no 
means infrequent, and probably occur through contamination of the abraded skin 
or the conjunctiva with infective material (see Meyer 1933, Meyer and Eddie 1941). 
The incidence in veterinary surgeons seems to be definitely higher than in the 
general population, but the information available from different countries is rather 
conflicting (see Spengler 1929, Huddleson and Johnson 1930, Knoth 1930(2, Makka- 
wejsky and Karkadinowsky 1930, Thomsen 1932a, Wilson 19326, Herrmann et al. 

1934, Khaum and Liedl 1935). Quite a high proportion of those engaged in 
cleansing ” develop the peculiar skin rash to which allusion has already been 

made. Both infants and children suffer from the disease, but very much less 
frequently than adults. 

(Eor general epidemiological studies and reviews of the disease, in addition to 
those already quoted, see Simpson and Fraizer 1929, Dalrymple-Champneys 1929, 
1931, 1934, 1935 ; Darsin 1930, Wallace 1930, Atwood and Hasseltine 1930, Zeller 
1931, Tebbutt and Marsh 1931, Cruickshank and Barbour 1931, Smith 1932a, 
Schittenhelm 1932, Hardy, Jordan and Borts 1932, 1936, Mackie 1933, Habs 19336, 

1935, Steyrer 1934, Meyer et al, 1934a, Meyer 1938, McNabb 1934, Eeport 1934, 
Giltner 1934, Beattie, Smith and Tulloch 1935, Wilson 1935, Taylor et al. 1938a, 
Huddleson 1939.) 


TJndulant Fever due to Br. suis 

Probably the first diagnosed case of this disease was that described by Keefer 
(1924) in 1922 in the United States, though it was some time before the identity 
of the causative organism was realized. Clinically and bacteriologically the disease 
is similar to undulant fever caused by the meliiensis and abortus types. Like 
Br, meliiensis, Br. suis can be demonstrated more frequently in the blood stream 
than Br. abortus — possibly because of its greater ease of cultivation. 

Epidemiologically, this disease is very much less extensive than the types already 
described. It is essentially an occupational disease, occurring among slaughterers 
and packers who handle the infected carcasses of pigs. The studies of Hardy and 
his colleagues (1931, 1932), of Huddleson, Johnson, and Hamann (1933a), and of 
Heathman (1934) in the middle western states of Korth America, have shown 
that a small amount of overt and a large amount of latent infection occurs in 
these workers. The organism apparently gains access through the abraded skin. 
Adult males are almost solely affected (Hasseltine 1930). Occasionally Br. suis 
infects cattle, and milk-borne outbreaks of undulant fever, without any special 
occupational incidence, are likely to occur (see Beattie and Eice 1934, Horning 
1935, Borts et al. 1943). Brucella infection of pigs is far less common than con- 
tagious abortion of cattle. In consequence undulant fever due to Br. suis has 
hitherto been restricted mainly to the middle-west of North America, to Brazil, 
and to the Argentine. 


Diagnosis of TJndulant Fever 

The occurrence of subclinical and atypical infections renders the clinical diag- 
nosis of undulant fever peculiarly difficult, and all observers are agreed on the fact 
that large numbers of cases are missed. The final diagnosis can be made only by 
bacteriological examination. In practice it is well to regard every case of pyrexia 
of undiagnosed origin as possibly due to Brucella infection, and to bear this disease 
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in mind during tKe investigation of acute and chronic inflammatory conditions 
in which the diagnosis remains doubtful. Help is sometimes afforded by a blood 
count, which usually shows a secondary anaemia, a mild leucopenia, and a relati\"e 
lymphocytosis. 

Blood Culture. — In the febrile stages of the disease, an attempt should be made 
to isolate the causative organism from the blood stream. 

The patient’s blood should be withdrawn while the temperature is elevated, and 
preferably during the rise of a pyrexial wave. It should be distributed in o-lO ml. 
quantities into two flasks containing 20-100 ml. of glucose broth, serum broth, Bacto 
tryptose broth, or liver extract broth. One of the flasks should be incubated aerobically, 
the other in an atmosphere in which 10-25 per cent, of the air has been replaced by C02- 
Subcultures should he made every 3—5 days on to a solid medium, and these should be 
incubated in the same atmosphere as the parent culture. Growth is often slow, and 
no culture should be discarded in less than 4-8 weeks. To guard against contamination, 
1/20,000 Victoria blue (Hauptmann 1937), or 1/700,000 crystal violet (Huddleson 1939), 
may be added to the culture. Two ml. of the patient’s blood may be inoculated intra- 
peritoneally into guinea-pigs (Poston 1938). (For alternative methods of blood culture, 
see Elkeles and Fried 1932, Rainsford 1933, Hauptmann 1935a, Stewart et aL 1935.) 

Though blood culture is positive in a high proportion of melitensis and suis 
infections, not more than 10-20 per cent, of abortus infections prove positive by 
this method. In melitensis infections the organism can often be isolated from the 
urine, provided repeated samples are examined (Kennedy 1905). Occasionally Br. 
abortus can be demonstrated in the bile (Amoss and Poston 1930, Lea veil and Amoss 
1931a) stools (Smith 19326, Beattie et al. 1935, Goldstein et al. 1936) and tonsil 
(Carpenter and Boak 1932, Poelma and Pickens 1932). 

Agglutination Test. — The most generally useful method is the agglutination test, 
first introduced by Wright and Smith in 1897. 

Final dilutions of the serum should be put up ranging from 1/20-1/5120, and the tubes 
should be incubated for 18 hours in a 37° C. or 50° C. water bath. Though there is a 
considerable degree of cross-agglutination between Br. abortus and Br. suis on the one 
hand, and Br. melitensis on the other, it is advisable to use as agglutinating antigens 
strains corresponding to the prevafling type of infection. In countries such as Great 
Britain, Germany, Denmark, Sweden, Canada, and New Zealand, where practically all 
infections are due to the abortus type, this organism alone is necessary. Similarly in 
countries such as Malta, Corsica, Sicily, Southern Italy, Algeria, Tunis, Greece, and 
Palestine, where nearly all infections are due to the melitensis type, this organism suffices. 
But in countries or areas where two or three types of infecting organism are known to 
occur, such as France, Northern Italy, the United States, and parts of South America, 
it is advisable to use both a melitensis and an abortus antigen. Great attention must 
be paid to the preparation of the agglutinating suspension. Only strains that are abso- 
lutely smooth, as judged by the thermoagglutination and acriflavine tests, should he 
used. Routine suspensions should be made up from a number of strains. The organ- 
isms should be grown on liver extract or glycerol agar for 2-3 days, washed off with 
saline, and heated to 55° C. for 1 hour. The suspension should be standardized to match 
an opacity tube containing 1,000 million Bad. coli per ml., and preserved with 0-2 per 
cent, formol or 0*5 per cent, phenol. Suspensions prepared in this way will generally 
remain satisfactory for 3 months, but the moment signs of commencing stringiness appear, 
they should be discarded. For survey work, where large numbers of sera have to be 
examined, the slide method of agglutination may be used (see Huddleson and Abell 1928, 
Huddleson 1932, 1939, Welch and Mickle 1933). 
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The interpretation of the agglutination test is not always easy, and demands 
a knowledge of the clinical history and the occupation of the patient. Very much 
the same considerations affect the interpretation of this test as of that used in the 
diagnosis of enteric fever, and the reader may well refer back to Chapter 69 in 
which the relevant factors are discussed in some detail. The propositions we 
lay down must not be regarded as more than suggestions, applying particularly to 
this country. Each of them will necessarily be subject to exceptions. (1) A titre 
of 1 /80 or less, in the absence of clinical symptoms, is indicative either of a latent 
Brucella infection, or of a past infection — not necessarily attended by definite 
disease. (2) A titre of 1/80 or over, in the absence of clinical symptoms or of a 
recent pyrexial attack, is suggestive of frequent infections, usually occurring in 
persons drinking large quantities of infected raw milk or exposed to contact with 
infected animals or carcasses. (3) A titre of 1/80 or over in the presence of pyrexia 
and other symptoms of disease, occurring in a person whose occupation or habits 
do not expose him to special risk, is very suggestive of active infection with a 
member of the Brucella group. In persons belonging to the occupational classes 
referred to, in whom a latent infection is not uncommon, a titre of 1/80 is too low 
to be of diagnostic significance- On the other hand, a titre of 1/1000 or over is 
rarely met with except as the result of an active infection, and may usually be 
regarded as evidence of undulant fever. (4) A titre of 1/20-1/80, in the presence 
of clinically undulant fever, may likewise be considered as practically diagnostic 
of this disease, (5) The complete absence of agglutinins from a patient’s serum 
does not exclude the diagnosis of Brucella infection. Cases are on record in which 
a positive blood culture has been obtained in the presence of a negative agglutina- 
tion reaction (see Gilbert and Dacey 1932, Heathman 1934, Taylor et al. 1938a). 
A.gglutinins are generally present in a suggestive titre by the end of the 2nd week, 
and in frank cases of undulant fever they generally rise to a titre of 1/640 or more. 
After the attack is over they tend to fall fairly rapidly, and may sink to a low level 
within 3 months. There is evidence that in chronic cases they may fall even 
during the period of active infection, so that too much stress must not be laid on 
a negative agglutination reaction in patients whose pyrexia has lasted for some 
months. 

Attention must be called to the not infrequent occurrence of a prozone, some- 
times extending to even 1/640 in high-titre sera. For this reason a wide range of 
dilutions should always be put up (see Spencer 1930, Priestley 1931, Hirsch 1935). 

Several observers have stated that the agglutinin titre to Brucella may be high in 
patients suffering from enteric fever, tuberculosis, and other febrile conditions. The 
evidence for this statement is not very satisfactory. Apart from the anamnestic reaction, 
which is not likely to account for more than a slight raising of the titre (see Amoia 1933), 
the most common cause of non-specific agglutination is the use of a suspension made 
from strains that are not absolutely smooth. Such strains are often agglutinated by 
normal serum, and apparently even more often by the sera of febrile patients. Their 
use in the past has been very common and has given rise to much confusion in the 
literature. Provided smooth strains only are used, it is justifiable to conclude that an 
elevated titre to Brucella is indicative of infection — latent, active, or past — with an 
organism of the Brucella group. (For recent references see Bayne-Jonos 1930, Kanque 
and Senez 1932, Magliulo 1933, Morellini 1933, Sanfilippo 1933, Wilson 1930, 1934, Mohr 
1935, Hauptmann 19356.) We may add that there is no evidence that circulating 
agglutinins result from the alimentary absorption of milk containing antibodies (see 
Boak and Carpenter 1929, Peterson 1935), 
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The type of infecting organism may often be determined by use of tbe quan- 
titative agglutinin absorption test, described in Chapter 34, carried out on the 
patient’s serum (see Habs and Sievert 1935). 

The comjplement-jixation reaction may be used to confirm the agglutination test, 
or in suggestive cases when the latter test is negative. Complement-fixing bodies 
are said to appear later in the serum than agglutinins, and to persist longer (see 
Sasano, Caldwell, and Medlar 1931, Morales-Otero and Monge 1932, Laun and 
Heide 1934). A precipitation reaction has also been described (Schlesmann 1932). 

Brucellin Test. — In 1922 Burnet drew attention to an allergic skin test, performed by 
the intradermal inoculation into the arm of 0-05-0-1 ml. of a filtrate of a 20-day-old 
broth culture of Br . melitensis {melitin) or Br, ahorius {abort in). A positive reaction is 
characterized by the appearance in 6 hours of a slightly raised, sometimes tender, oedematoiis 
plaque, 2-6 cm. in diameter, distinguished in. colour from the surrounding skin. The 
reaction may disappear within 48 hours, or a central nodule may develop lasting for several 
days. Pseudo-reactions generally appear rapidly, and disappear within 24 hours. We 
have no space for an adequate discussion of this test. Its interpretation and value are 
rendered difficult by the fact that numerous preparations of brucellin (abortin or melitin) 
are in use. The potency of these is subject to considerable variation, and some of them 
give rise to reactions in normal persons. Not until a standard preparation and standard 
dose are used, will it be possible to assess the value of this test. Generally speaking, how- 
ever, the reaction resembles the tuberculin test in denoting the occurrence of infection, 
without giving any clear indication as to its activity. In undulant fever it may not become 
positive for some weeks, but subsequently it remains positive, often for years. Its chief 
value will probably be found to lie in the diagnosis of chronic cases with a negative agglu- 
tination reaction, and in survey -work for detecting the prevalence of Brucella infection 
(sec Giordano 1929, Simpson 1930, Levin 1930, Leavell and Amoss 19316, Straube 1932, 
Dubois and Sollier 1932a, Yeckel and Chapman 1933, Rainsford 1933, Huddleson et al. 
19336, Heathman 1934, Arbatskaia and Moroskin 1934, Goldstein 1934, Sarnowiec 1934, 
Olin 1935, Favorite and Culp 1935, Taylor, Lisbonne and Vidal 1935, Chiucini 1935). 
More recently Huddleson (1939) has described the preparation of a Brucella nucleoprotein 
extract called hrucellergin, which he recommends for the skin test ; 0-1 ml. of a 1/2,000 
dilution is injected intradermally. A negative reaction is said virtually to exclude Brucella 
infection ; a positive test indicates that the patient has been infected in the past or is 
infected at the moment (Gould and Huddleson 1937). Whether brucellin or hrucellergin 
be used, it is important to remember that the injection of either may be followed by the 
appearance of circulating antibodies. 

The difficulty of interpreting the skin reaction has led Huddleson, Johnson, and Hamann 
(19336) to introduce the so-called opsono-cgtopliagic test. Briefly, this consists in incubating 
the citrated blood of the patient with a Brucella suspension for 30 minutes at 37° C., 
making films, and counting the number of organisms in 25 leucocytes. It is said that a 
weak or negative reaction in conjunction with a negative skin test is evidence of suscepti- 
bility, that a negative reaction in conjunction with a positive skin reaction points to 
active Brucella infection, and that a positive reaction to both tests is indicative of immunity. 
There is some discrepancy of opinion between different workers on the value of this test 
(see Meyer et al. 19346, Veazie and Meyer 1935, Keller et al, 1936, Gould and Huddleson 
1937, Keller, Pharris and Gaub 1938, Menefee and Poston 1939, Evans 1939, Castaneda et al, 
1942, Tovar 1944). 

For 'post-mortem diagnosis, cultures should be made from the spleen, liver, 
kidney and mesenteric glands, and incubated aerobically and in 10 per cent. COg. 
Alternatively, the ground-np organs may be suspended in broth and injected 
intramuscularly into guinea-pigs. 
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Prophylaxis and Treatment 

The prevention of the disease in human beings consists ideally in the complete 
abolition of contact, direct or indirect, with infected animals or their products. 
Where infection is chiefly milk-borne, this may be comparatively easy. Either 
complete avoidance of milk, or its consumption only after pasteurization, boiling 
or sterilization, has been found in practice to be highly effective. Where, however, 
infection occurs mainly by contact, prevention becomes much more difficult. 
Yaccination of specially exposed persons may be tried, but there is as yet little 
evidence to show how far this method is likely to be successful. 

Treatment of the disease itself is very unsatisfactory, and in spite of all measures 
the fever may continue for months or even years. The oral administration of 
dyes has been recommended by Leavell, Poston, and Amoss (1930). Several 
workers have claimed success by the use of intramuscular inoculation of autogenous 
or stock Brucella vaccines, given in a dose sufficient to evoke a smart febrile re- 
action and repeated every 3-7 days (see Schilling et al. 1931, Poppe 1933, Bianchi 
1934). Di Guglielmo (1933) is supported by numerous observers in his claim for 
the therapeutic efficacy of intravenous administration of a Brucella vaccine. After 
one or two doses of about a million organisms to test the patient’s sensitivity, 
doses increasing from 5 to 100 million are given every 3-4 days, till the temperature 
finally falls. Usually 7 injections, lasting over a month, are said to be required to 
bring about this end. Much the same results appear to be obtainable by protein 
shock therapy. Huddleson and Johnson (1933) and Huddleson (1939) in the 
United States, and Bebono (1935) in Malta, have both reported favourably on the 
intramuscular injection of brucellin. Our own experience with this preparation 
has also been favourable. 

It is advisable to test the patient’s sensitivity by first inoculating O-l* ml. into the 
skin. If there is little or no systemic reaction within 24 hours, treatment may be begun 
by the intramuscular injection of 0-5-1 *0 ml. Further injections may be given at 3- or 
4-day intervals, the dose being gauged so as to cause a brisk febrile reaction each time. 
In some cases one or two doses suffice to effect cure, but more often three or four are 
needed. If no reaction follows the first intramuscular inoculation of 1*0 ml., treatment 
win almost certainly prove useless. If the preliminary intracutaneous inoculation causes 
a systemic reaction, small doses only should be given, preferably by the intradermal 
route. 

Serum treatment has been advocated (Hilgermann 1935), but judged by animal 
experiments its effectiveness is doubtful (Mitchell et al, 1935, Gwatkin 1938). 
Sulphonamide treatment has been recommended by a number of workers on the 
basis of one or two apparent cures, but observations . on guinea-pigs hold out little 
promise of its success (Wilson and Maier 1939, 1940, Hamann and Huddleson 
1939, Priestley 1940). 

BRUCELLA INFECTION OF SHEER AND GOATS 

Beference has already been made, under the section dealing with undulant 
fever due to Br. melitensis, to infections of sheep and goats with this organism, 
and to the diagnosis of the disease by examination of the blood serum and milk 
serum for agglutinins. The disease exists particularly in countries along the 
Mediterranean littoral, in South Africa, and in some parts, notably Arizona, of the 



BBVGELLA INFECTION OF SHEEP AND GOATS 


1707 


United States. When first introduced into a herd, particularly during pregnancy, 
infection is frequently followed by a considerable number of abortions, but unless 
fresh animals are added, it dies down, and subsequent abortions are uncommon. 
The infection, however, usually becomes chronic, and may persist for months or 
years. In this stage it is often difficult to diagnose. The agglutination reaction 
may be negative. Some help is afforded by the intradermal melitin test. A suit- 
able preparation, preferably a bacterial extract such as that described by Huddleson 
and Johnson (1933) or Taylor, Lisbonne, and Yidal (1935), is inoculated into one 
of the skin folds between the base of the tail and the margin of the anus. Readings 
are made after 24 and 48 hours. A positive reaction is characterized by oedema. 
Generally speaking, it may be said that; a positive skin test indicates that the 
animal has been or is infected, while a positive agglutination test indicates that 
the infection is active. At post-mortem examination the organisms can be isolated 
most easily from the udder and the supramammary lymphatic glands. During 
life the organisms are often excreted in enormous numbers in the milk and the urine, 
while after abortion the vaginal discharge may remain highly infective for some 
days. Infection probably occurs mainly by contamination of the skin and mucosae, 
though possibly the alimentary route may play some part. It seems to be more 
persistent in goats than in sheep. In both animals the young are less susceptible 
than the sexually mature. 

Experimentally, the disease can be reproduced in both sheep and goats by feeding 
and by cutaneous, subcutaneous, intravenous, and intraperitoneal inoculation with virulent 
cultures of Br. melitensis. The disease so produced is often afebrile and, in spite of a 
septicaemia, symptoms may be lacking. Many of the animals, however, are unthrifty ; 
their coats become thin ; their weight diminishes ; and a short hacking cough develops. 
Mastitis and arthritis are not uncommon ; male animals may suffer from orchitis, while 
females, if infected during pregnancy, may abort. Death rarely occurs. Bacteriologically, 
the organisms are found in the blood for a variable time after infection. They then 
disappear, finst from the peripheral blood and most of the viscera, then from the spleen 
and Iddneys, then from the superficial lymph glands, and last of all from the mammary 
glands. The milk does not usually become infective for 2-3 months after inoculation or 
feeding. Agglutinins, sometimes reaching a high titre, are demonstrable in the blood 
serum, usually within a fortnight or so of infection (see Shaw 1906, Horrocks and Kennedy 
1906, Zammit 1906, Eyre et al. 1907). 

Experimentally, disease can also be produced in sheep and goats by Br, abortus^ though 
natural infections with this organism seem to be rare. Bang (1897) induced abortion 
in a pregnant ewe by intravaginal injection of a pure culture of Br, abortus. Intravenous 
inoculation gave rise to uterine inflammation. Zwick (1910) found that both feeding and 
intravenous inoculation were successful in establishing infection in sheep. Infected ewes 
may go to term, yet the specific organisms may be found in large numbers in the vaginal 
discharge. Intravenous inoculation of Br, abortus into goats may give rise to abortion 
(Reinhardt and Gauss 1915). Zwick and Krage (1913) found that goats injected sub- 
cutaneously or intravenously might excrete the organism in their milk 24 hours later ; 
the excretion was sometimes maintained for 8 weeks or more. Goats are also susceptible 
to conjunctival infection with Br. abortus (van der Hoeden 1933). 

The control of the disease is beset with difficulties of an economic and social 
nature. Prophylactic vaccination, though recommended by Zammitt and Debono 
(1933), has so far not proved very successful. The ideal method is a policy of 
eradication (see p. 1715). All animals should be subjected to an agglutination and 
a skin test, positive reactors should be slaughtered, and breeding should be carried 
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out only from apparently uninfected animals. Herd tests should be made at 
3-monthly intervals till no further reactors appear. If this policy is impracticable, 
the spread of infection should be limited as far as possible by elimination of all 
animals excreting the organism in the milk, by provision of separate boxes at 
the time of lambing or abortion, by abolition of communal pastures, by restriction 
of movement of animals from infected herds, and by control over the sale of animals 
for breeding. (For references to the general epizootiology and bacteriology of 
the disease see Eeport 1905-07, Segni 1931, Ananiades and Miaoulis 1931, Dubois 
and Sollier 19326, Peres 1934, Moreno 1934, Meyer and Eddie 1935, Folding 1937, 
1939, Taylor et al. 19386, Zdrodowski 1938.) 

It may be noted that abortion of sheep and goats is sometimes due to infection 
with Balm, abortus-ovis, a member of the Salmonella group (see Chapter 30). 


CONTAGIOUS ABORTION IN CATTLE 
Avortement epizodtique (French). Seuchenhaftes Verwerjen (German). 

Contagious abortion in cattle is an infectious disease, due in the majority of 
cases to Br. abortus of Bang, and characterized by inflammatory changes of 
the uterine mucosa and foetal membranes, resulting as a rule in the premature 
expulsion of the foetus. Though regarded as contagious by Hutrel d’Arboval 
(1826) and Youatt (1834), (see Hutyra and Marek 1922), its infective nature was 
not shown definitely till 1878, when Lehnert transmitted the disease by intra- 
vaginal inoculation of pregnant cows with the vaginal discharge and placental 
tissue of aborting animals. In 1897 Bang, working with Stribolt, demonstrated 
microscopically a small Gram-negative bacillus in the uterine exudate of a cow 
with impending abortion, and succeeded in isolating it in pure culture. The 
intravaginal injection of this organism into two pregnant cows gave rise to abor- 
tion, and from the uterine exudate the organism was recovered in each case. 
Bang’s work was confirmed by Preisz (1903) and Nowak (1908) on the Continent, 
by MTadyean and Stockman (1909) in this country, and by MacNeal and Kerr 
(1910) in America. 

Epidemiology and Bacteriology 

The disease is widespread throughout Europe, the United States of America, 
and most other countries of the world where there is a large cattle population. 
Its exact frequency is difficult to ascertain, but in this country Priestley (1934) 
estimates that 20 per cent, of the cows are infected. Similar high estimates have 
also been made for certain areas in the United States (Cotton 1931, Thomson 1932, 
Birch 1934). Large herds are more often infected than small. On account of the 
heavy loss from abortions, the frequent subsequent sterility of the animals, and 
the diminution in the milk yield, it is economically one of the most important 
diseases affecting cattle (Minett and Martin 1936). The fact, moreover, that 
infection may be transmitted to man renders the disease of public health interest. 

Though clearly it is only pregnant animals that can display the typical symptom 
of abortion, infection may be conveyed by natural channels to cattle of any age 
and either sex. There is no distinct seasonal incidence. The commonest time 
for abortion to occur is from the 5th to the 8th month of pregnancy ; 35*4 per 
cent, of cases occur in the 7th month alone (Wall 1911). Judged from experimental 
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work, the incubation period is variable ; according to Mohler and Traum (1911) 
it may last from 1 to 33 weeks. 

Introduced into a fresh herd the disease may spread rapidly, assuming epidemic 
proportions. Provided that no new animals are imported, it loses its initial 
severity, passing into an endemic state in which, if no preventive measures are 
taken, it remains for some years. A pregnant animal becoming infected for the 
first time generally aborts at an early stage ; at its next pregnancy abortion 
occurs either not at all, or not till a later period ; and though abortion may be 
repeated on a third occasion it is much commoner for the calf to be delivered at 
full term. Bang (1897) reports that of 83 cows only 30 aborted in 2 successive 
years, and only 6 three times in succession. From this it may be gathered that 
an immunity is acquired ■which is usually sufficient to protect the animal against 
further attacks of the disease. 

The bacillus may, however, remain alive in the tissues of the cow for a con- 
siderable length of time. Bang (1897) found it in the uterus of a cow 9 months 
after the foetus had died and become mummified. As a rule the uterus frees itself 
quickly, and the specific organism takes refuge in the udder and often in the 
supra mammary and pelvic lymphatic glands, where it may persist for months 
or even years (see Doyle 1935). Under favourable conditions it may be demon- 
strated in the blood stream, and occasionally in the urine and fseces (see Fitch, 
Bishop, and Boyd 1932a). Its frequency in the circulating blood is a little doubtful. 
Soule (1930) isolated it from about 10 per cent, of cows containing serum agglu- 
tinins, and Ltibke (1935a), in a smaller series, from 22 per cent. Other workers, 
on the contrary, have failed to find it at all, or have found it in only a small 
proportion of animals (Fitch et al. 1932a, Kruger 1932, Doyle 1935, and numerous 
others). Probably the stage of the disease is important, and positive cultures are 
more likely in the early acute than the late chronic stage. Infection occurring in 
non-pregnant animals, particularly before sexual maturity is reached, may remain 
latent or may actually retrogress. In cows the organism frequently settles in the 
udder ; abortion may or may not occur at the next pregnancy. In calves and 
young heifers the organism disappears completely from the tissues within a few 
weeks or months. In the udder Br. abortus gives rise to small subacute or chronic 
infiammatory foci situated in the alveoli, the interalveolar connective tissue, and 
along the lactiferous ducts (Runnels and Huddleson 1925, Ridala 1936). The 
lesions are too small to be detectable by clinical examination. 

From the udder the organisms are excreted in the milk. This important fact 
was first demonstrated by Schroeder and Cotton in 1911. Karsten (1932) found 
that the proportion of aborting cows in which the milk was subsequently shown to 
be infected varied on different farms from 24 to 70 per cent., while in infected herds 
19-33 per cent, of cows that did not abort excreted the organisms in their milk. 
Sheather (1923) observed that 34 per cent, of cows giving a positive blood serum 
agglutination reaction were yielding infected milk. Numerous similar observations 
have been made by different workers. For example, Proscholdt (1932) found that 
53 per cent, of cows with a blood serum agglutinin titre of 1/100 or over were 
excreting Br. abortus in the milk. The same author observed that, of 208 cows whose 
milk was infected, 145 had aborted, while 63 had calved normally. Lerche (1931) 
gives very similar figures. The organisms may appear in the milk within 1 or 2 days 
of abortion, and are usually demonstrable within a week, though in some animals 
as long as 5 months may elapse before excretion commences (Wall 1930). Many 
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cows cease excreting tlie organism after a few weeks, but others may remain infected 
for a year or two, or even permanently. In Proscholdt’s series, out; of 145 aborting 
animals whose milk was infected, 22 had aborted 1-2 years previously. The 
excretion is irregular and often intermittent. The number of organisms present 
fluctuates from day to day. It is usually highest at the commencement of 
lactation, and gradually falls. Except in the first week or two of lactation, 
when there may be as many as 200,000 per ml., it is uncommon for the milk 
on withdrawal to contain more than 30,000 per ml. (Bang and Bendixen 
1932a, Stockmayer 1936) ; the usual number is 10-2000 per ml. (Karsten 1932). 
Infection of the milk may be as heavy after normal calving as after abortion 
(Stockmayer 1936). Disease is often confined to one or two quarters of the udder. 
The hind-quarters are more often affected than the fore, and the right hind-quarter 
seems to be affected more often than the left (Bang and Bendixen 1931, Thompson 
1934, Doyle 1935). 

Though the organism commonly responsible for the disease is Br. abortus, 
numerous observations have shown that cattle in close contact with infected goats 
or sheep may become infected with Br. melitensis (see Taylor, Vidal, and Eoman 
1934, Benussi 1935). The infection seems to be localized mainly in the udder, and 
abortion is uncommon. Similarly in large hog-raising districts, cattle may become 
infected with Br. suis and excrete this organism in the milk (see Beattie and Eice, 
1934, Molinelli and Ithurrat 1934). 

Mode of Infection and Experimental Eeproduction of the Disease. — There has 
been a long dispute over the commonest mode of infection. Cattle are so easy 
to infect experimentally, not only by dirt inoculation into the tissues, but also 
by the natural passages, that it is very difficult to decide on the route usually 
followed in the natural spread of disease. The three main portals are : 

(1) The Mouth. — Bang (1906) and others have shown that it is possible to reproduce 
the disease in pregnant heifers and cows by feeding them with infective material, and 
have therefore suggested that infection probably occurs through contaminated fodder. 
It is known that the uterine exudate which is voided at the time of the abortion is extremely 
infective, that the bacihi may remain alive in it for some time — for 7 months if kept in the 
ice-chest (Bang 1897) ; that the aborted foetus or foetal membranes deposited on grass 
and left at atmospheric temperatui‘e shielded from direct sunlight may remain infected 
for as long as 6 months (Bosw^orth 1934-35) ; and that unless strict isolation of the animals 
is practised, there is ample opportunity for contamination of the pasture and other food 
material. A further source of infection is the milk of the aborting cows, which often 
contains Br. abortus in large numbers. Eats have been accused of spreading infection 
(Karkadinovsky 1936), but there is little evidence to support this (sec Bosworth 1940). 

(2) The Vaqii^a. — In his original experiments Bang (1897) demonstrated the possibility 
of infecting pregnant cows by intravaginal inoculation of pure cultures. This has been 
confirmed frequently (Eeport 1909, M‘Fadyean et al. 1913, Seddon 1919). It seems, 
therefore, not improbable that contamination of the vagina with infected soil or litter may 
he responsible for naturally acquired infection. A second method by which vaginal 
infection may occur is sexual intercourse. Bulls may be infected by injection of pure 
cultures under the prepuce (M‘Eadyean et al. 1913). Injected intravenously, the organisms 
may lodge in the testicles and be excreted in the seminal fluid (Seddon 1919). Experi- 
mentally these facts are sufficient to indicate that the bull may play an active part in 
conveying the disease to cows. There is stfll stronger evidence from the epidemiological 
side, sufficient without doubt to incriminate the bull (Bang 1897). Moreover, the agglutina- 
tion test shows that bulls are not infrequently infected by Br. abortus; Holth (1911) 
found agglutinins in the blood of 3 out of 28 bulls which he examined. 
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(3) The Skin and Conjunctiva. — ^Attention has been drawn to these routes of infection 
by Bang (1931), Bang and Bendixen (19326), Cotton and Buck (1932), and Cotton, Buck 
and Smith (1933). Experimentally it has been found possible to infect animals fairly 
readily with Br . abortus by means of an infected compress left for a variable length of time 
in contact with the abraded, or even intact, skin. Infection has also followed simple 
conjunctival instillation of an abortus suspension. 

Which of these three routes is the most important in practice, we have at 
present no exact means of telling. The Departmental Committee set up by the 
Board of Agriculture to investigate the disease considered that feeding was the most 
common method, that vaginal infection held second place, and that sexual infection 
probably played quite an insignificant part. Contamination of mucosal and skin 
surfaces must almost certainly be responsible at times for infection, but on the 
whole the prevalent opinion still seems to favour the alimentary route (see Mieszner 
1931). Considering the frequency with which B)\ abortus is excreted in the milk, 
and the ease with which animals can be infected by the udder (Schmidt 1932), 
it seems probable that infection must at times be transmitted from infected to normal 
cows at the actual time of milking. Unless the normal animals are milked first, 
contaminated milk must be rubbed into the teats, thus giving the organisms an 
opportunity to penetrate the skin or to enter the teat canal. There is still a wide 
field open for investigation. The aim must he, not to ascertain lohether a given route 
of inf ectioji is ever taken under natural coiiditions, hut what the frequeyicy distribution 
of the possible routes of infection really is. Exact knowledge of this type may prove 
of great service in controlling the spread of infection in the field. 

That the experimental reproduction of the disease can be readily accomplished 
by oral and parenteral inoculation was shown by the earlier workers. The interest 
of these experiments centres on the effect produced at different stages in the 
animaTs life history. It is abundantly clear that inoculation during pregnancy 
is frequently followed by abortion, and by permanent infection of the udder and 
lymphatic system. The time between infection and abortion is said to be inversely 
proportional to the length of pregnancy (Thomsen 19376). In calves and non- 
pregnant heifers, on the other hand, infection appears to be restricted to the reticulo- 
endothelial system (see Liibke 19356), and usually dies out within a few weeks 
or months, leaving behind it an appreciable degree of immunity to fresh infection. 
This behaviour is now made use of in prophylactic vaccination (see p. 1716). The 
agglutinins that occur as a response to infection in the calf generally disappear 
within a year. 

We may add that cattle may be infected, not only with Br. abortus, but also 
with Br. melitensis and Br. suis. These organisms settle readily in the udder, but 
less frequently give rise to abortion (see Zeller and Beller 1931, Thomsen 1934). 
Provided freshly isolated smooth strains are used, Br. abortus from the blood of 
human patients suffering from undulant fever seems to be fully virulent for young 
heifers (Birch and Gilman 1935). There is no satisfactory evidence that abortus 
strains of human and bovine origin differ in virulence for man or animals, though 
few direct observations, with the necessary precautions, have yet been made on this 
point. 

Diagnosis 

In the yellow or dark-brown mucoid exudate found between the uterine mucosa 
and the chorion, large numbers of Br. abortus may be demonstrated microscopically, 
aggregated into clumps within the polymorphonuclear cells. The organism may 



1712 


CONTAGIOUS ABORTION IN CATTLE 


likewise be seen in smears made from the gastro-intestinal contents of tke foetus. 
Provided tbe material sent for examination is fresb and nncontaminated, a pro- 
visional diagnosis may often be made microscopically ; as a rule, however, cultural 
or inoculation methods are required. 

Cultivation. — The organism is best grown by seeding glycerine, or liver, agar slopes 
with the uterine exudate, or with the stomach contents of the foetus, and incubating 
them in an atmosphere of air containing 5-10 per cent, of added COo (Smith 1926, 
Huddleson et ah 1927). (See Chapter 34.) If uncontaminated, the organisms will form 
characteristic lenticular colonies in the course of 2 or 3 days (Fig. 173, p. 819). Their 
identity should be confirmed by agglutination. The bacilli are sometimes found in 
the blood and in the liver of the foetus, but less abundantly than in the stomach. If 
the material is not pure, it is best to resort immediately to guinea-pig inoculation. The 
material is ground up in Ringer’s solution, and 0*5 ml. injected intramuscularly into 
two or three guinea-pigs. The animals are killed after 4-8 weeks, the blood is examined 
for agglutinins, and cultures are made from the sublumbar glands and the spleen (see 
“ Milk ” below). At post-mortem examination of slaughtered cattle the organisms 
are most likely to be found in the udder, and in the supramammary, iliac, and pharyngeal 
glands. They may be sought for by direct culture and by guinea-pig inoculation (see 
Doyle 1935). Any obvious lesions, such as hygroma of the knee (v. d. Hoeden 1932a), 

’ should also be examined. 

Agglutination Reaction. — In practice this is the most widely used method of 
diagnosis. Although the agglutination test in cattle does not differ in principle 
from that in man, it is necessary to consider separately its interpretation in relation 
to the titre that may be observed. 

The test may be carried out by the tube or the slide method (for technique, and 
preparation of antigens, see Huddleson and AbeU. 1928, Huddleson 1932, 1939, Welch 
and Mickle 1933, Fitch and Donham 1933, Donham and Fitch 1934u, 6, 1935, Welch and 
Marsh 1935). Final serum dilutions of 1/10-1/2560 should be put up. Intermediate 
zone phenomena are frequently encountered (see Priestley 1931). 

The interpretation of this test is often difldcult, and is not rendered any easier 
by the fact that, owing to differences in technique, the titres of different workers 
may not be strictly comparable. 

Calves, even those born of infected mothers, give a negative serum reaction at birth. 
If, however, they are allowed to suck infected dams within the first 24 hours of life, 
agglutinins become demonstrable in their scrum within about 2 hours. This appears to 
be duo to the absorption through the alimentary tract of antibodies present in the 
colostrum. Calves passively immunized in this way lose their agglutinins very rapidly 
(Me Alpine and Rettger 1925). Even calves that are actively infected and develop 
agglutinins some time after birth appear to lose them within 6 months, unless reinfection 
occurs (Thorp and Graham 1933). 

In an animal that is infected during pregnancy the titre generally rises before abor- 
tion to 1/200-1/1000 or over. During the following 6 months it tends to fall, if the 
cow becomes a chronic carrier, the titre usually remains' fairly high. About 80 per cent, 
of cows with a persistent titre of 1/200 or over are found to bo excreting Br. abortus in 
the milk, while a titre of 1/1000 or over is almost diagnostic of udder infection. If animals 
are followed for any considerable length of time, the agglutinin titre of positive reactors 
will often be found to decline. This is particularly true of low reactors. Damon (1932), 
for example, who observed a herd with a mean complement of 225-250 animals over a 
period of 4 years, found that 27*7 per cent, of animals reacting at 1/25, 17 per cent, 
of those reacting at 1/50, and 5 per cent, of those reacting at 1/100 or over lost their 
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agglutinins permanently (see also Hadley and Welsh 1931). Huddlesoii and Smith 
(1931), however, found that, of a total of 247 animals reacting at 1/25 or over, and 
followed up for a period of 1-8 years, only 4 became permanently negative. Animals 
that abort usually have a considerably higher titre than non-aborting animals. A few 
animals may fail to show any agglutinins at the time of abortion, and for a few days 
afterwards ; most of these become positive within 2-3 weeks, but there is some evidence 
that others may fail completely to develop agglutinins. Animals may certainly excrete 
Br. abortus in the milk and yet fail to show agglutinins in the blood serum or w’^hey 
(Karsten 1932). 

The interpretation of a single test is often difficult, and depends on whether 
infection is known to be present in the herd. Many workers regard a titre of 1 /20 
or 1/25 as strongly suggestive of infection, whereas others pay little or no attention 
to a titre of less than 1/100. Our own view is that a titre of l/'25 cannot be dis- 
regarded, particularly if occurring in an infected herd. The only satisfactory 
method, however, is to make monthly tests on all suspicious animals, so as to detect 
as soon as possible those that become definitely positive. It must always be 
remembered that, though a positive test is a practically certain indication of 
infection, a doubtful or negative test cannot be held to exclude infection. (For 
interpretation of reaction see also Zwick 1910, Grinstadt 1910, Wall 1911, M'Fadyean 
and Stockman 1912, Seddon 1919, Smillie, Little and Florence 1919, Mathews 
1924, Jordan and McBroom 1932, White et al. 1933, Kanney 1936, Kitselman 
1936, Fitch et al 1937.) 

Complement-Fixation Reaction. — The complement-fixation test gives results very similar 
to those of the agglutination test. Mohler and Traum (1911), 'who examined 400 sera 
by both methods, found close agreement between them ; in only five instances were the 
results at variance. Similar results w^ere recorded by Wall (1911), Reinhardt and 
Gauss (1915), Zwick (1910), and others. Mitchell (1929) considers that both tests are 
desirable, while Lentz (1932) prefers the complement-fixation test. Holth (1911) 
demonstrated the value of the complement-fixation test in cases of abortion in which 
the products obtainable for examination were badly contaminated ; if the placenta is 
ground up in saline, heated to boihng-point and filtered, it can be used as an antigen. 

The Abortin Reaction. — Abortin is a substance analogous to tuberculin, which was 
introduced by M‘Fadyean and Stockman (1909) in an attempt to elaborate a diagnostic 
test based on the hypersensitiveness of infected animals. It is prepared from a 4 to 6 
weeks’ glucose glycerine broth culture, which is sterilized at 99° C. for 2 hours, filtered 
through a Berkefeld candle, evaporated to 1/10 of its bulk, and preserved with 0*5 per 
cent, phenol. The dark syrupy liquid thus obtained is suitably diluted before use, and 
injected subcutaneously. In a positive reaction the temperature rises to 104-106° F. 
As a method of diagnosis, this original abortin did not find favour ; the authors them- 
selves after extensive trials were disappointed with it (Stockman 1914). Nor did 
Holtum’s (1928) heat-killed suspension of abortus in phenolized saline meet with success. 
Probably a bacillary extract, such as that prepared by Huddleson and Johnson (1933) 
or Taylor, Lisbonne, and Vidal (1935) might be found satisfactory. Further observations 
are badly needed on the use of this test, preferably carried out by the intracutaneous 
inoculation of abortin into the caudal fold. A few promising reports of the test have 
been made of recent years (Dubois and Brune 1933, Dubois 1934, Bossi and Vigel 1934, 
Franco and Pezzi 1935), and it might prove valuable in the detection of agglutinin- 
negative animals. Mirri (1935) recommends a palpebral test. 

Demonstration of Br. abortus in Milk. — Examination for the presence of 
Br. abortus in milk may be conducted by cultural ox by animal inoculation 
methods. 
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Cultivation. — Cultural methods are satisfactory only with milk samples from indi- 
vidual cows collected under relatively aseptic conditions. Separate quarter samples 
should be taken, and either kept refrigerated, or preserved with 0 ‘5-1*0 per cent, boric 
acid, till the time of examination. The whole milk, the gravity cream, or the deposit 
from high-speed centrifugation should be streaked on to a number of plates of liver 
extract agar, or 2 per cent, glycerol agar containing 10-15 per cent, of ox serum. Con- 
taminating organisms may be partly suppressed by the addition to the medium of gentian 
violet and malachite green. The exact concentrations of these dyes vary according to 
the manufacturer ; usually a final concentration of 1/100,000 to 1/200,000 is satisfactory. 
The plates should be incubated in 5-10 per cent. COg, and examined at intervals for 14 
days (see Huddleson et al. 1927, Hasley 1930, Traum and Henry 1930, Karsten 1932, 
Proscholdt 1932, Karsten and Bischoflf 1933, 1934, Stockmayer 1933a, 1935). 

Animal Inoculation. — If the animal method is chosen, it is advisable to inoculate a 
mixture, composed of 2 ml. of gravity cream and the deposit from 100 ml. of milk after 
high-speed centrifugation, intramuscularly into the hind leg of each of two guinea-pigs. 
Alternatively 4 ml. of whole milk may be injected, 2 ml. into each thigh. The animals 
should be killed about 6 weeks later. At post-mortem examination the femoral and 
sublumbar glands will be enlarged and pale ; the spleen may be enlarged, its surface 
slightly irregular, and a few small greyish-yellow necrotic foci may be present. The 
liver may show two or three tiny necrotic foci. The macroscopic lesions are often incon- 
spicuous, and must on no account be relied upon for diagnosis. The blood serum should 
be tested for agglutinins ; a titre of 1 /25 or over is highly suggestive of infection. 
Cultures should be made from the sublumbar glands and siDlcen, and all suspicious 
organisms identified by agglutination and other methods. In not all animals contain- 
ing serum agglutinins is it possible to isolate the organisms from the tissues. On the 
other hand, it is uncommon to isolate them in the absence of a positive agglutination 
reaction. Individual guinea-pigs vary considerably in their susceptibility to Br. abortus, 
and it is common to obtain positive results in one animal and negative in the other 
(see Smith 19325, Plate 1934a). If tubercle bacilli are present in the milk simultaneously 
with Br, abortus, the guinea-pig will suffer from a double infection. The diagnosis of 
tuberculosis can be made on the basis of the macroscopic lesions and the demonstration 
of acid-fast bacilli in the organs. The diagnosis of abortus infection can be made on 
the basis of the agglutination reaction and the cultivation of the organisms from the 
tissues. PuUinger (1936), however, has pointed out that the tubercle bacillus interferes 
with the development of Br, abortus in the animal body, so that the demonstration of 
this organism may often be unsuccessful in milk coming from cows with tuberculous 
mastitis. 

All workers are agreed that the animal inoculation method is more satisfactory for 
the demonstration of Br. aborttis in milk than the direct cultural method. Plate (19346) 
found that 90 per cent, of infected samples were positive by the animal and only 50 per 
cent, by the cultural method. Similarly Karsten and Bischoff (1934), who examined 
466 milks by both methods, obtained 184 positive results by the guinea-pig and 101 
by the cultural method. It is not uncommon to obtain occasional positive results by 
culture, when the animal inoculation results are negative, so that it is advisable to use 
both methods. In mixed milk, or in milk of single animals that has not been drawn 
aseptically and kept cold, the animal inoculation method is the only suitable means of 
demonstrating Br. abortus. 

Serological Examination of Milk. — Indirect evidence of infection of the milk may bo 
obtained by examination of the whey for agglutinins or complement-fixing bodies. The 
whey may be obtained by adding 1 drop of rennet to 5 ml. of skim milk, incubating 
at C. for 30 minutes, breaking up the clot, and centrifuging. Alternatively 5 ml. 
of carbon tetrachloride may be added to 10 ml. of milk, together with a small quantity 
of rennet. The milk is corked, and shaken for several minutes till the fat is extracted. 
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It is then incubated for 1 hour, and centrifuged (Hall and Learmonth 1933). The 
advantage of 58° C. for incubation is that it destroys any complement present. The 
agglutination test is carried out in the usual way. Control tests must be put up, 
since non-specific reactions may occur. A whey agglutinin titre of 1 /SO or over affords 
a high probability that the udder is infected and that Bi\ abortus is being excreted in the 
milk. The higher the titre, the more probable this is. Similarly, fixation of complement 
with 0*05 ml. of whey is strongly suggestive of milk infection. 

Examination of the whey for antibodies is sometimes used as a method of detecting 
infection of the animal with Dr, abortus. Except as a preliminary means of investigation, 
this procedure is unsatisfactory, because only a proportion of infected animals containing 
blood serum agglutinins give a positive whey reaction. (For references to use and inter- 
pretation of whey test, see MTadyean and Stockman 1909, Seddon 1915, Robinson 1919, 
Sheather 1923, Graham and Thorp 1930, Gilman 1930, Hasley 1931, I^orton and Pless 
1931, Berge and Ekrem 1932, 1934, Prdscholdt 1932, Karsten 1932, Karsten and Bischoff 
1933, 1934, 1935, Plate 1934a, 6, Caldwell, Parker, and Medlar 1934, Molinelli and 
Ithun*at 1934, 1935, Smith 1934(2, h, van Oyen 1934, Boyle and Beckett 1936.) 

Prophylaxis and Treatment 

At the time of abortion the uterine discharge is highly infectious ; the usual 
measures must therefore he taken for isolation of the animal, and subsequent 
disinfection of its stall. The foetus and membranes should be burned, or buried 
in lime. Irrigation of the cow’s vagina should be practised with an antiseptic 
solution for a week or till all discharge has ceased, and not till some considerable 
time has elapsed since the complete cessation of the discharge should the cow 
be taken to the bull. If a bull has served an animal that has recently aborted, 
it is well to irrigate its penis and preputial sheath with an antiseptic solution, in 
order to prevent active infection of the bull, or passive carriage of the organism 
to another cow. Calves born of infected cows are better brought up on milk 
from another animal. 

Eradication of Contagious Abortion. — The ideal policy is the complete eradication 
of infection. Various methods are recommended for doing this. The general 
principle consists in the detection of infected animals by the agglutination or 
complement-fiixation reaction, the segregation or sale of positive reactors, and the 
building-up of a clean, non-infected herd. The degree of success attending this 
policy varies with a number of factors. With a small or medium-sized herd, parti- 
cularly if self-contained and protected against infection from water, manure, and 
other animals, with provision of calving boxes, and re-testing of non-reactors every 
2 months so as to eliminate all animals as soon as they become positive, it is often 
possible to eradicate the infection entirely and to maintain a healthy herd for several 
years. On the other hand, with very large herds, particularly if not self-contained, 
with flying herds, with farms on which adequate accommodation for segregation of 
infected, and quarantine of newly imported, animals is impossible, and with im- 
perfect control over infection from other sources, the results are often disappointing. 
Generally speaking, if the conditions are favourable, and if the disease is not at 
the height of its activity, this policy should be adopted, since its success is 
followed by the improved general health of the herd, better and more regular breed- 
ing, and an increased milk supply. Success, however, cannot be guaranteed. One 
of the greatest problems at the moment is presented by the infected non-reactor, 
which may abort, or excrete Br, abortus in the milk, and so contaminate the other 
animals in the herd (see Bang 1906, M^Fadyean 1921, 1924, Giltner 1924, Thomsen 
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192S, Zeller 1931, Henricsson 1932, Kitsclniau 1932, Newsom and (!ross 1932 , Clark 
1932, MitcKell et al 1933, Fritz and Barnes 1933, Bircli 1931 , Birch et al 1931 , 
van Oyen 1934, Eeport 1935, Thornsliaug 1937, Gilbert 1937 ). 

Vaccination. — Early observations by Bang (1906), MTadyean and Stodcmaa 
(1909) and Stockman (1914) suggested that the inoculation of non-pregnant heiftjra 
or cows with a living vaccine of Br, abortus was able to confer some degree of 
immunity on the animals, as shown by a lower abortion rate. During the next 
20 years or so vaccination, usually with strains of inodilied virulence, was used 
fairly extensively, and numerous papers were published on the results (for refer- 
ences, see Topley and Wilson, 2nd ed., p. 1355). Little fresh kiiowledgtg however, 
was gained, chiefly because few observations with properly controlled groups 
of animals were made. More recently a great deal of attention has been devoted 
to the preparation of a standardized vaccine, and much valuable inlorination 
has been forthcoming. It has been found that the more virulent tlic vaccinal 
strain is, the greater is the degree of subsequent immunity ; but that in ]>ractice 
the use of a fully virulent strain is inadvisable, because of ihc, danger partly to 
pregnant animals in the herd and partly to the human population il it is excreted 
in the milk. A strain of modified, and preferably fixed, viruleiu'c is prehuuble. 
Such a strain was introduced by Buck (1930) in the United Stat.es undiT the name 
S 19, and has since been used with good effect for the vaccination of (halves and 
non-pregnant heifers and cows (for references, see Haring 1938, 1939, Haring and 
Tiaum 1937, 1941, McEwen 1941, Huddleson 1912). Tliere is some evichmee 
that the immunity so conferred persists even to the second ])regnaiu*y, but it is 
probably wiser to revaccinate the animals before being taken to the bull. One 
disadvantage of vaccination with the S19 strain is that it stiimilati's the fonnaiitm 
of antibodies and thus interferes with the normal interpretation of the agglutination 
reaction. To overcome this objection, McEwen (19406) has introduced another 
strain of modified virulence, Strain 45 (20), which does not call fijrih agglutinins 
and which pan therefore be used in clean herds in wliich the eradi(!ation policy 
is being pursued. 

It is still too early to say how far tiie use of live vaccines will sucru*(»d in paving 
the way towards the complete elimination of contagious abortion. Present 
evidence suggests that it raises the degree of immunity of the individual animal 
to a level at which multiplication of the fully virulent organism, wlum i\m gains 
access to the tissues by natural channels, is restricted. Unlimited multiplication 
in the uterus and udder is prevented, so that abortion and infection of the milk 
are much less frequent than in uninoculated animals. This, in iih turn, should 
lead to a diminution in the total amount of infective material excreted, and thus 
lessen the danger of infection both of other animals in the herd and of human 
beings consuming raw milk. 

One danger of the live vaccine is that the strain may regain its virulence in 
the animal body. That this is not a hypothetical risk has been shown by McEwen 
(1940a&). For this reason attempts are still being made to make use of a dead 
vaccine. In spite of the earlier statements, there seems no reason why properly 
killed organisms, given with due regard to size and spacing of dosage, should 
not afford protection almost as good as that conferred by living organisms. Already 
Huddleson (1943) has obtained promising results on guinea-pigs with organisms 
killed by mechanical crushing, and experiments in this country with organisms 
killed in a different way have yielded very hopeful results. 
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BRUGELLA INFECTION OF SWINE 

This disease has only recently been recognized, and is of limited distribution. 
It first attracted serious attention in the large hog-raising districts of the middle 
western States of North America. According to the observations of Boak and Car- 
penter (1930), Feldman and Olson (1934), and McNutt (1935) about 2 per cent, of 
animals destined for the abattoirs are infected in this area. In Europe, the disease 
has been recognized in several countries, but with a few exceptions it appears 
to be mainly of sporadic occurrence (Thomsen 1931, 1934, 1937a, Knoth 19306, 
Saxer 1936, Steffens 1937). A focus of infection has been found in White Russia 
(Makkawejski et al. 1933). The disease appears to be not uncommon in Brazil 
(see Neiva 1934) and the Argentine. It has been observed in New South Wales 
(King 1934). In this country it has not so far been detected (see Doyle 1934). 

Bacteriologically, all outbreaks appear to have been due to Br. suis, and all of 
them, with the exception of the Danish epizootic, to the American type (see Chapter 
34), though complete information has not always been available on this point. 
The disease is essentially an infection of the reticulo-endothelial system, with the 
production of inflammatory disturbances in the glands, joints, and reproductive 
organs. Contrary to contagious abortion of cattle, in which the females are chiefly 
affected, the disease in swine attacks mainly the boars. Abortion, though it does 
occur, is much less frequent than in cattle. Abscess formation is met with in 
the submaxillary, cervical, inguinal, and popliteal lymph glands. The joints of the 
hind legs, particularly the knee and hock, are frequently affected ; they are swollen, 
painful, frequently contain fluid, and sometimes ankylose. Epididymo-orchitis is 
very common. In Makkawej ski’s series, no fewer than 269 out of 786 boars showed 
orchitis, usually bilateral. The affected testicles are sometimes of enormous size, 
reaching 6^ lb. in weight, and purulent foci, which may undergo calcification, are 
not infrequent. Multiple foci may also be present in the vesiculae seminales. Br, 
suis may, however, often be demonstrated in the tissues in the absence of 
macroscopic pathological changes. 

In sows a condition for which Thomsen (1934) suggests the name “ miliary 
brucellosis of the uterus ” is frequently met with. The interior of the uterus is 
studded with small yellowish-white nodules located in the deeper layer of the 
mucosa and projecting slightly above the surface. 

The disease can be readily reproduced by feeding and by conjunctival inocula- 
tion. According to Stockmayer (19336), pigs are susceptible to Br, abortus as well 
as to Br. suis, though no outbreaks due to Br. abortus have yet been recorded in 
the field. Thomsen believes that natural infection is spread to a considerable 
extent by copulation, though this of course will account only for transmission of 
the disease to sexually mature animals. Infection of the conjunctiva by urine, 
and alimentary infection probably play a part. Sucking pigs are readily infected. 
It is possible that infection occurs through the milk of the mother, though invasion 
of the udder is uncommon. 

In the field, diagnosis is best made by the agglutination and complement-fixation 
tests on the blood serum. A titre of 1/100 is regarded as definitely positive, 1/50 
as strongly suggestive, and 1/25 as doubtful. Some help may be given by the 
intradermal test (Thomsen 1934). In the abattoir, the blood serum should be 
nnA ft QAftrAli mfirlA hv mlt.nrA and o-ninAa-nio* innc.nlfjtinn for Br. fiuix 



1718 BRUCELLA INFECTION OF HORSES, DOOS, GATS, FOWLS AND RATS 


in tlie tissues. According to Johnson and Hiiddleson (1931) and Johnson, Hiuhlle- 
son, and Hamann (1933), the organisms are commonest in the spleen, gastric 
and supramammary lymph glands, and the liver. Nnnu'roiis other organs may be 
infected, hut less frequently. 

The disease is of undoubted economic importance, owing particularly to im- 
potence in the boars and abortion or sterility in the sows. But it is prohiU)ly 
of even more importance in its effect on public health. Already large numbrn's of 
cases of undulant fever have been ascribed to it, and it atlords a. very real hazard 
for workers in abattoirs and packing houses. So far as n^ports go, it would staun 
to he fairly amenable to control by the eradication policy. In Dcaunark, by the 
institution of such a policy, involving slaughter of infeebal animals in lightly 
infected herds, and slaughter of all animals in heavily infcHdaul herds, it proved 
possible to stamp out the disease entirely witliin a very short time, tlohnson, 
Huddleson, and Hamann (1933) in the United States have', hecui sucu'essful with 
a less radical policy, involving blood testing once a month, followed by s(\grc‘gaiion 
and ultimate elimination of the j30sitive reactors. The seasonal ])reeding of sows 
makes control of the disease considerably easier than in eat.thu (For further 
information on this disease the reader is referred to the (‘xecdhmt monogra])li of 
Thomsen 1934.) 

BRUCELLA INFECTION OF HORSES, DOGS, OATS, FOWLS 

AND RATS 

Horses. — Following on the work of Einjard and Hilger (192S) in Franca^ lirucella 
infection of horses has now been recognized in a number of Furojxaau (‘ountries (see 
van der Hoeden 1931, Makkawejsky et al, 1931, Panisset and Dcdlm 1932, Hicu'onymi 
and Gilde 1934, Duff 1937, Thomsen 1937a), in the United States (Fitcdi, ]>elez, 
and Boyd 1930), and in Australia. In Holland van der IIochIcui (J932r/j found 
that 72 out of 482 horse sera, mostly taken from tlic slaiight-c*r-house, agglutinated 
Br. abortus to 1/100 or over. In this country Priestley (1934) obtaiiUMl evidence 
that 5-15 per cent, of horses had specific antibodies in their blood. The imu'dence 
in males and females was much the same, but older horstss scauiuHl t-o be more 
often infected than younger. Since agglutinins arc said to be present in normal 
horses up to a titre of 1/50 or 1/100, estimates of the incidence of infecstion based 
on agglutinins alone should be accepted with caution (sec Kriigc^r 1937, Decun 1937). 
The disease may be Contracted from other horses or from catfthx Thougli the infec- 
tion frequently remains latent, in a certain proportion of aniinals it is accoinpaiiied 
by the appearance of suppurative lesions, particularly on tluj liead and neck (poll- 
evil, fistulous withers), and less often of bone abscesses, artlmitis, and kmosynovitis. 
Their appearance may be preceded by fever and weakness. Ho Idstory of local 
trauma is usually obtainable. The inflammation is extrcunely painful, and lasts 
for a few days to several months. The abscess may disappear by absorption, but 
more often it breaks down at multiple points on the surface, and discharges a 
yellowish viscous fluid containing fibrinous clots. Bacteriological ly Br, abortus 
can usually be isolated, or sometimes in the United States Br^ suis^ though 
secondary infection of the fistulse readily occurs. Horses can be infected ex- 
perimentally with Br, abortus by feeding or parenteral inoculation (v.d. Hoeden 
19326, d, Schneller 1934) ; but according to Fitch, Bishop, and Boyd (19326) the 
local manifestations of the disease cannot be reproduced except by direct inoculation 
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into tlie neck ligament. The opinion is expressed by van der Hoeden (19326, d) 
that poll-evil is essentially an allergic manifestation. It was found, for example, 
that if dead abortus bafsilli were injected subcutaneously into an infected animal, 
a local abscess formed from which living organisms could be cultivated. Bacterio- 
logical diagnosis of infection is made by the serum-agglutinin test ; a titre of 1/200 
may be regarded as positive, and 1/100 as suspicious. An allergic test may also be 
used, the ophthalmic (v.d, Hoeden 19326, d) or the intradermal (Bossi and Saunie 
1934) route being chosen. Horses may convey infection to cattle (White and 
Swett 1935), and in any eradication scheme the two animals should be kept 
separate. 

Dogs. — Brucella infection of dogs appears usually to be of the inapparent type. 
Symptoms of disease are uncommon, and though occasionally metritis or local 
abscess formation may occur, the infection can usually be diagnosed only by 
examination of the blood serum for agglutinins and complement-fixing bodies. 
The disease seems to be not infrequent in both Europe and America. In some 
surveys 2-10 per cent., or even more, of dogs have been found to be infected 
(v.d. Hoeden 1932c, Thomsen 19326, Grandi 1933, Feldman, Mann, and Olson 1935), 
though caution must be observed in drawing conclusions on the frequency of 
infection from serological results alone. The disease can be reproduced by feeding 
and by parenteral inoculation, and may be characterized by fever of an undulating 
type. In both naturally and experimentally infected animals the organism may 
sometimes be demonstrated in the blood stream or urine (v.d. Hoeden 1932c, 
Thomsen 19326, Feldman, Bollman, and Olson 1935, Olson and Feldman 1936). 
Most cases appear to be due to Br. abortus^ but at least one suis infection has been 
described (Planz and Huddlcson 1931). Though dogs probably play little part in 
the general spread of Brucella infection, their possible role as carriers must be 
considered in attempts to eradicate the disease from cattle or other animals. 

Little is known about the incidence of Brucella infection in cats, though consider- 
ing their habit of drinking raw cows" milk it is difficult to believe that they are not 
frequently infected. Experimentally, both Br. abortus and Br. melitensis may give 
rise to a severe disease with lesions in the joints and internal organs (Makkawejsky 
and Karkadinowskaja 1932). 

Fowls. — The frequency of Brucella infection in fowls is still under discussion. 
Emmel and Huddleson (1929, 1930) brought evidence to suggest that the disease 
was very common in the United States, but their observations have not been 
altogether confirmed by subsequent workers (McNutt and Purwin 1930, v. Eoekel 
et al. 1932). It is noteworthy that their conclusions were based on the presence 
of agglutinins in the blood. The isolation of the organisms from the tissues of 
naturally infected birds seems to have been very rarely accomplished. Beller and 
Stockmayer (1933a) have shown that normal fowls frequently have agglutinins in 
their blood, and that no attention can be paid to a titre of less than 1/150 or 1/200. 
Most workers have found that experimental inoculation of fowls gives rise to an 
inapparent infection, having little or no effect on the health or egg-laying capacity 
of the birds (see McNutt and Purwin 1930, 1932, v. Eoekel et al. 1932, Lombardo 
1932, Beller and Stockmayer 1933a, 6, and Chapter 34). The natural infection 
seems to be more of epidemiological than clinical interest, though further observa- 
tions are required, particularly to find out whether fowls may transmit infection to 
cattle. 
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Rats. — Little is known of the occurrence of natural infM^licni in wiki rodiaiks, 
tliouglij in view of tlie possible part played by these animals in the spread of infection 
among cattle, knowledge is urgently required. Karkadinovsky (Ibofl) examined 
34 wild grey rats on three farins infected with contagions abortion, and isolateci 
Br, abortus from 11 of them. Most of the positive cultures wen' from the spleen 
and liver, but in two of the animals the blood was also foniul to be inlccted. 
Bosworth(1940), on the other hand, who examined 167 rats caught, on farms wliere 
the disease was prevalent, found only otie harbouring Br. abofius. The observa- 
tions of Bosworth (1937) and of Sandholin (1938) show that rats <*an he infected 
by feeding, and that the organisms can be excreted for a short, tinu' in the faH‘es 
and urine, but that on the whole the animals are relatively n‘sista,nt a.nd t-hat 
tissue lesions seldom occur. 

Infectious Abortion in Cattle and Sheep due to Vibrio frliis 

In 1913 M'Fadyean and Stockman (Report 1913) clesc’.ribt'd an (mzootic abortion 
of sheep due to a spirillar organism, which %vas latcjr called Vibrio foi us by Smith 
(1918). In this country, vibrionic abortion appears mainly to a fleet slu‘e[>, though 
the disease has been observed in cattle ; hut in the United States it is rt\spousihle 
for a considerable proportion of cases in cattle. Smith (1919) found, for (‘xample., 
in 109 cases of abortion in which a relatively thorough (uxaminathan of the* foetus 
and membranes was made, that 62 were duo to Ih\ abortus, 26 i.o Ik fetus, 2 to 
G. tpyogenes, while in the remaining 19 no organisms wtu't' isolated or mixed 
cultures were obtained. The general epidemiology and ba.<‘teriology of vibrionic 
abortion are similar to those already described for the more (‘.ommon type of 
abortion. Thus infection appears to occur by fee<ling, ami ]>ossibly by vaginal 
contamination : the vibrios are found in large mini hers in the uterim^ (xxiuiate, 
in the placenta, and in the contents of the fcBtal stomach : agglutinins are present 
in the serum of infected animals, active up to a dilution of 1/610 or even higher 
(Smith et ah 1920) : and pregnant cows can be infect<al by the mouth, though more 
certainly by intravenous inoculation. 

An organism similar in many respects to V, fetus, and calle<l fh fjuui, appears 
to he responsible for autumn diarrlma in cattle in the United Siati\s (stn^ Jon(\s and 
Little 1931, Jones, Orcutt, and Little 1931, and Uhapter 22). 


TBLABMMIA 

Synonyms : Beer-fly fever, Pahvant Valley fever, Oharah disease. 

In 1911 McCoy described a plague-like disease amongst the ground-squirrels 
{Oitellus Richardson) of California. The following year McCoy and Chapin 

(19121 isolated the causative organism — a very tiny Gram-negative bacillus—™ 
from naturally infected animals, and reproduced the disease with imre cultures 
in guinea-pigs. They named it Bad, tularcfise—itom Tulare, the county in 
which the disease was first observed. (This organism probably belongs to the 
Brucella group, see Chapter 34.) In 1921 the disease caused by this organism 
came to be known as tularcemia. It is apparently widespread amongst rodents 
in America, particularly in the Western States ; ground-squirrels, hares and jack- 
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rabbits are the animals chiefly infected. The lesions found in animals dead of the 
disease are similar to those of plague ; there is a bubo, generally in the cervical, 
axillary, or inguinal region, containing dry, yellowish, caseous material ; the spleen 
is greatly enlarged, very dark in colour, and contains yellowish-white, discrete, 
caseous granules up to 1 mm. in diameter, projecting slightly above the surface ; 
there are numerous granules in the liver ; the lungs are rarely affected ; the 
organisms are present in enormous numbers in the spleen, in smaller numbers 
in the liver, bubo, and heart’s blood (McCoy and Chapin 1912). Experimentally 
the disease can be reproduced in ground-squirrels, gophers, guinea-pigs, rabbits, 
mice, and monkeys ; rats arc mote resistant ; cats, dogs, and pigeons appear to 
be immune. Feeding, nasal instillation, cutaneous, subcutaneous, intraperitoneal, 
and conjunctival injection are all successful (see Chapter 34.) The disease appears 
to be spread by blood-sucking insects, especially ticks (McCoy and Chapin 1912, 
Francis 1921, Francis and Lake 1922, Parker et al. 1924, 1929). According to 
Parker and Spencer (19266) the organism may be transmitted from infected female 
ticks to their progeny ; if this is true, it is one of the few examples known of the 
hereditary transmission of a bacterium by insects. 

The first case of the disease in man was reported in 1914 by Wherry and Lamb 
in the United States. From 1924 to 1937 inclusive, 8,022 cases of infection with 
358 deaths were recognized (Olson 1938), though there is reason to believe that 
numerous other cases occurred that were not diagnosed (see Francis 1921, Culpepper 
1926, Dieter 1926, Freese et al. 1926, Lavan 1926, Maclachlan et al. 1926, Parker 
and Francis 1926, Gumming 1930). The disease has been met with in Japan, 
where it is known as Ohara’s disease (see Ohara 1930), in Norway (see Wefring 
1930), in Soviet Russia (see Doubrowinsky 1930, Karpoff and Antonofi 1936), 
in Sweden (Olin 1938a, 6), in Austria and Czechoslovakia (Drbohlav 1937), and 
in Turkey (Arar 1937). Cases are mainly sporadic, but occasional outbreaks 
have been reported. The case mortality is about 5 per cent. 

Mode of Infection. — Infection of man is most commonly due to the handling 
of infected rodents, and occurs either directly through contamination of the hands 
with the tissues or indirectly through the bites of parasites. In the United States 
about 90 per cent, of cases are traced to contact with wild rabbits and hares (Cum- 
ming 1937), but in some instances infection is transmitted by wood ticks {Derma- 
cenior andersoni and D. variabilis) and deer flies {Chrysops discalis) (see Francis 
1921, Parker and Francis 1926, Hillman and Morgan 1937, Olson 1938). 

In Norway and Sweden infection has been traced to hares (Thjotta 1930, 19316, 
Olin 19386), and in Soviet Russia to water rats (Sarchi 1929, 1930), and to susliks 
(Tumansky and Kolesnikova 1935). The “lemming fever” of Norway, which 
follows the consumption of drinking water polluted by the bodies and excreta of 
the lemming, is thought to be related to tularsemia (Thjotta 1931a). Some cases 
in man have been traced to contact with sheep, which may occasionally suffer 
from tularsemia (Parker and Dade 1929, Philip and Jellison 1935). Case-to-case 
infection is said to be rare. The incidence of the disease is mainly on those classes 
of the population who are brought into contact with infected animals, such as 
butchers, poultry-men, and trappers. Laboratory workers are often attacked 
(Parker and Spencer 1926a). Indeed there is probably no other organism that 
is so dangerous to work with in the laboratory. Unless scrupulous care is taken 
to avoid infection of the skin, nose, and conjunctiva, from fluid cultures and 
inoculated animals, the disease will almost certainly be contracted. 



1722 


TULAItmilA 


The way in which the organism enters the body is not known, ])iit the evidence 
suggests that the site of infection is generally the skin of the lingers or the con- 
junctiva. It is known that in guinea-pigs the organism can pass through the inta.ct 
skin (Lake and Francis 1922), and there is reason to believe that it may do so in 
human beings, though infection is probably aided by the ]n’esence of sma,ll wounds 
and abrasions. The incubation period of the disease is generally stated to be 
about 3 days. In the usual glandular type of the diseastg seen in bidchers and 
poultry-men, after an acute onset with headache, rigors, ])ains and fioa^r, a papule 
appears, generally on the back of the finger, which breaks down and leaves a ragged 
ulcer. The epitrochlear and axillary glands swell and luHanne iiainful ; they often 
break down and discharge purulent material. Fever is common for Ihe first 2 or 3 
weeks. Convalescence is very slow. When the organism gains {uita'anei' through 
the conjunctiva, ulcers may form on the inner surfac^e of the (‘vidids, followed by 
swelling and tenderness of the preauricular and cervii^al glands. In the typhoid 
type of the disease there are no localizing vsymptoms. It is this typt‘ that is nsnally 
seen in laboratory workers (Lake and Francis 1922). jhaitli, wluui it ocamrs, is 
commonest during the 3rd week. In those patient.s who hav(» lanai examined 
at post mortem, multiple small abscesses in the regional lymplm,ti(‘. glamls, the 
spleen, liver, and lungs have often been found (see Francis and (•allendtT 1927, 
Foulger et al. 1932). 

Diagnosis, Prevention and Treatment. — Diagnosis in animals is ht‘st made by 
macroscopic, microscopic, cultural, and pathogeni<*ity tests. In tlu^ didVrential 
diagnosis from plague, account should be taken of tlu' absmuH^ of fins at the site 
of infection, the greater variability in size of the granuhss in ih<^. spham, ihe rarity 
with which the lungs are affected, and the failur<‘, of the organism t.o dev(d(>p 
on ordinary media. In man, discharge from th(‘ local h^sions or glands should 
be cultivated directly on to special media (see Hhaw and lluuuiraiit 1930), and 
injected into guinea-pigs (Francis 1923). The agglnthiation test* is of special 
value (Francis and Evans 1926). It becomes positive, as a rule, during the 2nd 
week of the disease, and reaches its maximum beduveem tilm 4th and 8th weeks. 
The titre varies from about 1/160 to 1/5,000. Sera agglutinating Bt. iularensis 
at 1/320 or higher often act on Br, abortus as well. In somc> ceases t.he two organisms 
may be agglutinated to the same degree. Agglutinins t.o Br. tuhmmsis \nTm% 
in low titre for years after the attack (Ransmoicr and Ewing 1911). Curiously 
enough the organism does not often ap])ear to be presemt in ihe blood (Ijake and 
Francis 1922). Intradermal diagnostic tests have been descfribcHl (Foshay 1932, 
1936). 

In animal experiments no cross-reactions are said to occur between “ protein 
nucleate solutions prepared from Rr. tularensis and from the otiutr three members 
of the Brucella group (Pennell and Huddleson 1941), 

Prevention of the disease lies in avoiding contact of the skin with potentially 
infected material, such as wild rabbits and hares. Immunity after an attack 
is lasting. Pemons exposed to risk of infection may be vaccinated prophylactically. 
Foshay and Ms colleagues (1942) recommend three doses of a vaccine made from 
organisms killed with nitrous acid, followed by annual revaccinatioii. Immune 
serum prepared by the inoculation of a goat has been tried on a small scale for 
the treatment of patients suffering from the disease (Foshay 1934). 
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CHAPTER 7G 


ANTHRAX 

History 

Akthrax is a disease that has been known from antiquity. In earlier days, how- 
ever, it was not clearly separated from other affections closely, simulating it. 
Maret (1752) and Pournier (1769) defined the clinical type of malignant pustule 
in man, and Chabert (1780) gave a clear description of anthrax in animals. In 
1823 Baxthelemy showed that it was transmissible by inoculation. Rayer (1850) 
described small, non-motile, filiform bodies in the blood of sheep dead of the disease, 
and confirmed its transmissibility by inoculation. (For refereiu^es see Ilutyra 
and Marek 1922.) In a series of papers, Davaine (i863a, 6, c, 1864) showed that 
anthrax could be transmitted to sheep, horses, cattle, guinea-pigs, and mice, by 
the subcutaneous inoculation of infected but not of normal blood ; that in such 
animals the bacilli did not appear in the blood till 4 or 5 hours before death ; that 
in the blood they increased rapidly in numbers, and became filamentous ; and 
that after death they disappeared as soon as putrefaction cominem^ed. He showed, 
moreover, that the blood of an infected animal, previous to its invasion with the 
bacilli, was non-infective, but that after invasion it was capable of conveying the 
disease ; that animals fed on infected viscera frequently became infected, but that 
animals fed on the putrefying organs of non-infected animals did not do so ; and 
that after death from anthrax the spleen, liver, kidneys, lungs, blood, and, to a 
less extent, other organs contained the bacilli in large numbers. In the .same 
year, Tiegel and Xlebs (see Koch 1881) showed that anthrax blood, if filtered 
through a clay candle, was deprived of its infectivity ; the filtrate was innocuous 
to animals, but the deposit on the filter remained active. These observations 
showed, as conclusively as could he expected in the absence of cultivation, that 
anthrax was caused by a living organism that multiplied in the body, invaded 
the blood stream, and produced death by septicaemia. To this organism Davaine 
gave the name of Bacteridie—a. name by which it is still known among French 
writers. Subsequently Davaine and Raimbert (1864) found the same organism 
in a malignant pustule in man, thus demonstrating the setiological identity of the 
disease in man and animals. 

The final proof of the causative rfile of B. anihrads was produced by Koch 
(1877), who, in a classic masterpiece, which brought him suddenly into fame, gave 
a full account of the organism, described its formation of resistant spores, its 
cultivation in vitro, the reproduction of the disease by injection of pure cultures, 
and the recovery of the organism from the animals at necropsy. 

The subsequent history of anthrax is largely connected with attempts at 
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immunization, first made by Toussaint, and later witli more success by Pasteur, 
by Sclavo, and by Sobernbeim (see section on Vaccination). 

Epidemiology 

Anthrax in Animals. — Anthrax is primarily a disease of animals, from which 
man is secondarily infected. To understand the epidemiology of the disease in 
man, it is therefore necessary to consider first its incidence amongst animals. 

Anthrax is a widespread disease occurring in nearly every country in the world. 
There are areas, such as the Boauce, Champagne and Auvergne in France, Eastern 
Prussia, the plains of the Danube, and parts of Siberia and Asia Minor in which 
it is specially prevalent, and from which it never dies out. As a rule, it is commoner 
in swampy, low-lying districts with warm, loose, moist soils, and in the great 
deltas, such as those of the Mississippi and the Brahmaputra. In warm countries 
its maximum incidence is in the months of June, July, August, and September, 
but in colder countries, such as Great Britain, the disease is commoner during 
the winter months. The most susceptible animals are the herbivora. Cattle, 
sheep, pigs, horses, and goats are the chief sufierers, but the disease may occur in 
dogs, cats, camels, bufialoes, deer, and even in beasts of prey. Algerian sheep 
are highly resistant (Chauveau 1880a). In Europe the incidence is usually greater 
among cattle than among sheep, but in Australia and South America sheep are 
more frequently ajTected. 

Since the Anthrax Order of 1910 came into force, the number of outbreaks 
in Great Britain has varied between about 400 and 700 a year (Eeports 1914-1937). 
In the year 1937 there were 743 outbreaks affecting 820 cattle, 30 swine, 13 horses, 
1 sheep, and 15 other animals. Since the total number of animals affected was 
only 879, it follows that rarely more than 1 or 2 animals were concerned in any 
one outbreak. This is very different from the type of outbreak that still occurs 
in many continental areas, where whole herds may be decimated. A reason for 
this difference will be suggested under the section dealing with the mode of spread 
of the disease. Table 165 gives an idea of the frequency of the disease in different 
parts of the globe (Page 1909). 


TABLE 165 

Showino the average Annual Number op Cases op Anthrax amongst all Animals 

BETWEEN 1902 AND 1906. 


United Kingdom 1,263 

Italy ......... 4,686 

Germany ........ 5,659 

British India 29,398 

European Bussia, Finland and N. Caucasus . . 46,169 


As a rule, anthrax in animals takes the form of a septicaemia, varying from a 
sudden apoplectic attack with death occurring in a few minutes after the appearance 
of the first symptoms, to a subacute type, manifested by fever, and frequently 
by intestinal disturbances, terminating fatally after about a week. In cattle and 
horses, circumscribed cutaneous swellings or carbuncles may sometimes appear, 
not unlike the malignant pustule of man ; in swine and dogs, localization is 
common on the mucosee, particularly those of the pharynx and larynx. These 
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forms with local manifestations are rarely so fatal as the general septicajmic 
disease. 

Mode oe Infection and SpuEAD.—Antlirax is rarely spread directly from 
animal to animal. Infection generally occurs by the aliinentary^ tract from in- 
gestion of infected food. During the last stages of the disease in aiiiinals, the 
bacilli are excreted in the urine, faeces, and saliva. At the time of death and for 
some time afterwards, bloody infected fluid exudes from the openings of the body, 
and soils the neighbouring ground. The bacilli, which in the blood are invariably 
in the vegetative form, after being voided from the body soon produce spores 
under the influence of a suitable temperature and free access of oxygen. These 
spores are extremely resistant to inimical agencies and may remain alive on the 
surface of the ground for as long as 12 years (Pasteur 1881a). Cattle or sheep 
feeding on this ground are liable to be infected ; the spores are taken in by the 
mouth ; they probably pass through the stomach unharmed, multiply in the small 
intestine, invade the mucosa, and reach the blood stream. 

This view, which was largely developed by Koch (1881) differed iu some respCHiis from 
that put forward by Pasteur (1880), who maintained that infection o(^curred Ihrough the 
mouth and pharynx. As evidence of this, he showed that if sheep were fed on S])oro8, 
a certain proportion died of anthrax ; but that if to the infected food were added prickly 
substances, such as the pointed extremities of dried thistle leaves or barley spila^s, which 
were able to cause erosions of the pharyngeal mucosa, the mortality amongst the sheep 
was increased. Pasteur, moreover, maintained that earth-worms played an important 
part in the actual contamination of the ground. Ho supposed that, when an animal 
was buried, the bacilli exuding from the openings of the body developed into sf)ores, which 
were then brought by earth-worms to the surface of the soil, whore they wore deposited as 
casts. It is doubtful what importance is to be attributed to this view. Kooh (1881), 
who examined a number of earth-worms placed in artificially infected soil, found that they 
rarely became infected ; and he brought indirect evidence to suggest that their rule in 
the contamination of the ground was negligible in comparison with that caused by the 
exudation of infected body fluids from animals just before or after death. 

The view that the infection of animals occurs chiefly by feeding on contaminated 
pasture land affords a possible explanation of the greater prevalence of anthni-x in low- 
lying, marshy areas, and by the banks of streams, where grasses and decaying vegetable 
materials are abundant on which the bacillus may grow j of the rise in incidence as soon 
as the weather becomes warm ; and of the absence of an astival prevalorico of the disease 
in cold countries. It is, however, by no means clear that the anthrax bacillus can multiply 
on the surface of the soil under natural conditions, and the view is held by some workers 
that the organism is an obligatory parasite (see Minett and Dhanda 1941). 

In Great Britain, as already stated, the greatest number of cases occurs during 
the winter months. This fact alone is sufficient to suggest that the mode of 
infection is different from that in warmer climates. Though occasional infection 
may occur by contamination of the ground with the effluents from tannery and 
other industrial works, M'Fadyean (19036) has brought evidence to show that 
soil infection plays little part in the spread of the disease in this country ; and 
that the majority of cases are traceable to imported food-stufis. The evidence 
for this is, briefly, that anthrax occurs sporadically, not epidemically, as might 
be expected if the soil was the main source of infection ; that the disease is 
commonest during the winter months, when artificial food-stuffs are most used ; 
that it is more frequent amongst cattle, which receive artificial food-stufis, than 
amongst sheep, which do not ; that 80 per cent, of outbreaks (Stockman 1911) 
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occur on previously uninfected farms ; and tliat^in most outbreaks there is a 
history of artificial feeding. (See also Jackson 1930.) This evidence, almost 
entirely circumstantial, has been supplemented by work abroad. In Germany 
ill 1914, there were 7,181 cases of anthrax in animals ; in 1919 there were only 
743. This tenfold decrease is attributed to the cessation, during the war, of the 
importation of artificial food-stuffs (Poppe 1922). That such food-stuffs may 
actually contain anthrax spores has been demonstrated for bone, fish and maize 
meal, for barley, and for oil-cake. 

Another method of infection that may occur, though less commonly, is by flies. 
Stomoxys calcitmns, horse flies, and mosquitoes, for example, have been shown 
experimentally to convey anthrax (Poppe 1922). The transmission is mechanical 
(Morris 1918) ; there is no development of the bacilli in the insect’s body. 

Summarizing, we may say that in warm countries animals are infected chiefly 
by contaminated pasturage, less often by biting flies ; that in cold countries the 
chief mode of infection is apparently by artificial food-stufls ; and that the most 
frequent mode of infection appears to be through the alimentary tract. This last 
conclusion has been challenged by Besredka (1921) who believes that infection 
occurs through the skin (see Chapter 53), and by Sanarelli (1925) and by Rovida 
and Schwarz (1928a, b), who were unable to demonstrate in laboratory animals 
the passage of anthrax bacilli through the intact intestinal mucosa. 

Excluding very noild and latent cases, the mortality in animals seems to vary 
between 75 and 100 per cent. 

Anthrax in Man. — Anthrax in man may be divided into (1) the non-industrial 
type, afiecting shepherds, farmers, veterinary surgeons, knackers, butchers, pathol- 
ogists, and others coming into close contact with infected animals ; and (2) the 
industrial type, arising from the manipulation of wool, animal hair and bristles, 
hides and skins, or occurring in other industries such as those dealing with harness, 
furniture, cutlery, boots, manure, rag-sorting, horn, or grain porterage. The epide- 
miology of these two types is so different that they must be treated separately. 

The first type, which takes the form of malignant pustule, is due to contamin- * 
ation of the skin with material from infected animals. It is particularly common, 
therefore, in countries having a high incidence of anthrax amongst animals, and 
is relatively uncommon in countries, such as Great Britain, where the incidence 
amongst animals is low. Moreover, there is a close correlation between the seasonal 
incidence of anthrax in animals and in human beings. This is well seen in southern 
Italy, where the number of cases in man rises almost simultaneously during the 
summer months with the increased prevalence amongst animals (Page 1909), and 
in Bulgaria (Koschucharoff 1938). In the United States agricultural anthrax is 
on the increase (Report 1934-35). * 

The second type of anthrax, which may take the form of malignant pustule or 
pulmonary disease, is dependent on infection acquired during the industrial treat- 
ment of animal products, and shows no special seasonal incidence. Eor convenience 
of reporting, the cases in this country are divided into 5 groups (Table 166). 

Anthrax is a relatively uncommon disease in Great Britain and America. The 
total number of cases in England and Wales for the twelve years 1913 to 1924 
was 743, of wHch 109, or 14-7 per cent., were fatal. During the twelve years 
1927 to 1938 there were only 79 deaths. In the United States during the five 
years 1934 to 1938 there were 322 cases with 50 deaths, that is, a case mortality 
of 15'5 per cent. (Reports 1934-38.) 
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TABLE 165 

Inoidbnob of Industbial Anthrax in Great Britain.^ 


Year. 

Wool. 

Horsehair. 

Hides and 
Skins. 

1913 . . . 

43(»> 

5U) 

19 W 

1914 . , . 

29 

5 

15 

1915 . . . 

26 

2 

18 W 

1916 . . . 

80 

6 w 


1917 . . . 

65 

1 

29 P*) 

1918 . . . 

49 

4 

14 (i) 

1919 . . . 

. 34 

3 

16 

1920 . . . 

25 {7) 

5(1) 

17 (S) 

1921 . . . 

11 W 

4 (1) 

8 0) 

1922 . . . 

19 W 

9(1) 

16 U) 

1923 . . . 

14 U) 

9 

22 0) 

1924 . . . 

19 <0 

4 0) 

16 W 

Total . . . 

414 

57 

208 







other 

Dock 

Total. 

iduBtries. 

Labourers. 

3 

3 

73 W 

6 

7 £3) 

62 <8) 

3 

0 

49 {«) 

2 

2 u) 

log (19) 

4 0) 

3 (0 

102 

1 

3 

71 

4 ^-*5 

3 <‘**5 

60 ni) 

1 

4 (1) 

52 

2 (1) 

0 

25 ^®) 

I 

I 

46 (C) 

1 (i) 

4 (S) 

50 w : 

4 

o 

.45(0 ; 

32 

32 (10) 

743 009} 


The figixres in brackets indicate deaths. 

1 For this Table, we are indebted bo the kindness of J)r. B. A. Henry, H.M. Medical ln«pe<!tor 
of Factories. 


In the woollen industries, anthrax occurs almost entirely round the Bradford 
district of the West Eiding and in Worcestershire ; the other centres ar(i exempt. 
This can be explained by the fact that the dangerous elasHes of raw wool from Asia 
Minor and Persia are used in these districts. Amongst those engaged in the 
* horsehair industry, the maximum incidence falls on those using the dangerous 
classes of hair from China, Russia, and Siberia. Among the dock ])orters, the 
incidence falls chiefly on those working in the ports of London and Liverpool 
(Legge 1905). (Por incidence of human anthrax in Germany, Austria, and the 
United States during recent years, see Report 1934 35.) 

In all but the woollen industry, the type of anthrax contracted is the malignant 
pustule. As infection occurs from contamination of the skin wii.h tiie infected 
animal products, it is natural to expect- that the uncovered parts of the body will 
suffer most severely. Legge (1934) gives tlie following tal)Ic (Tabh* 107), showing 
the site of the pustule : 

TABX.E 167 

Location of Malionaht Pustule. 


Situation. 

Number. 

Per mnt | 

Head and face .... 

418 

44-6 1 

Neck 

292 

3P2 

Upper extremity . . 

191 

20*4 

Lower extremity ... 

18 

1*9 

Trunk ...... 

18 

I 1*9 

1 

Total 

937 

i lOO'O 

i 


. The site of the lesion varies, moreover, with the nature of the industry. Hide 
porters, for example, are frequently infected on the back of the neck, which is more 
open than other parts to excoriation. In butchers and others who have to handle 
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carcasses, the arm is often affected. The face and neck are prone to attack in 
those using infected shaving brushes (Vincent 1922, Report 1921), and so on. In 
the woollen industries, infection occurs during the processes of sorting and combing. 
The worker inhales a large quantity of dust containing anthrax spores, and is 
hence liable to the pulmonary type of anthrax. Fifty years ago pulmonary in- 
fection was commoner than the malignant pustule, but improvements in factory 
legislation have diminished this type considerably. 

The various products that are liable to give rise to anthrax in man come from 
regions where the disease is common in animals ; their danger is in proportion to 
the chance of their being infected. Hides and wool are frequently contaminated 
with blood ; horse hair and hog bristles are contaminated from various sources. 

Owing to their greater exposure, anthrax is more common amongst men than 
women, but the disease is more fatal in women. The case mortality of cutaneous 
anthrax depends largely upon the site of infection and the day on which treatment 
is started. According to Legge (1934) it ranges from about 3 per cent, on the 
forebead to about 24 per cent, on the neck. Enrich (1930) estimates the usual 
case mortality at 5 to 15 per cent. Respiratory and alimentary anthrax are 
almost invariably fatal. 

Apart from the methods already mentioned, anthrax may be conveyed to man 
by the bites of insects that have just fed on the carcass of an infected animal. 
Contact infection in human beings is uncommon. Occasionally infection may 
occur by the food, and give rise to the intestinal form. The bacilli are destroyed 
by the gastric juice, but the spores escape and multiply in the intestine. Experi- 
mental evidence, based on findings in laboratory animals, suggests that for this 
mode of infection to occur in man, large numbers of spores must be present in the 
food. It is worth while mentioning that the milk of animals dying or just dead 
of the disease may contain the bacilli (M‘Fadyean 1909) ; chances of infection by 
this method must, in this country at least, be rare. 

It win be seen, therefore, that man is infected with anthrax only as a result 
of his dealings with animals or with animal products. Methods of prevention 
must be founded on an understanding of this fact. 

Apart from malignant pustule, and the less common respiratory and intestinal 
forms of the disease in man, meningitis is not infrequently caused by the anthrax 
bacillus. 

Bacteriology of Anthrax in Man and Animals. 

Anthrax is a disease that, when fatal, invariably terminates in septicaemia. 
Whatever form the disease takes — the malignant pustule, respiratory, or intestinal 
‘—it is characterized by a primary local proliferation of the bacilli, with the for- 
mation of local lesions. The fate of the animal rests on the result of this local 
attack ; if it is resisted by the phagocytes and other defences of the body, recovery 
rapidly occurs ; if the bacilli prove too virulent, they invade the blood stream, and 
multiply abundantly. This invasion occurs late — ^generally not more than a few 
hours before death — and is accompanied by severe toxic manifestations. It is 
characteristic of anthrax that the bacilli remain confined, almost entirely to the 
blood vessels ; they are found in maximum numbers in the capillaries of the liver, 
lung, kidney, spleen, intestine, and stomach, in smaller numbers in those of the 
brain, skin and muscle. Their distribution varies, however, with the animal 
attacked. In the blood of mice or rabbits, for example, there are few bacilli to be 
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found ; in guinoa-pigs tliero may be more bacilli than re(i blood corpuscles. In 
the larger animals they are usually plentiful, but pigs and horses may die before 
the organisms have proliferated sufficiently to be detected microscopically (Stock- 
man 1911). 

In man, the malignant pustule starts as a small area of intlutnmation. It 
increases in size at a varying rate. Coagulation necrosis of the centre octcurs, 
leading to the formation of a brown, purplish or black {*s(har surrounded by an 
intermediate zone of vesicles filled with clear yellow or sanioiis fluid, and an outer 
zone of widespread oedema and induration. There is no true pus and relatively 
little pain (Hodgson 1941). The bacilli are most alniiuhuit immediately below 
the central necrotic area. Invasion of the blood stream may occur, but tlu^ number 
of organisms is seldom as gr^5at as in the larger animals (Enrich 1930). 

Experimental Production of Anthrax in Animals.—Under natural conditions, 
the disease is confined chiefly to the herbivora and to man, but occasionally other 
animals are attacked. Experimentally the disease can be reproduced in the 
herbivora, rodents, and the omnivora ; birds, with the exception of sparrows, 
and to a less extent hens, ducks, and pigeons, are refliata.ni. Rcpihes and fish are 
insusceptible to infection. 

Most of the early experiments on the larger animals wore pcufcrrncd with the iufcKjted 
blood of other animals, and it was found that for .transmission to ht^ suceesHful certain 
precautions had to be taken. Putrid blood, for example, often proved non-infective ; as 
did blood that had been rapidly dried after removal from the body. On the other hand, 
blood or tissues that had been dried slowly were found to retain tluur infectivity for at least 
4 years (Koch 1877). The occurrence of these anomalies was shown by Koch (1877) to 
be dependent on the presence or absence of spore formation. Ho found that whenever 

the ba(^illi had formed spores, and 
these spores wore capable of being 
cultivated m rUro^ the material con- 
taining them was infective to animals. 
The blood of a feetus removed from a 
cow that liad succumbed to anthrax 
proved innotmous, showing that the 
organisms had not passed the placen- 
tal filter. 

The disease produced in the larger 
animals is similar to that occurring 
naturally. Certoin p<unt8, however, 
deserve notice. Sheep can be infected 
equally well by whatever route the 
organism is introduced. Cattle, on the 
other hand, are rosistent to subcutane- 
ous inoculation, but are easily infected 
by the alimentary route (Koch et aL 
1884). Subcutaneous inoculation in 
cattle may give rise to a severe 
Smear from spleen of experimentally infected spreading oedema, hut never to a true 
bacilli in large numbers malignant pustule ; moreover, the 
animal generally recovers. Chauveau 
(18805) found that the dose was of con- 
siderable importance. Large doses injected into sheep caused a 100 per cent, mortality ; 
smaller doses caused a 60 per cent, mortality; whereas tiny doses of about 60-100 • 
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organisms were well supported, and were followed by immunity. In feeding experi- 
ments, the dose is very important. Oppermann (1906) was unable to infect sheep by 
this method with less than 100,000 spores. Koch, Gaffky and Loeffler (1884) found 
that sheep could be infected by feeding as certainly as by subcutaneous injection, 
provided large numbers of spores were given ; with small numbers the results were 
irregular or completely negative. (For pathogenicity to small animals see p. 844.) 

Diagnosis. 

In animals suspected of having died of anthrax, it is important that a post- 
mortem examination should not be made, otherwise blood will be spilt on the 
neighbouring ground and will provide a source of infection for other beasts. In 
this country ,such post-mortems are now illegal. It is sufficient in cattle and 
sheep to cut off an ear and send it to the laboratory ; or alternatively a swab 
should be soaked in the blood and several blood-films should be prepared for exami- 
nation. In pigs and horses, however, as death may occur in the early stages of 
septicaemia when very few organisms are present in the blood, it is advisable to 
excise a superficial lymphatic gland, and to make smears of any oedematous fluid 
that may be present. Malignant pustule can often be diagnosed by bacteriological 
methods early in the disease, but anthrax of the respiratory and alimentary systems 
can rarely be diagnosed till late. 

Microscopical Examination. — Microscopical examination of fresh material is generally 
sufficient to enable a provisional diagnosis to be made. 

The blood or fluid should be spread on a slide and stained without fixation by Gram’s 
method. A rather thicker film should be fixed imperfectly by three passages through 
the flame, and after being 
allowed to cool, stained for 
a few seconds with 1 per 
cent, aqueous methylene 
blue, washed thoroughly in 
water, and dried in air. By 
Gram’s method the bacilli 
are stained violet ; by the 
second method — described 
independently by Heim 
(1901) and M'Fadyean 
(1903a, c, 1904) — they are 
stained sky blue, but are 
surrounded by a deposit 
of granular or amorphous 
material, coloured reddish- 
purple, probably represent- 
ing the debris of the im- 
perfectly fixed capsules. 

The bacilli are arranged 
singly or in pairs; usually 
they are about 4-6 ^ long, 
but at times filamentous Fm. 2SS.—BaeiUu3 anthracia. 

forms may be seen. They Smear from a malignant pustule in man, showing the 
may be closely simulated by baoiffi in small numbers ( x 1000). 

CL wehhiif a large Gram- 

positive oapsulated anaerobio bacillus which may invade the blood stream in certain con- 
ditions ; the exclusion of this organism must rest on cultural examination. Their number 
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varies greatly. In the fluid taken from a malignant pustule in man, t hey may bo ho few 
as to escape observation; but if sections are made of a portion of excised tiasiie, em- 
bedded in paraffin, and stained by Gram, they can generally Ik' found. Not too much 
attention should be paid to negative findings. 

Cultural Exammation.-— Where possible, fresh material should be used. The blood or 
tissue juice may be taken on a swab, but unless it is to bo cxamiiK‘d at once it is better 
to collect it on a sterile thread or fragment of earthenware, or .a pi(‘(‘(‘ of gypsum that has 
been soaked in broth and subsequently sterilized (Strassburg melliod). TIu^ of 

the material prevents the destruction of the bacilli by the bactericidal powiw of the serum 
(Eurich 1933), facilitates their rapid sporing, and prevents the growth of other organisms. 
Cultures are put up in the usual way on to agar plates and ii\to broth, and tlie resulting 
growth carefully studied. It is important not to confuse B. anthmeis with other members 
of the aerobic spore-bearing group. To avoid this, it alioukl bo romombtw(Hi that the 
anthrax bacillus is non-motile, and liquefies gelatin slowly, whereas most of the other 
members are motile, and liquefy gelatin rapidly. (For the further diffivrontlation of B, 
anthmeis from anthrax-like bacilli, see Chapter 35.) 

If wool or hair is to be examined, it should bo soaked in a weak Hohiilon of KOH, 
incubated for some hours, teased out, heated at 80° C. for 2 minutess, and Htunknl into 2 
per cent, peptone agar, which is then poured into Petri (li8h(\H. Partieidar attention should 
be paid to the deep colonies, which, in cultures loss than 24 hours old, hav(^ a (iharacteristic 
opaque white filamentous appearance with somot-imoH a nebula at one mul (Enrich 1912). 

Pathogenicity Tests. — If possible, these should be carried out with the pure 
cultures that have been isolated. If the original material is used, particularly if 
this is old, putrid, or contaminated, the animal may die of infection with some 
organism other than B. anthracis. As a routine, the best animals to employ 
are the mouse and the guinea-pig. 

About 0*5 ml. of a 24-hours’ broth culture should bo injected sulxuitaneously into the 
thigh. Death generally occurs within 2 to .3 days ; post mortem » there is a hiumorrhagio 
gelatinous exudate at the site of inoculation, and a largo, congested, dark- rod H[floen (see 
Chapter 35) ; microscopically, the bacilli are found in the blood and in smears made 
from the viscera (Fig. 292, p. 1736). Cultures should be put up for confirmation. 

If the only available material is putrid, it is well to inoculate 3 .or 4 nucjo by scratching 
the skin with a needle dipped in the fluid. As the anthrax bacilhis can gaitu entrance 
through the abraded skin more easily than other organisms with which it is liable to be 
contaminated, death of one or more of the mice will probably occur from a pure anthra- 
csemia. This method, first described by Koch, Gaffky and Loofller (1884), is a good 
example of the method of purification of cultures by animal inoculation (see Chapter 12). 

Wool, hair, or other industrial material should bo suspended in water— if necessary 
after alkaline treatment in the way described under cultural examination— the suspension 
should be centrifuged, and the deposit inoculated into 2 or 3 guinea-pigs. The animal 
test is more delicate than the plate method. Using it, Glynn and Lewis (1912), to whom 
reference should be made for fuller particulars, isolated anthrax spores from 21*3 per 
cent, of 141 samples of industrial material — ^mainly hides, wool, hair and bones — supposed 
to have produced anthrax in Liverpool. 

Serological Diagnosis. — Neither the agglutination nor the complement-fixation 
test is of value for diagnosis. There is one test, however, depending on the 
presence in infected animal tissues of a substance — a precipitinogen — that reacts 
with a suitable immune serum to form a precipitate, which has been found of gr^at 
value ; this is Ascoli’s thermoprecipitin reaction. 

Ascoli (1911) worked with saline extracts of tissues at room temperature, but he found 
that, for practical purposes, time could be saved by extraction at 100° 0. For diagnosis, 
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the organs or blood of the suspected animal are ground up and suspended in saline, boiled 
for 5 minutes, filtered through paper and allowed to cool. Of this extract, 0*5 ml. is run 
very carefully on to the surhxce of a similar quantity of immune serum in a small tube. 
Within 15 minutes at room temperature, a definite ring-like precipitate forms at the 
junction of the two fluids. It is necessary to control the test very carefully with a known 
anthrax extract and with a normal serum. The method is a delicate one, and may give 
a positive result with material that has been kept for 2 years or more. A modification of 
the test was described more recently by Standfusz and Schnauder (1925), and an improved 
method of preparing high-titre precipitating sera by Rosenberg and Romano w (1929). 
The precipitable substance in the tissues is derived both from the capsular protein antigen 
and the somatic polysaccharide antigen. According to Tomesik and Szongott (1933), 
most commercial sera contain precipitins only for the polysaccharide. Since there is more 
protein than polysaccharide antigen in the tissues (Tomesik and Bodon 1934), it would 
probably be better to use a serum containing precipitins for both components (see also 
Ivanovics 1930). 

Natural Immunity. 

The investigation of the natural resistance of certain animals to anthrax played 
a prominent part in the controversy between the cellular and humoral schools of 
immunity, in the early days of bacteriology. Without attempting to adduce all the 
evidence that was brought forward during this controversy, we shall merely draw 
attention to some of the salient points. Von Behring (for references see Chapter 
52) found that the blood serum of the rat — an animal that is fairly resistant to 
antlirax — possessed a remarkable destructive action on the bacillus and he was 
led to conclude that the immunity of this animal was dependent on the bacteri- 
cidal content of its serum (see p. 1173). On the other hand, Metchnikoff and his 
co-workers stated that, though the blood serum of the rat is bactericidal in vitro 
to the anthrax bacillus, the blood plasma in vitro does not possess this action. 
Furthermore, the spores are able to develop in the body of the rat, and to cause a 
symptomless infection (Kritschewski and Messik 1930) ; their further proliferation 
is restrained by the attack of the phagocytes, which ingest and destroy them. 
The serum of the rabbit, like that of the rat, has a bactericidal effect on the anthrax 
bacillus, yet the rabbit is susceptible to experimental inoculation with this organism. 

The dog presents another interesting example. When young it is fairly sus- 
ceptible ; when older it is more resistant to experimental injection. Nuttall 
(1888) found that the defibrinated blood of the dog readily destroyed the bacilli ; 
Metchnikoff was unable to confirm this, hut demonstrated a close correlation 
between the phagocytic activity of the leucocytes and the resistance of the 
animal. Methods such as removal of the spleen, or intravenous injection of fine 
wood charcoal, which served to divert the leucocytes, destroyed this resistance. 

Pasteur, Joubert and Chamberland (1878) found that the natural resistance of fowls 
to injection with anthrax could be destroyed by immersing them up to the thighs in cold 
water ; they concluded that the immunity of these birds depended on their high normal 
temperature (41-42® C.), which interfered with the development of the bacillus. That this 
explanation was incorrect was shown by Wagner (1890), who found that the bacillus de- 
veloped readily in the blood and blood serum of fowls outside the body, even at a temperature 
of 43® C. Further experiments led to the conclusion that the immersion in cold water served 
to lower the phagocytic response, and thus allow the baoiUi to proliferate. We may also 
quote the experiments of Charrin and Roger (1890), who stated that the natu’Cal resist- 
ance of rats could be broken down by excessive exercise, and of Preisz (1909), who found 
that frogs were resistant if kept at 18° C. but not at 30® C. 
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Weyl (1892) found that anthrax-infected threads, planted in the subcutaneous tissues 
of hens or pigeons, were rendered avirulent for mice in 4 days ; ho satisfied himself that 
the bacilli were killed by the phagocytes as soon as the sport's germinated. 

Chauveau (1880c) stated that if anthrax bacilli were injetjied intravent)usly into vac- 
cinated animals, the bacilli rapidly disappeared from the circulation, bt‘ing filtered off 
by the lungs and spleen ; these bacilli, however, retained thtur vitality for some days, 
Sobernheim (1904) likewise found that the bacilli could live for weeks in the local infdtra- 
tion produced in immunized sheep without undergoing any loss of virulence. From these 
experiments, it is clear that a number of bacilli may remain alive and virulent in the tissues 
without giving rise to disease. 

The evidence that natural immunity to anthrax depends on the presence of 
|i5-lysins in the blood is unsatisfactory. There is no apparent ndatioriship in di fferent 
animal species between the presence of these substances and natural resistance 
to anthrax. It would appear rather that the most important prof,ecti\m mechanism 
is phagocytosis. Observations are at hand, however, iliat ])oint f.o the presence 
of some other mechanism that prevents the proliferation of the organisms within 
the body. The nature of this mechanism is at present miknown. 

Prevention, Vaccination, and Serum Treatment. 

The usual hygienic measures should be adopted on the occurrence of anthrax 
in a herd. Every precaution shonld be taken to avoid contamination of the stall 
or pasture with blood or other fluid exuded from the animal. The carcaas should 
be buried at a depth of 6 feet, or cremated. Other animals in the herd should be 
watched, and their temperatures shonld be taken before milking ; any animal 
showing a rise of temperature should be isolated, and its milk withheld from dis- 
tribution (MTadyean 1909). 

Where the disease is epidemic, prophylaxis is best assured by vaccination. In 
countries in which the cases are sporadic, close attention should bo paid to the 
artificial food-stufls, as these appear to be responsible for a large proportion of 
the outbreaks. 

The prevention of industrial anthrax in man is directed partly to disinfection 
of the imported animal products, wool, hides, horsehair, and so on, and partly to 
diminishing the risk of contact with dangerous material in the factories. For 
the various methods of disinfection, and for factory legislation, the reader is 
referred to textbooks of Hygiene. Briefly, however, the disinfecjtion of bales and 
fleeces may be accomplished by preliminary treatment with warm alkali and aoaj), 
followed by exposure to a 2 per cent, solution of formaldehyde and drying in hot 
air (Legge 1934). Robertson (1932) recommends the use of H 2 S for the disinfection 
of hides ; anthrax spores are destroyed in 7-16 days. 

Vaccination. — In 1879, Chauveau (18806) found that an animal which survived 
inoculation with anthrax was more resistant to subsequent inoculations. The 
following year, Toussaint (1880a, 6) successfully vaccinated sheep with defibrinated 
anthrax blood that had been heated for 10 minutes at 55® 0. In 1881, Pasteur 
(18816, c) introduced a method of vaccination, founded on the same principle as 
that which had been successful in diminishing the virulence of the organism of 
chicken cholera. He found that if the anthrax bacillus was cultivated in broth 
at 42-43° C., not only did it lose its power of forming spores, but it gradually 
decreased in virulence, till after 2 to 3 months it was no longer able to give rise to 
disease, even in the most susceptible animals. Pasteur prepared two vaccines ; 
the first or premier vaccin was a subculture in broth from a strain that had been 
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kept at 42-43® C. for 15 to 20 days ; its virulence was suck tkat it could kill mice 
and young guinea-pigs, but was unable to kill adult guinea-pigs or rabbits. The 
second or deuxieme vaccin was a subculture after 10 to 12 days ; it was muck more 
virulent j being able to kill mice, adult guinea-pigs and a certain proportion of 
injected rabbits. 

Arrangements were made witk tke President of tke Agricultural Society of 
Melun for a trial of this new method under field conditions. Accordingly on May 
5, 1881, on a farm at Pouilly-le-Fort, 24 sheep, 1 goat and 6 cows received their 
first vaccination, and on May 17 they were vaccinated a second time with the 
more virulent but still attenuated strain. On May 31, Pasteur and his co-workers, 
Roux and Chamberland, inoculated each of the vaccinated animals with a virulent 
culture of anthrax ; at the same time a series of control animals consisting of 
24 sheep, 1 goat and 4 cows were similarly inoculated. Two days later, the 
vaccinated sheep and the goat were in perfect condition ; the control sheep and 
the goat were all dead. The 4 unvaccinated cows were sufiering from severe 
oedema and fever ; the 6 vaccinated cows had neither fever nor oedema. The 
following day one of the vaccinated sheep died, but at necropsy it was found to be 
carrying a foetus that had been dead for about a fortnight. 

The success of this experiment led to the vaccination on a large scale of cattle 
and sheep in Europe, in South America, and in other countries. In 1894 Cham- 
berland collected the statistics that were available for the years 1882 to 1893 
inclusive (Table 1G8). 


TABLE 168 

Results or Vaccination by Pasteur’s Method. 



- - “ — 

No. of sheep vaccinated . 

1,788,677 

Mortality after Ist vaccine . 

6,668, or 0*32 per cent. 

Mortality after 2nd vaccin© 

4,406, or 0*24 

Mortality during the rest of the year ...... 

6,798, or 0*38 „ 

Total mortality 

16,872, or 0*94 

No, of oxen and cows vaccinated . . , 

200,962 

Mortality after 1st vaccine 

X77, or 0*09 „ 

Mortality after 2nd vaccine . . 

82, or 0*04 „ 

Mortality during rest of year 

432, or 0*21 

Total mortality 

691, or 0*34 „ 


Before vaccination, the mean mortality of sheep was 10 per cent., of cattle 
6 per cent. Chamberland calculated that vaccination had efiected a saving of 
5 million francs on sheep, and of 2 million francs on cattle. 

In Germany, from 190rto 1908, the total mortality of vaccinated cattle was 
0-03 per cent., of horses 0-05 per cent., and of sheep 0*06 per cent. (Klimmer 1911). 

At iSrst sight these figures seem impressive, but further consideration suggests 
suspension of judgment. The method of comparing the mortality in vaccinated 
animals, during a given period, with the mortality amongst unvaccinated animals 
in a preceding period, is fallacious ; there is no evidence to show that the con- 
ditions of the two sets of animals were identical. Large numbers of the vaccinated 
animals were never subsequently exposed to any risk of anthrax at all ; hence no 
conclusions relative to their immunity can be drawn. Moreover, it would appear 
that anthrax in France is nearly as prevalent as it was before the vaccination era 
1909). 



1742 


ANTBRAX 


There have been many unfavourable reports on the Paateurian method of 
vaccination. One of the chief objections is that. it> is (liili(‘iilt to st.juulardize 
the virulence of the two vaccines exactly. Sometimes the virulence Is too high, 
so that large numbers of animals die of the injection alone ; sonietiines it is too 
low and confers no protection. Pasteur stated that the decrease in virulence at 
42-4:3° C. occurred gradually, so that at any moment it was possible to fix the 
virulence at a given point. It is fairly clear now that this statement was incorrect. 
Preisz (1911), in an illuminating article, showed that in a culture maintained at 
42-43° C. bacillary variants appear, some of which possess no capsules and are 
avirulent, while others possess capsules and are highly virulent ; intermediate 
forms, some spore-bearing, others non-spore-bearing, may appear, and may also 
differ in virulence. One and the same culture, therefore, may contain both highly 
virulent and quite avirulent varieties, besides a number of intermediate forms. 
Moreover, there is no strict relation between the length of iiicubatiotx and the 
appearance of the different variants (see Chapter 35). The.se cdrservaiions servo 
to explain the anomalous results of different workers, and show the difliculty of 
obtaining vaccines of fixed virulence by Pasteur’s method. 

Nevertheless there are now a few strains, like the Carl)ozo(> and the Boshoff 
strains, that appear to have become stabilized at a fixiid levt‘l of attenuation. 
One of these — the Carhozoo strain — has been used by Ma.zzu(u*.hi (1935) for the 
preparation of a vaccine in which the spores are suspended in a 2 per c.ent. solution 
of saponin; the object of the saponin is to bring about at tlies sitt^. of inj(^ction 
the early formation of gelatinous oedema which acts as a barrier against the rapid 
dissemination of the bacilli. Field tests with this vaccine liave yi<dded very promis- 
ing results, and it is now being used extensively in different parts of the world. 
More recently Sterne (1939) in South Africa has introduced a vaceimi prepared 
by suspending avirulent uncapsulated sporing bacilli in 50 per cent, glyt^erol saline. 
Tests on 2| million cattle and several thousand horses and sln^ep are reported 
to have shown that this vaccine gives as good protection as the saponin vaccine, 
and has the advantage of being safer and producing less reaction. 

Reference may be made briefly to Cienkowsky’s method, whicfii (sonsista of 
the use of two vaccines of spore-bearing bacilli attenuated by heat and standardized 
in virulence by repeated passage through gophers {Ziemlmms), It has beeti 
used chiefly in Russia, and also in Japan (Poppe 1922). 

Sobernheim’s Combined Method. — ^This is a method of combined active and 
passive immunization. Sobernheim (1902, 1904, 1906) prepared an immune 
serum by injection of cattle or sheep with cultures of increasing virulence. For 
his vaccine, he used a culture slightly attenuated by growth at 42-5° C, In practice, 
simultaneous injections are made, beneath the skin, of 10-16 ml. of immune serum 
and 0'5-l*0 ml. of vaccine. This method has been extensively adopted in Germany 
and South America, where it appears to have given good results. It has the merit 
of requiring only one injection instead of two ; of conferring a passive immunity 
which protects the animal while an active immunity is developing ; and of being 
attended by very httle danger. It can be employed after an epidemic has broken 
out, without fear of rendering the animals more susceptible to infection. 

None of the methods in use confers an immunity for more than 9 months or a 
year ; hence vaccination must be repeated annually. It is extremely diiGhcult to 
gather from the imperfect figures that have been reported what the value of 
vaccination really is. Instead of vaccinating alternate animals, and comparing 
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the mortality of tlie vaccinated with the control animals in the same herd, the 
experiments have, nearly all been made by vaccination of the entire herd, and 
comparing the mortality of the vaccinated animals with that of the non- vaccinated 
animals during previous years. The evidence is therefore circumstantial, and 
cannot be considered satisfactory. 

On the whole, however, vaccination does seem to be of value in districts in which 
the disease is rife. It should never be employed in countries where merely sporadic 
cases occur, for the living bacilli that are injected may actually help to spread 
rather than to rest-ih'.t the disease. Of the various methods referred to, the saponin 
(Jarbozoo vaccine seems to enjoy the greatest favour at present for the routine 
immunization of la,rge animals. 

Seram Treatment and Chemotherapy.— Several workers have prepared an 
immune serum l)y injee.tioii of animals with cultures of increasing virulence, and 
have found it capai>le of conferring passive immunity on rabbits. Sobernheim, 
in particmiar, has obtained satisfactory results both for protective and for thera- 
peutic purposes with immuiui sheep and cattle serum, but speaking generally the 
serum treaf-ment of ajiimals has never been employed on a large scale. 

In man, on the other hand, serum treatment is of great importance, and Sclavo’s 
serum appears to have • given excellent results. Sclavo (1895) first immunized 
sheep, but later (1896, 1898, 1901) he found that the ass gave the most satisfactory 
results. In 1903 H<'.lavo 164 cawscs of anthrax treated with serum in Italy ; 

there were 10 deaths or a mortality of 6*09 per cent, compared with a mortality 
of 24*1 per cciit. for the wh,olc of Italy (see Page 1909). Legge (1905) states that 
the mortality of (‘.as(\s i»reated early varies in different series from 7-1 per cent, 
to 154 per cent., ais against 25 per cent, for untreated cases. In this country 
Enrich (1933) lias liad a mortality of only 5 ])er cent, in his last 200 cases of cutaneous 
anthrax. His treatment consists in never excising the pustule, except when it 
is in a site, such as the neck, where rapid extension is common, in immobilizing 
the part, in giving 80 ml. of Sclavo’s serum intravenously or subcutaneously on 
the Jst <Iay and 60 ml. on the 2nd, and in combining serum treatment with a 
moderat(4y large dose of salvarsan on the 1st and 2nd days. This treatment is 
similar to that advocated in the United States (Report 1934-35). 

Hodgson (1941, 1944) has reported a series of 107 cases of cutaneous anthrax 
treated without surgical excision of the lesion. Of 52 that were given serum only, 
6 die<l ; of 55 that were given serum plus neoarsphenamine (neokharsivan), none 
died. Serum is given in doses of 1 00 to 300 ml. each day for five days, with 0-3 gm, 
of neoarsphenamine on alternate days. Improvement is seldom evident in less 
than. 36 *48 hours. (Bee also Lucchosi and Gildersleeve 1941.) 

Cruicksliank (1939) found that in the treatment of experimental anthrax in 
the mouse sulphapyridine was far more eifective than arsenical compounds. This 
conclusion seems to be borne out by Gold (1942), who treated 42 cases of anthrax 
with sulphonamides. Favourable results were obtained in 39 cases ; the other 
three recovered under subsequent serum treatment. Though sulphapyridine 
appeared to be most active, Gold regards sulphathiazole as the compound o 
choice for general purposes. If there is no response within three days, serum 
should be substituted. It may be added that Murphy, La Boccetta and Lockwood 
(1944) have reported rapid recovery in three cases of cutaneous anthrax treated 
with penicillin. 

The way in which the serum acts is unknown. It contains neither bactericidins 
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nor antitoxins ; the agglutinin content is said to be no liiglier thin that of normal 
serum ; but Cler (1906) states that it contains opsoniiis and complement-fixing 
bodies, Sobernheim (1904) found that immune serum could be h(‘ated to 00-70° C., 
could be kept for years without any precautions, or could be froztm and thawed, 
without suffering any diminution of its protective power. Tonu^sik ami Ivaiiovics 
(1938) and Ivanovics (1938u, h) find that it is possible to prepare two types of sera. 
One type, which can be obtained by injecting killed encapsulated bacilli into rabbits, 
contains capsular antibody. The other, which can be obtained by injecting rabbits, 
horses and certain other animals with living bacilli or with oedema fiuid, contains 
antibody to the somatic polysaccharide substance but little or no caj)sular antibody. 
The first type of serum confers passive protection on mice, the second does not. On 
the other hand, animals producing the first type of serum are not themselves 
immune, whereas animals producing the second type are highly resistant. All the 
commercial sera so far examined appear to be of the second type. Which type 
of serum is of more value in human therapeutics is still doubtful. Until this 
question is settled, no satisfactory method of standardizing anti-anthrax serum 
can be proposed. 
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TETANUS 

History 

This disease was described by Hippocrates, Aretams, and others, Imt its nature 
remained obscure till Carle and Eattonc in 1884 demonstrated its transniissibility 
to a.tilTna.1s They injected a number of rabbits with a suspension of an acne 
pustule, which had been the starting-point of a fatal attack of tetanus. The 
injections, which were made into the sciatic nerve or into the back muscles, were 
followed in 2 or 3 days by tetanus. The disease could be transmitted to fresh 
animals by injection of a suspension of nerve tissue. 

In the same year Nicolaier (1884, 1886), working at Gottingen, found that the 
inoculation of earth into mice, guinea-pigs, or rabbits was frtujuently followed l)y 
a disease closely simulating human tetanus. In the pus at the site of inoculation, 
besides cocci and other organisms, he noticed long, thin bacilli, resend)ling, but 
rather larger than, Koch’s bacillus of mouse septicajmia {Ery. imtrmpica). Though 
he was unable to isolate this organism in pure culture, he grew it in deep coagulated 
serum for seven generations, and reproduced the disease by injection of tlio last 
culture. In animals dying of the experimental disease Nicolaier was unable to 
find these bacilli microscopically except in the local lesion and, occasionally, in 
the sciatic nerve sheath and spinal cord. Their limited distribution led him to 
suggest that the organisms multiphed locally and produced a strychnine-like poison, 
which, on absorption, reproduced the disease. In 1886 Kosenhach observed a 
similar bacillus with a round terminal spore in a human case of tetanus, and the 
pus proved infective to animals. The final demonstration of the setiological role 
of the tetanus bacillus was furnished in 1889 by Kitasato, who isolated it in pure 
culture from pus. This he accomplished by heating the pus to 80° 0. for 45 to 60 
minutes to destroy non-sporing organisms, plating out on gelatin, and incubating 
in an atmosphere of hydrogen. The inoculation of pure cultures into animals 
was successful in reproducing the disease. 

Epidemiology. 

A. Incidence. — Tetanus is an infective disease resulting generally from the 
contamination of a wound or taw surface, and characterized by a series of tonic 
muscular spasms usually commencing in the neighbourhood of the site of infection. 
The frequency with which the massetet muscles are involved has given rise to the 
popular term lockjaw. In mild cases the spasms may remain localized, but as a 
rule they become general and involve the whole of the somatic muscular system. 
In infants the cut surface of the umbilical cord may afford an entrance to the 
bacilli— tetanus neonatorum ; and in mothers tetanus occurs, though very rarely, 
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as tlie result of infeetiou in post-partuni genital tract. Infections of the face 
or head j^ive, risi‘, io a peculiar iorm -~(*ephali<*- tetanus — characterized by facial 
paralysis and dyspliagia. Vis(‘.eral tetanus is an uncommon form, in which infection 
appears to originate from the hmulli in the intestinal tract. 

In this (‘ouni.ry the. dis(‘.a,s<; is coitiparatively uncommon. From 1915 to 1924 the 
mean annual niuulH^r of civilian deaths in England and Wales was 157-7, of which 
123-2 were in nuui and 34-5 were in women. But in other countries, particularly 
the tropics, the disease, is more widespread. In 1909 there were 1,373 deaths from 
tetanus amongst 732,528 deaths from all causes in 18 states of North America ; 
of these 30*7 pe.r (‘ent-. were in ehiklre.n under 1 year (Osier 1920). At one time the 
4th July c(de}»rations were followed hy a large number of cases, usually resulting 
from blank cartridges \\oini<ls (Smith 1908). 

Tetanus lias folhoved the at! ministration of gelatin for the control of haemorrhage, 
of vaccine lymph, of a,nt-it.oxi<‘ sera, of bacterial vaccines, and the insertion of 
catgut (Hmitli 1908). 


During tiie war of 1914-18 the total number of British 
wounde.d on all fronts was officially reported as 2,032,142 ; of 
tiie.se 2,385 devtdoped tetanus — an incidence of T17 per 1,000 
wouiuiiid. The ratio was much higher at the beginning of 
ihe war (s(u^ p. 17G0 and Figs. 294 and 295). 

B. Incubation Period. — In patients not receiving prophy- 
lactic injection of antitoxin the incubation period, after a severe 
wouml, varies from about 3 to 21 days; the commonest time 


1917 





liiiliiis 



Fio. 294. 

'fhe ratio |kw 1,CKK) of cases of totamis to wounded. (After Bruce.) 


of onset is almut the 7th day. During the war the incubation period increased 
enormously— partly on account of the use of antitoxin prophylaotically ; thus 
in cases treated in home, liospitals, the incubation period increased from an aver- 
age of 11-8 days in 1914 to 50 days in 1918-19 (Bruce 1920), 

C. Mortality,— This depends on the nature of the wound, the site of infection, 
and the treatment accorded. Severe wounds, especially if deep, lacerated, or 
badly soiled, are cdiaracterized by a high mortality. Wounds of the upper ex- 
tremities are more dangerous than those of the trunk or lower extremities (Bruce 
1920). Tetanus neonatorum is very fatal. 

The earlier the onset of symptoms, the more likely is death to occur (Table 
169) (Bruce 1920). 

In pre-serum days the case mortality was about 85 per cent. (Bruce 1920). 
Bruce (1915, 1916, 19176, c, d, 1919, 1920) reports on 1,458 oases of tetanus 
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TABLE im 

Showing the Relation between the Length of the rNouBATioN Pehioo ano the 

Mortality in Tetanits, 


Length of Incubation 
Period. 

H CuHc Mortality 

No. of t.asefl. | 

1 

2-10 days 

11-22 days I 

Over 22 days .... 

294 58-1 

477 Sfi-S 

579 17-3 


that were treated in home hospitals during the war of IDl-i-lH. After i9M almost 
every patient had received one or more prophylactic inuculatioius of antitoxin; 
the majority had also been treated therapeutically with antiHcrom. lln* inortaiity 
from tetanus of these cases was as follows (Table 170) : 


TABLE 170 

Mortality op Cases op Tetanus in the war of lOM-lHA 


Year. 

No, of Cases. 

Died of 
Tetanus. 

Eecovered. 

Percentage 

Mortality. 

1914 . . . 

182 

101 

81 

55-6 

1916 . . . 

138 

78 

60 

5(!-r> 

1916 . . . 

461 

170 

281 

37*7 

1917 . . . 

376 

76 

294 

20*5 

1918 . . . 

291 

73 

204 

26-4 

1919 . . . 

20 

3 

16 

16-8 


^ 21 oases dying from causes other than tetanus have been exeluded. 


Amongst cases of tetanus developing in France or Belgium and treated abroad 
the mortality was very much higher. In the spring of 1915 amongst 179 cases 
there were 140 deaths — 78-2 per cent, case mortality. Between July and October, 
1916, Leishman and Smallman (1917) reported on 160 cases with a mortality of 
73-7 per cent. And between November, 1916, and December, 1917, Cummins 
and Gibson (1919) reported on 376 cases with a mortality of 67-0 per cent. The 
higher mortality in France was no doubt due to the fact that cases of tetanus with 
a short incubation period were treated abroad, whereas those in which this period 
was longer were generally evacuated to England. 

D. Distribution of Tetanus Bacilli. 

Soil.— Nicolaier (1884) demonstrated the presence of tetanus bacilli in 12 out 
of 18 samples of earth. Some of the specimens — from Leipzig ancf Berlin— had 
been kept for years. In this country Fildes (1925a) examined 70 specimens of soil 
from waste and cultivated lands, and found Cl tetani 33 tildes. In Baltimore, 
Gilles (1937a) found toxigenic strains in 9 of 63 samples of street dust, 

Animal F^eces. — ^Toledo (Toledo and Veillon 1891) demonstrated the presence 
of CL tetani in horse and in cow dung. Noble (1915) found it in 18 per cent, 
of 61 samples of horse fseces examined, but not in any of 21 samples of cow 
fseces. Sanfelice (1893) demonstrated it in 7 out of 23 samples of normal guinea- 
pig faeces. Fildes (1925a) isolated it from 34 out of 200 samples of normal horse 
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fteces from London .stables. Kerriu (1929) found it in 8 out of 53 samples of horse 
foGCCs, 4 out of 21 samples of cow, 6 out of 23 samples of sheep, 17 out of 37 samples 
of dog, 52 out of 14 1 samples of rat, and 6 out of 34 samples of hen feces. Approxi- 
mately half of the strains proved to he atoxic. 

Human F/T.CES.-"Pizzini (1898) demonstrated the presence of 01 tetani in 
human faeces ; he found it in 3 out of 10 samples from ostlers, and in 2 out of 90 
samples from peasants. On the basis of these results, it has been generally 
assumed that contact with horses strongly predisposes to the carrier condition in 
man, ])ut we. doubt if this aHsiimption is justified. In this country Tulloch (1919- 
20) found the tetanu.s banillus in 5 out of 31 specimens of feces, and Fildes (1925a) 
only twice in 200 spi'c.imcns, while Kerrin (1928, 1929) failed to find it once in an 
examina-tion of 304 samples of adult stools. Similarly Scheunemann (1931) in 
Germany was unable to i.solatc it from 50 samples of human feces. The tetanus 
bacillus must be ing(‘st(Hl frequently with raw food, but the evidence suggests that 
it is an organism of ])assage, which does not find a natural habitat in the human 
intestine. 

Reproduction oi the Disease in Animals. 

Tetanus can be reproduced by the inoculation of pure cultures or of toxin into 
mice, rata, guinea-pigs, rabbits, goats, sheep, horses, and monkeys. Cats and dogs 
are more resistant ; birds and cold-blooded animals are highly resistant. The 
most susceptible animal, calculated on the amount of toxin per gram of body 
weight necessary to prove fatal on injection, is the horse. This is about 12 times 
as susceptible as the mouse ; the guinea-pig is 6 times, and the monkey 4 times, 
as susceptible aa the mouse (von Lingelsheim 1912, Sherrington 1917). On the 
other hand^the rabbit is twice, the dog 50 times, the cat 600, and the hen 30,000 
times as resistant as the mouse (Kitasato 1891, von Lingelsheim 1912). For a 
description of the lesions produced in laboratory animals reference should be made 
to Chapter 36. 

Mode of Infection in Tetanus. 

Vaillard and Rouget in 1892 found that, if tetanus cultures were heated to 
65-67® C. for half an hour to destroy the vegetative bacilli and the toxin, the 
toxin-free spores remaining could be injected in large numbers into a guinea-pig 
without giving rise to the disease. Microscopical examination showed that the 
spores did not germinate in the tissues, but were rapidly taken up by the phagocytes, 
so that in 2 or 3 days they were completely ingested. If, however, the spores 
were protected from the phagocytes by being ^rapped in filter paper, they ger- 
minated and gave rise to fatal tetanus. The same results could be obtained by 
inflicting a trauma at the site of injection, sufficient to cause tissue necrosis or 
efiusion of blood, or by creating a simple fracture. In the damaged tissue the 
spores were able to germinate, whereas in clean, aseptic wounds they were unable 
to do so. The presence of other organisms, particularly aerobic, in the wound also 
permitted the germination of the spores. From these observations it appears 
that toxin-free spores are innocuous, but that they can be activated by injuring 
the tissues or by a secondary infection. 

These observations were extended by several workers, of whom, for the sake of con- 
venience, we may quote one of the latest. Francis (1924) found that toxin-free spores 
were rendered pathogenic for guinea-pigs by the simultaneous injection of staphylococci, 
or of a tissue debilitant such as quinine. He also observed that if either of these agents 
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was inoculated some time after the injection of the spunks, tetariiw frecpiontly dt‘velopcd. 
The result depended on the time elapsing between the two ions. Wlien the spores 
and the accessory agent were given simultaneouvsly into the same site, alt tiu' animals died ; 
when the accessory agent was given into the same site 0 to dO dass aitiT the spores, 11 
out of 24 of the animals died ; and when the interval was Ixd.wtHm dO and !)0 da 3 's, only 
2 out of 20 died. These experiments show clearly that th(' spores mav survive in the 
tissues for some time. This confirms the work of Vaillard and Rmigtd ( !S02}, who found 
that though the spores were rapidly ingested by phag()(‘yti‘«, they wen* not rR‘e(*ssarily 
destroyed, but might remain latent within the cells, and spontaneously' give ris(^ iu tetanus 
some months afterwards (idiopathic tetanus). Rrancis eom‘lud(‘d ihxi in guiiu*a-pigs 
they nearly all perished within 30 days, but that in mieo they r(‘maiiu*d hit(*nt for at i(*ast 
4 months. 

During the war of 1914-18, renewed interest was taken in the mode of infection. 
Numerous observations showed the presence of the tetanus haoilius in the wounds 
of men who manifested no symptoms of the disease. Thus in an examination of 
100 soldiers not suffering from tetanus, Tulloch (1919-20) fouml the bacillus 19 
times. Observation also showed that tetanus nnglit not develop for weeks or 
months after the wound had healed, and might then appear au(I<lenly after an 
operation, perhaps on another part of tlie body. Then* is on ,r(*cord a luiiuber 
of cases in which tetanus developed up to 14 years afUw tiu*. presunu'd iuirodm^tion 
of the spores into the tissues ; and Bouncy, Box and MaeTjcnnan (1938) described 
one case in which tetanus bacilli were isolated from the uterim*. tissue ten years 
after an operation which had at the time been follow eil by a typical attai^k of 
tetanus. 

Eepeating the experiments of previous workers, Tulloch (I919-2d) found that 
toxin-free tetanus spores injected into animals could be Htimulate.d «t.o activity 
by the simultaneous inoculation of tissue dehilitanta, such as la(^tic acid, saponin, 
and trimethylamine. The results were not always saiisfaetory ; moreover the 
type of debilitant necessary to prove effective varied with the species of the animal. 
Ee then tried the action of Cl welcMi and Cl seftimm toxins, and found that the 
addition of a sublethal dose of toxin to tetanus spores enabled tlio latter to germinate 
and give rise to a fatal disease. 

Bullock (Gye) and Cramer (1919) made an important contrii)ution to the subject 
when they discovered that the injection of small quantities of ionizAblo calcium 
salts together with toxin-free spores invariably led to th(^ development of tetantis. 
About 2-3 mgm. of CaClgWas sufficient for a mouse, and about <iouble this quantity 
for a guinea-pig. . Using washed bacilli — hut not spores— -the same result was 
obtained whether the bacilli and the salt were injected into different sites at the 
same time, or into the same site at different times. Further examination led them 
to conclude that the effect of the calcium ions was not to alter the virulence of 
the bacteria or the potency of the toxin, but to produce a local change in the 
tissues at the site of injection. When the calcium salt and the bacilli were injected 
at different sites, the lesion occurred at the site of injection of the salt ; here, it is 
stated, the organisms were present in large numbers and were not ingested by 
phagocytes, whereas at the site of injection of the bacilli they underwent lysis 
and rapid phagocytosis. 

It was further observed that soil had much the same action as that of the pure calcium 
salt. When, however, the calcium salts in, the soil were precipitated by sodium carbonate, 
the watery extract no longer proved effective. They therefore came to the conclusion 
that one of the factors in allowing the germination of tetanus spores in a wound is the 
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presence of ioiiiztiblo Ccilciuiii salts. Under natural conditions th.ese are frequently intro- 
duced with the earth contaminating the wound. The faet that calcium salts are more 
abundant in cultivated th<an in waste soil, and that tetanus was far commoner at the 
beginning of the war, when the fighting was mainly on the highly cultivated soil of Flanders 
than towards the end, when the soil had largely become waste, led them to suggest that 
there might be a causa.l relationship between the diminution of the calcium salts in the 
soil and the decrease in the incidence of tetanus. 

Careful investigations hy Fildes (1927) and Russell (1927) suggested very strongly 
that the geritnnation of tetanus spores in the tissues is dependent chiefly upon the oxidation- 
reductioii pc )tnn tial of the tissues. Histological examination of the tissues of guinea-pigs 
inocidated with spores reveahnl the fixet that phagocytosis was always incomplete, and 
could not th(‘r(dbrc be held n^sponsihle for the failure of the spores to germinate. It was 
observed that g(‘rnu nation never oeuiirred when the heated spores alone were injected ; and 
that when a iiuxture of spores and earth was injected, germination occurred only in the 
small areas of ntaaosis produced by the earth. Calcium chloride was found to produce 
a widespr(\ad ucktokis ; spores iuoculated at the same time germinated over the whole 
of the iK'crotic area. Fildes considered that in the normal tissues the 0-R potential 
is sufiieientily high to pr<‘vent the spores from germinating ; but that in areas of necrosis 
the poteuthd fa-lls to a point sufficiently low to permit of their germination. He would 
aserilie in fa.(‘t the same, importiince to the 0-R potential in determining the germination 
of spores hf riro as in nitm. 

Further observat-ions by Fildes (1929a, b) and his colleagues (Knight and Fildes 1930, 
Campbell and Bfildes 1931), have greatly strengthened this view. It was found that 
tetanus spores wore unable to gonuinato in a medium of pH 7*0-7‘6 unless the oxidation 
reduction potential was reduced to Eh + 0-01 volt or below. The Eh of the subcutaneous 
tissue of tho giunea-j)ig was found to be above this level. If, however, the partial pressure 
of oxygen in the tissues was lowered by keeping the animals in an atmosphere containing 
only 7 per cent., instead of the normal 21 per cent., of oxygen, then the Eh was reduced 
to a level at which germination of the spores in the presence of a mild activating agent such 
as aleuronat was oft(m rendered possible. (See also p. 1206.) 

The observations of Wamoscher and von V^sarhelyi (1933) also support Fildes’ explana- 
tion. These workers found that one of the most successful activating agents was a small 
piece of sterile agar. This acts presumably, not by causing an area of focal necrosis in the 
tissues, b\it by furnishing a nidus, cut off from the blood supply, in which the Eh is suffi- 
ciently low to enable tetanus spores to germinate. 

From these observations we may form a conception of tbe genesis of tetanus 
in the body. When tetanus spores are introduced into a wound by contamination 
with eartb, horse faces, or other material, their fate depends largely on the presence 
or absence of certain accessory factors. Many of these have been described— 
notably trauma, hamorrhage, tissue necrosis ; chemicals such as lactic acid, 
saponin, trimethylamine, colloidal silicic acid, and ionizable calcium salts ; and bio- 
logical substances such as the toxins of CL septiawm and CL welchii. Which of 
these factors is the more important it is impossible to say ; recent work tends 
to ascribe less importance to mechanical injury, and more to calcium salts 
and the toxins of other anaerobes. The presence of a suitable accessory factor 
enables the spores to germinate and multiply in the tissues *, it seems probable 
that this action is dependent on the production by tissue debilitants of an area 
of necrosis with a sufficiently low oxidation-reduction potential to permit the spores 
to germinate* In post-operative tetanus the spores may be derived either from 
infected catgut (see Mackie 1928, Mackie et al 1929, Bulloch 1929), imperfectly 
sterilized instruments or dressings, or some other source such as the intestinal or 
the respiratory tract (see Carbone and Perrero 1895, Motzfeldt 1912, Wright 1930). 
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Absorption and Mode of Action of Tetanus Toxin. 

The absorption and mode of action of tetanus toxin has provided a problem of 
extraordinary interest to experimental workers. The field covered has !)een so 
wide that it is impossible to do more than give here «an outline of sotiie of the more 
important experiments. Those who are interested in tlic subject will do well to 
consult the papers of Abel and his colleagues (seep. 1753), whi(‘fi give a far more 
adequate historical survey than we can provide. 

If a guinea-pig is injected with a culture of tetanus bacilli, and allowed to develop 
the disease and die, it is found that scrapings from the site of inoculation arc very ridi 
in toxin; in fact, Francis (1924) calculated that the scrapings from a single animal would 
be sufficient to kill 4,800 mice. On the other hand the blood serum of the dead guinea- 
pig contains only a minimum amount of toxin, perhaps just sufficient iii 1 ml. to kill 
one mouse ; while the organs are completely non-toxic (Rosenba.cih 1880, Kita-sato 1891). 
Even the central nervous system, in which the toxin might bo suspected of accuimulating, 
is harmless on injection into animals (Kitasato 1889, Meyer and Kansotti 1908). 

The toxin does not appear to be absorbed by the blood to any groat extiuit, bet^ause 
in the first place the toxin content of the blood is very low, and secondly, in f)r(ier t.o pro- 
duce fatal tetanus, more toxin is required when given by the blood Htr(‘atn than wluni in- 
jected subcutaneously ; moreover, with a given dose of toxin th(^ incubal ion p(*riod is 
longer after intravenous than after subcutaneous inoculation. 

Bruschettini (1890, 1892) induced tetanus in rabbits by the injoctiou of toxin beneath 
the skin or into the sciatic nerve ; suspensions of the organs wore mad(^ a>nd injc^ct^ed into 
fresh animals. The blood and kidneys proved toxic ^ the lumbar cmlargcnient of the 
cord was sometimes toxic after subcutaneous, and invariably afU?r intraneural, inj<Mdiion. 
He concluded that part of the toxin found its way into the blood Ktream, wheneo it was 
excreted by the kidneys ; and that part was absorbed by the peripheral nerve^s and (tarried 
to the central nervous system. 

In 1897 Marie found that the direct injection into the sciatic iutvc of a B\d>-lethal 
dose of toxin was sufficient to provoke a fatal attack of tetanus in a rabbit. Btit if a 
lethal dose was injected into the forepaw of a rabbit, whoso 2nd t*orvjcal nerve on that 
side had been cut, tetanus failed to develop. Those observations suggoshKl that the 
toxin was absorbed by the peripheral nerves and conveyed to the spinal <H)rd ; if these 
nerves were cut, the toxin was unable to reach the cord, and honco teUnuH did not oecnir. 

This suggestion was confirmed by Meyer, who found that the sciatic nerve of an animal 
into whose foot an inoculation had been made was toxic to other aiumals, Marie and 
Morax (1902) repeated this with similar results, and added further irnportont information. 
Thus, they showed that the peripheral nerves can take up toxin only if their nerv<s endings 
are intact. The absorption occurs rapidly ; for example the sciatic nerve of a gmnea- 
pig which has been injected in the foot is toxic to mice in a little more than an hour after 
the inoculation. Further experiments suggested that the toxin passed up the axis cylinders 
in a centripetal current towards the spinal cord. Thus if the sciatic nerve is cut at the 
popliteal space some time after inoculation of toxin into the calf, the central end rapidly 
loses its toxicity. If the toxin is injected directly into the lumbar cord, the sciatic nerves 
remain free from toxin, whereas both the lumbar and the dorsal cords contfiin oonsiderabl© 
amounts. 

Meyer and Ransom (1903), using somewhat different methods, came to very much 
the same conclusions as Marie and Morax. They injected antitoxin into the right sciatic 
nerve of a rabbit, and then injected toxin subcutaneously into both hind legs. Tetanus 
developed in 2 or 3 days, but commenced in the left leg ; the right leg remained unaffected. 
In other words, the antitoxin had apparently blocked the passage of the toxin up th© 
sciatic nerve of the right side, and prevented its reaching the cord. 

Again, they injected toxin intravenously into a cat, and on the same day injected the 
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sciatic anti femoral nerv<\H with antitoxin ; the cat developed general tetanus with the 
exception ot tht^ hind l(‘gs which appeared uonnal. Their experiments seemed to show 
that the toxin was aliscrhed by the motor nerves, up which it passed to the spinal cord, 
where it ex<*rtcd it s eilhot on t h(‘ anterior horn cells. If this is so, then the direct injection 
of toxin into th{‘ anti'rior portion of the cord should bo followed rapidly by tetanus. This 
deduction is corna-.t. .Mtycrand Ransom, in fact, found that under these conditions the 
first symptoms ol* tetanus in a. c;it. apptwed in about 3 hours. This seems to explain why, 
after injt‘ction of pure toxin into a limb, there is an incubation period before the disease 
manifests itstdf. This piu’iod is ocmipied in the absorption of the toxin by the nerve 
endings and its passage^, upwards to the cord. As a rule, the smaller the animal and the 
leas the distanc<‘ the t.oxin has to travel along the nerves, the shorter is the incubation 
period. In the mons«% for example, it is about 12 hours, in the rabbit 18 to 36 hours, in 
the dog 36 to 4K hours, an<l in the horse 5 days (Meyer and Ransom 1903). The dose of 
toxin administm*(al is also a. (Uderminiag factor. The larger this is, the shorter is the 
incubation [Huiod. 

It, is necessary lor tlu* tiixiii to reacli the anterior horn colls of the cord ; this it does 
by passing up the motor muna^s. If th(‘, toxin is injected into the posterior roots between 
the ganglion ami tlu* <‘or<l, t^danus, as it is generally understood, does not occur. More- 
over, if the. toxin is inj(‘cted into a part of tlie body devoid of motor nerves such as the 
testhdes or the peritomnim, a peiadiar form of splanchnic tetanus develops, characterized 
by a longer incubation period, a more rapid illness, and an absence of muscular spasms 
(von Lingelslieim 1912), 

we may say that the evidence hitherto quoted suggests that the 
toxin, wlum injiK’tcil into a limb, is absorbed chiefly by the motor nerve endings ; 
thence it passes up the axis (ylitiders to the anterior horn cells. Not until these 
have been reatdted, do symptoms of tetamis appear. At first the contractions are 
confinod to the injec-ted linib ; but later, as the toxin disuses through the cord, 
the opposite liml) and finally the muscles over the whole body become affected. 
A small amount is probably absorbed by the lymph and carried to the blood stream. 
From this it is taken up by the motor nerve endings in different parts of the body. 
Hence the tetanus developing after intravenous injection of toxin is slower in its 
development, Init is generalized from the first. 

This conception of the genesis of tetanus has received very severe criticism 
from Abel (1934) and his colleagues (Abel and Hampil 1935, Abel et al 1935a, 5, 
Abel, Evans and Hampil 1936, Firor and Jonas 1938, Abel et al, 1938, Abel, Firor 
and Chalian 1938). 

Briefly, thcHo wtirkcrs object to tho hy|K)thesis of axis cylinder carriage on the ground 
that (1) ih(‘re m no eviilaiuse to show that the axis cylinders ever contain tetanus toxin ; 
(2) there is no known mechanism that will explain how the toxin is transported in the axis 
cylinders, often for long <listances, to tho central nervous system ; (3) the injection of 
a siibdothal doso of toxin directly into the sciatic nerve of the dog does not give rise to 
tetanus, provided measures are taken to prevent the escape of the toxin into the surround- 
ing tissues ; and (4) the injection of antitoxin into the sciatic nerve, provided pone leaks 
into thc^ surrounding tissues, does not prevent the development of local tetanus after 
injection of toxin into the muscles of tlie leg. 

A second hypothesis, whiesh has been held by some workers, that the toxin is carried 
to tho central nervous system by tho endoneural and perineural lymphatic vessels, seems 
to be ruled out on aimtomioal grounds. There is no evidence to show that the neural 
lymphatics drain into the cerebrospinal fluid ; on the contrary the evidence seems fairly 
conclusive that they drain directly into lymph glands, which in their turn drain into the 
thoraoic duct. 

Discounting th«e two hypotoeses, as well as that of the transference of the toxin 
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in the tissue spaces of the nerve trunks by molecular forces, Aboi adopts the view that the 
toxin reaches the central nervous system by the arterial (drculation. Contrary to the 
findings of certain previous workers, he has been able to show that, it doses gn^attT than 
the minimal lethal dose are used, a very high proportion of the toxin inj(H‘t(‘d into the 
limb of a sheep may be demonstrated in the lymph-glandular a,nd vasenlar systems. 
Minimal lethal doses of toxin are fixed by neural and other tissues, so tliat the toxicity 
of any tissue for experimental animals into wliich it is injected results entirely fiauu the 
presence of blood or lymph containing free toxin. Secondly, Abel belitnx's tliat t(‘tanus 
toxin has a dual action on the central and on the peripheral nervous system. Hy means 
of multiple injections at various points of a limb, he has ])roduced local tetanus in dogs 
with amounts of toxin so small that generalized tetanus never devxdops. Intravcuious 
toxin, on the other hand, produced both the local muscular rigidity «and the relh^x excita- 
bility of the muscles that characterizes generalized tetanus ; while application of 
toxin directly to the cord in the region of the anterior horn <after a latent p{‘riod of one 
to two hours produced the reflex excitability alone. Tlic alxdition of lo(*al tetanus by 
section of the appropriate nerve depends, not on the destruction of the path by which 
the toxin reaches the anterior horn cells, but on the abnormally low toui(‘ity of the motor 
end-organs. 

The hypothesis of a dual action is supported by the work of Harvey (1931)) and HtduKder 
(1944). Harvey found that the intramuscular injeeiion of sub-lethal amountis of toxin 
in divided doses produced local tetanus not only when th<^ nerve was intact but also 
when the nerve was cut, 'provided that degeneration had not oecurrt‘(L Hcadiou of tlu* 
nerve diminished the rigidity, but did not abolish it. from a considcTation of th(‘ tdcndricial 
activity in tetanic muscle and the response to curarinc, Harvey conclud(‘d that th(‘ integrity 
of the nerve ending, not its connection with the C.N.8., was essential for tht» gtm<*sis of 
local tetanus. He suggested that the toxin might act by increasing th(‘. uoruial le.ak, 
and in consequence the synthesis, of acetyl-choline in the end-organs, and by int('rf(wing 
with choHne-esterase production. From similar considerations, 8cha(der Hupports th<^ 
notion of local action by the toxin, and claims to have (l<unonHtrat(Hl a raiscHl a(;t‘tyl* 
choline content in tetanic muscle. He found no evidence of any interfer<mc<‘ witli (tholim*- 
esterase by the toxin. 

The estabhshinent of a dual action of the toxin, on end-organs and on th(^ ankuior 
horn cells or their synapses, would not necessarily support AboFs gonorai hypothosis of 
an exclusively blood-borne intoxication in tetanus, though it would tdearly r(‘move one 
of the outstanding objections to it. Another objection, made by Frkxlcnnaim, Zuger and 
Hollander (1939a), is based on experiments indicating a H(‘l(‘ctivt‘ impcTtncability of tlu^ 
capillaries and the central nervous system to tetanus toxin, which tlu^y attribub* to 
a peculiarity of the toxin molecule. The toxin must, of (Jours(% ])aHH through (‘apillary 
walls in other tissues, otherwise on any hypothesis intravemous inj(‘ction of toxin would 
be without ill effect. There is evidence that the capillaries of the l)rain may difIVr from 
those of the rest of the body in their permeability to various eircmlating dyes (sta^ Fri<*de- 
mann 1942), but its applicability to the problem of tetanus toxin is (!onk‘st(‘d {h<*{% for 
example, Doerr 1940). In this connection we may note that Barnes and Truetfi. (1941), 
who immobilized the limbs of rabbits in plaster, found that several hdhal doses of tc^xin 
could be injected into such limbs without ill efiF(‘ct. When aftcT sonns days the plaster 
was removed tetanus followed. If we assume an intact blood circulation, it app(‘arH that 
toxin was not absorbed into the blood capillaries ; the restoration of movement in the 
leg might have promoted absorption by the lymphatics, or th(^ diffusion of the toxin to 
large numbers of end-organs throughout the muscle. 

The observations of Friedemann and his colleagues (Friedemann, Zuger and 
Hollander 1939a, Friedemann, Hollander and Tarlov 1941) on tli<‘ genesis 
of tetanus in the guinea-pig go far to restoring the ])osition attaeknl by 
Abel. 
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They found that ihe amount of circulating antitoxin which protected an animal from 
death was d(*it‘rndn(‘d l)y the route of injection of the toxin. With intramuscular toxin, 
this amount was tip to SO tinH\s as great as that needed when the same dose of toxin was 
given intraveaioualy : but if t.h(‘ motor nerves Hup})lying the injected part were cut, the 
protective amount of anthioxiu was th<‘ same for both routes of injection, suggesting 
that in the int'aid animal, a <‘onsi<h‘rabl(‘ amount of toxin reached the central nervous 
system by some rout<‘ otlua* than the (‘ireulation. They noted that fatal tetanus followed 
the local inje(‘t.ion of toxin in animals whose circulation contained, up to the time of 
divath, a. large t‘xe(‘ss of antitoxin ; and, hy transection of the cord, were able to limit 
the tetanus, indiuH'd by inj(‘etiou of toxin into one hind limb, to structures innervated 
from till' (‘ord bc'low th(‘ h‘V(‘l of section. Moreover, in transected animals, tetanus occurred 
in both hiiul limbs, diH‘ a-ppanuitly to a migration of toxin across the cord below the 
level of transeet.ion. 

Summarizing, wes may say that wc arc still ignorant of the exact mechanism 
by whi<*.]i tetanus toxin is absorbed, and of the way in which it exerts its action on 
the body cells. The two main hypotheses are (1) that the toxin is absorbed by the 
motor nerve endings, and {‘arri<Hl up the axis cylinders to the anterior horn cells 
of the (umtral narvom systtgii, which are then stimulated to produce muscular 
contractions ; (2) tliat the toxin acts locally on the motor nerve endings, and 
centrally on the anterior horn (udls, which it reaches via the lymphatic vessels 
and the blood stream. 

One (lilbeulty in diMmliug these hypotheses lies in the variety of 

experinumlal animals- eats, dogs, guinea-jiigs — investigated. What is true for 
the rabbit an<l guiium-pig may not hold for the cat or the dog. Some of the data 
upon whi(di tlu‘ hrsi hypothesis was basial are capable of other interpretations, 
and tlu‘4iy})ot lu'sis of dual aetioTi merits vserious consideration. There are neverthe- 
less certain facts which, if ('onfirmed, cannot be reconciled with the second 
hypothesis. 

With regard to the main assumption in the first hypothesis, the transmission 
of toxin along the axis cylinder, little can profitably be said. There is no evidence 
of a protoplasmic flow in the axis cylinder by which toxin could be carried, and 
it seems likely that movement by diffusion, especially of a substance known to 
be readily fixed to neural tissue (sec p. 1756), would be exceedingly slow. In 
support of a ready movement of toxin along the axis cylinders it is customary to 
cite the transmission of neurotro])ic viruses like poliomyelitis. The analogy must 
be used with caution, for toxin lacks at least one important property of viruses — 
namely the power to multiply within the nerve cell itself. Nevertheless, if the 
available evicicnc^e points to the occurrence of axis cylinder carriage, we must 
not allow our ignorance of the way in which such transmission is effected to prevent 
us from drawing the logical conclusions. 

Immunity to !r©timus, 

Hatuial.— Mammals vary in their susceptibility to tetanus ; ' some, such as the 
mouse, the monkey, and the horse are highly susceptible ; others, such as the dog 
and the cat, are much less susceptible. Most birds and cold-blooded animals are 
extremely resistant. Examination of the blood of susceptible and partially suscep- 
tible animals shows that, while the majority of cattle contain more than 1/500 unit 
of antitoxin per ml, no antitoxin is present in the blood of man, horses, dogs, pigs, 
monkeys, or rodents. Sheep and goats may contain small quantities (Coleman 
19S1, Coleman and Meyer 1926, Eamon and Lera4tayer 1934, 1935). The frequent 
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presence of antitoxin in tlie blood of ruminants may be causally associated with the 
comparative resistance of these animals to tetanus. It is suggested that in rumin- 
ants tetanus bacilli multiply and form toxin in tlie digestive reservoirs which 
precede the true stomach, and that the toxin so formed, partly modified perhaps 
by the products of bacterial fermentation, is absorbed and gives rise, to the produc- 
tion of antitoxin. Examination of the blood of naturally resistant animals has 
proved it to be devoid of antitoxin (Vaillard 1892) ; hence their immunity {‘annot be 
attributed to the presence of this antibody. 

Marie (1897) injected a rabbit intravenously with 3,0(K),00{) mouse* M.L.I). of toxin. 
Blood was removed at frequent intervals, defibrinated, and injticted in 1 ml. (juautlties 
into mice. Eor the first 17 hours the blood proved toxic, but after this iinu* it Ixu^ame 
innocuous ; the toxin had disappeared therefore from the circulation in l<‘s.s than day. 
Vaillard (1892), on the other hand, who injected a hen with 20 ml of toxin, Ibund that 
it persisted in the blood stream for several days. In the susc(‘ptil)l(* rabbit the toxin 
is supposed to be absorbed from the blood by the motor nerve (uidini^s, and (‘arri(‘d to 
the cord, where it gives rise to disease. In the non-susc(*piihle hen the* toxin ihx*H not 
appear to be absorbed at all, or only slowly ; hence tetanus fails to develop. 

An interesting contribution to the study of natural immunity was made by 
Wassermann and Takaki (Wassermann 1898, Wassormann and Takaki 1898), who 
found that the brain, and to a less extent the spinal cord, of normal animals was 
able to neutralize tetanus toxin. A mixture of toxin and brain suspension proved 
harmless on injection into animals. The amount that could be neutralized de- 
pended partly on the animal ; a guinea-pig's brain, for example, couhl neutralize 
completely 10 M.L.D. of toxin, and incompletely 60 M.L.D. They fouml moreover 
that the neutralization could occur in the body ; a mouse injected with a brain 
suspension, and 24 hours later given 3 to 5 M.L.D. of toxin, did not develop tetanus. 
From these experiments they concluded that the brain contained natural aTititoxin. 

As was to be expected, a number of workers immediately directed their attention 
to this interesting phenomenon (Marie 1898, MetchnikofE 1898a, 6, Roux and Borrel 
1898, Danysz 1899, Marie and Morax 1902), They all confirmed the original 
observation of the in vitro neutralization of toxin by a suspension of brain tissue, 
but differed from Wassermann and Takaki in their explanation of it. It was found 
that the cells of the cerebral cortex were most active ; that the brain of mammals 
was more powerful than that of birds and cold-blooded animals ; that the neutral- 
izing agent was insoluble in saline ; that the union between the toxin and nerve 
cells was not permanent ; that there was no actual destruction of toxin ; and that 
for neutralization to occur there must be an intimate contact between the toxin 
and the cells. Protection experiments failed completely unless the two substances 
were inoculated at the same site. It is clear, therefore, that the brain does not 
act by virtue of its antitoxin content. The nervous tissue of the susceptible mammal 
has a strong affinity for tetanus toxin and, by combining with it, prevents its 
transference to the motor cells of the inoculated animal. On the other hand, 
the nervous tissue of the resistant hen, frog, and turtle (Metchnikof! 1898a) has 
little or no affinity for the toxin, and hence fails to anchor it. That this is the 
true explanation seems apparent from Roux and Borrers work (1898), which 
showed that the lethal dose of toxin given directly into the brain of a rabbit was 
smaller than that necessary when given snboutaneously. The brain tissue of a 
si^ceptible animal resembles antitoxin in combining specifically with toxin, but 
with fatal effects to the animal concerned. 
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Tlicse obscTVEtioiis also explain the fact that the central nervous systein of 
aiiinials dying of tetanuH may aj>pear to be devoid of toxin, when in reality it 
contains a coiisidorable amount, lo demonstrate the presence of the toxin it is 
only necessary to grind i lie brain up in 10 per cent, saline and to leave the suspen- 
sion for some time, when the toxin will break away from the disintegrated cells 
and appear free in the fluid (Tizzoni and Cattani 1891a). 

Acquired Immunity.— One of the most important advances in the progress 
of bacteriology was made by Behring and Kitasato (Behring and Kitasato 
1890, Kitasato 1891, 1892, Behring 1892), when they discovered that the injection 
of a filtere<l culture of tetanus ]>acilli into an animal stimulated the production of 
an antibody whi(‘!i was able to neutralize the toxin and to preserve the life of 
animals ini<‘ctcd with it. It protected not only against injections of toxin, but 
also against inoculation of the tetanus bacillus itself. Thus, if 0*2 ml. of an anti- 
toxic rabbit’s serum was injected intraperitoneally into a mouse, and virulent 
tetanus lauulli we.re injected subcutaneously 24 hours later, the mouse remained 
perfectly w(dl. The, nature of the union between toxin and antitoxin has been 
discussed elsewluue (sf^e (jhapter 46). We may here confine ourselves to a con- 
sideration of its protective, action in practical prophylaxis. 

The antise.rum acts, not l>y interfering with the germination of spores, noro 
with ‘the multiplication of the bacilli in the tissues, but by neutralizing the toxin 
as fast as it is formed. If antitoxin is present in the circulating blood and lymph, 
it will neutralize the t>oxin before the latter has time to gain access to the nerves. 
If the antitoxin is not give.n till after the formation of toxin has begun, it will be 
too late to prevent the absorption by the nerves. 

It ft>liow8 that there are rigid conditions governing the usefulness of antitoxin. 
The most important of these is that it must be allowed to come into intimate 
contact with the toxin. Unless it does so it is valueless. It is known that the 
nervous tissue of mammals has a strong af&nity for tetanus toxin ; it has no such 
aj06.nitj for tetanus antitoxin. Once the toxin has gained entrance to the nerves 
it can no longer be neutrali 2 C.d, unless the antitoxin is itself injected into the nerves. 
Meyer and Ransom (1903) injected antitoxin in large quantities intravenously into 
a cat, and at the same time injected a dose of toxin into the sciatic nerve ; the cat 
developed tetanus. The nerve tissue acts as a harrier separating the toxin from 
the antitoxin ; and nothing short of enormous doses of antitoxin in the blood 
stream can save the life of an animal if once the toxin has gained access to the 
nerves. We have, in fact, the anomaly of an animal, whose blood contains sufficient 
antitoxin to save tlie life of hundreds of mice, itself dying of tetanus. If the 
antitoxin m injcctf«J, directly into the central nervous system, there is some evidence 
that it is able to neutralize the toxin and prevent further spread of the disease 
(Roux and Borrel 1898), Roux and BorreTs interpretation of their findings is 
open to question (see Abel and Hampil 1935), though in more carefully controlled 
experiments Friedemann, Hollander and Tarlov (1941) demonstrated the superiority 
of intraventricular over intravenous antitoxin in preventing local tetanus. Roux 
and Borrel also showed that an actively immunized rabbit, capable of withstanding 
large doses of toxin subcutaneously or Intravenously, yet succumbs as readily to 
the intracerebral injection of toxin as a normal rabbit. 

It should be noted that Abel (Abel et al. 1938, Abel and ChaHan 1938) dis- 
tinguished two stfi^es in the action of toxin — adsorption to the nerve cells, and 
fixation. Fixation coincided with the appearance of tetanic symptoms. In the 
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sheep, antitoxin given intravenously after demonstrable absorption of lethal 
amounts of toxin by the nervous tissue, but before symptoms of descending tetanus 
had appeared, had a curative action. 

Diagnosis* 

The bacteriological diagnosis of tetanus is often difficult and sometimes 
impossible. 

Microscopical Examination should be made where possible of the pus in the 
wound, and special note taken of bacilli with round, terminal spores. The presence 
of “ drumstick” bacilli is woi, however, pathognomonic of infection with OLtetani, 
The organisms may be present in such small numbers that they may be altogether 
overlooked. 

Cultural Methods are of more importance. The pus or wound scrapings are 
seeded into cooked meat medium, or into heart or liver digest broth containing 
a small portion of sterile rabbit kidney. After 5 days’ anaerobic incubation at 
37® C., if the typical bacilli are visible microscopically, the culture is heated to 
70-75° C. for 20 minutes to destroy non-sporing bacilli, and plated out on liver 
or serum agar. To obtain a pure culture repeated platings may bo necessary. 
,JFildes (1925a) has drawn attention to the rapidly-spreading, clfuse, proteus-like 
growth that occurs on an agar slope if the water of condensation is inoculated ; 
the bacilli grow over the whole slope and present a tenuous, jagged, fern-like edge 
at the top. From this a subculture may be made into the condimsatioii water 
of a fresh tube, and a pure culture obtained after two or three transfc^rs. Besides 
studying the cultural and biochemical reactions of the strain it is W(ill to tost it 
with a polyvalent agglutinating serum prepared against the common serological 
types of bacilli in the neighbourhood (Fildea 19256). Enrichment of the material 
for culture in broth containing 1/100,000 crystal violet is said to be effective 
(ailles 19376). 

Animal Inoculation. — ^Material from the wound should be suspended in saline 
and injected subcutaneously into mice or guinea-pigs. Though this procedure 
may give a positive result, it is not advisable to rely on it exclusively. Every 
e:ffiort should be made to obtain the organisms in pure culture before injection ; 
it is generally agreed that animal inoculation from a pure culture is more likely 
to be successful than from a mixed culture (McCoy and Bengtson 1918, Tenbroeck 
and Bauer 1922). The signs of tetanus in an animal are almost unmistakable, 
but a careful noicroscopical examination of the woun^ and the blood should be 
made to exclude the presence of other organisms. If a pure culture of the bacillus 
gives rise to the disease, then a broth filtrate should be injected into two mice, 
one of which has been given a prophylactic dose of antitoxin. In this way the 
toxicity of the strain can be established. 

Prophylaxis and Treatment. 

The surgical treatment of wounds that are likely to be followed by tetanus lies 
outside our province, but clearly everything must be done to avoid the persistence 
of necrotic tissue, and to control bacterial proliferation within the wound. Atten- 
tion must be drawn to the desirability of using properly prepared and disinfected 
catgut in the suturing of tissues at operation. The way to ensure this is described 
in the admirable monograph by Bulloch (1929) and his collaborators Lampitt and 
BusMll (1929), 
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Preparation, Standardization and Properties o! Antitoxin.— The preparation of 
iietanus jiniitoxiti, \vhi(‘li plays so important a part in the prophylactic treatment of 
tetanus, has been tlu' subject, ot research ever since its discovery. The pure toxin 
is too act.ivti to be injected directly into susceptible animals, and some method of 
decreasing its tiuxicity has to be employed. 

Behring and Kitasato (1890) and Kitasato (1891) found that the injection into rabbits 
and mice of tetanus toxin, modiiiod by treatment with a solution of iodine tri-chloride, 
rendered them imniuno ; their soruin was found to contain an antitoxin capable of neutral- 
izing the toxin, ijater Bcdiring (1892) immunized sheep and horses, and was thus able to 
obtain antitoxin in considerable quantities. Experiments on mice infected with splinters 
of wood dipped iiua heiitiHl brt)th culture of CL tetani showed that the antitoxin was capable 
of protecting them if giviai before, simultaneously with, or 24 hours after the infection. 
The therapeutic dost^ n‘quired was \’-ery much greater than the prophylactic dose. Thus 
in one exptunment the t^ffc'ctive dose of scrum was 0*001 ml. when given 15 hours before, 
0*1 ml wdien given at. i \u) same tinu' as, and 0*4 ml. when given 24 hours after, the infection 
(Kitasato 1892). 

Vaillard (1892) eontirnu'd the value of iodized toxm, and succeeded in immunizing 
rabbits by ih(‘ injtndion of suee(‘ssivo doses of filtered cultures heated at progressively 
lower temptTatun^s ; fmally the animals were able to withstand the intravenous injection 
of ])ure toxin. He likewise (‘onfirmed Beliring’s and Kitasaio’s work on the neutralizing 
and prot(H^tiv(^ powtu's of tlu‘. a.niitoxin, but was unable to satisfy himself of its curative 
powt'r (V'nillard 1 891 ). Afit'i* a dose of 0*5 ml. of antitoxic rabbit serum into a mouse, the 
animal resist (*d tlu^ injiHrt ion of toxin during the next few days ; but after about a fortnight 
the passive immunity won* oil and the animal regained its susceptibility to toxin. Serum 
injoc*ted some hours after tlu* eojumeneement of symptoms was without effect on the 
progr(»Hs of tlu^ diH(*ase. I^izzoni andOattani (1891a) were also unable to convince them- 
H(dveH of th<^ <‘urative pow(‘r of antitoxin. 

Antitoxin was later }H’oduet‘d on a large scale by the injection of horses with toxin- 
autiit)xin mixtures (Buxton and (Ikmny 1921). The toxin was over-neutralized, and a 
series of injetdions was given at inU*.rval« of a few days over a period of some months. 
Of re(‘(mt. y<*arrt the preliminary t nuitment of toxin with formol has been widely adopted. 
The action of the formol is to dt‘priv(^ the toxin of its toxicity, while having little effect 
on its antig(uiiti value, Afh^r a seric^s of initial injections with this formolized product — 
sometinuw riderwal to as anatoxin or formol toxoid — crude toxin itself can he injected. 
The actual t( 5 (duucjue (ff preparing the toxoid need not detain us here. Usually about 
0*4 p(*r cent, of formol is ad<le<l to the toxin, and the mixture is incubated at 37°-39° C. 
till it is Hulfic'itmtly <Ietoxifed. About 20 ml. of formolized toxin should prove non- toxic 
to the guim^a-pig on subeuiam^otis inoculation (Hosoya et al. 1931, Wilcox 1934). Some 
workers |mH*ipita*te the t<^xoid with alum or zinc chloride, while some add tapioca or 
0*5 per <5(5nt, ()a(Jljj in an endeavotir to increase its antigenic efficiency (see Glenny et ah 
1920, Ramon H (d, 1931, Ramon and Lem6tayor 1932, Bergey 1934). 

The standardization of tetanim antitoxin has presented considerable diffi.culties, 
due in part to tim liability of tetanus toxin to deterioration. In the past, three 
different units have been employed a German, a French, and ah American. Com- 
parative obsc^rvationa made under the auspices of the Permanent Committee on 
Standardization of the Health Organization of the League of Nations showed that 
the relation of these units was as follows : 1 German unit — 66 American = 3,750 
French units (see Prausnitz 1929 ). It was agreed that an international unit should 
be established equivalent to one-half the existing American unit, and that the 
standard antitoxin should be kept at the Serum Institute, Copenhagen. So defined, 
the unit of tetanus antitoxin represents the specific neutralizing activity for tetanus 
toxin contained in 04547 mgxn. of the standard preparation. Antitoxin titrations 
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are best carried out hj tlie subcutaneous injection of toxiiwititiioxiii luixtuivs into 
mice, and the determination of that amount of toxin which just tails to fu'otluce 
tetanus by the 4th day (LO dose). The L+ dose, /.c., that dost^ wliiidi kills the 
animal on the 4th day, is much less satisfactory as a. l)asis tor standardization. 

Comparative tests in a number of institutions hav<‘. shown^tliati aiititoxitis can 
be assayed with some success provided that one specinuui ol t-oxin is cin])loye(l 
The toxic filtrates commonly used for assay, however, vary irn'atly with the st.raiu 
of Cl tetani and the medium selected for its growth. Kven wlum the. standardiza- 
tion of the toxin, and the methods of administering toxin and antitoxin to a given 
breed of test animals, have been carried to practic^ahle linutfS, tbere are (|ualitative 
as well as quantitative differences among antitoxins that 
iRATio j 191^ ~| may vitiate the assay. (Eeport 1938, 8inith 1938, Ipseii 
1^0 ^8. MM. 1940-41.) 

321 The potency of proteolytically refined antitoxins may be 

measured by flocculation methods analogous to the Ham on 

titration of diphtheria antitoxin (see, for example, Goldie, 

Parsons and Bowers 1942). 

— Properties.— Tetanus antitoxin remains fairly stable in a 

— cold, dark place. If dried, powdered, and pw'.ser ved in vacuum 

— tubes in the presence of phosphorus pentoxide, and kept in 

— the dark at 5® 0., it remains unaltered for years (Eosenau and 

— Anderson 1908). Exposure to sunlight or diffuse daylight 

— gradually destroys it. It resists heat at 60® G. for half an hour, 

— but is partly destroyed at 65° C., and completely at 68® C. 

— (Tizzoni and Cattani 18915). It is non-dialysable, and is 

— precipitated by ammonium sulphate with the globulin 
fraction. Hydrochloric and lactic acids, and caustic potash, 

destroy it. 

Injected intravenously into animals, antitoxin circulates 
in the blood for some days. A very small amount may pass 
into the cerebrospinal fluid and into the milk of lactating 
animals (von Lingelsheim 1912). After subcutaneous injec- 
tion the highest titre of antitoxin in the blood is reached in 
1 to 3 days ; from then on it diminishes till after a fortnight 
only a trace is left. Injected into the sub -arachnoid space it 
passes almost completely into the blood stream. 



Pin. 296. 

The incidence of tetanus per 1,000 wounded in Home Hospitals during 1014-16, showing the 
fall in incidence after Oct., 1914, when the use of anMtetanic serum became generalked. 
(After Bruce.) 
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MiicCoiikcy tind lIonu‘r (191 i) found tliu-t tlie passive iinniiiiiity conferred on 
guinea-pigs by the subcuitaiieous injection of ^ units of antitoxin disappeared in 
about a fortnight. Increascnl tlosage up to 40 units did not prolong this period ; 
but wlu'u enornious doses were given — 250 to 3,500 units — the animal remained 
immune for about a month. That is to say, passive immunity is at the best 
transient, and <‘an be redied upon oni}’- for a short time. 

Prophylactic Injection of Antitoxin. --In the prophylaxis of tetanus in man it 
is advisable to inject 500-1,500 units of antitoxin into the subcutaneous tissues 
as soon as possihh^ after the re<‘eipt of the wound. The type that calls for this 
treatmimt is the dirty huan-aled wound, contaminated with, street mud, earth, or 
animal fieces, especially if acToinpanied by severe bruising of the tissues or 
fracture ol the hom's, it is advisable to inject a portion of the serum in two 
or three places arouial tie', aet.ual lesion. The wound itself should preferably be 
excised: if this is impossible it should be cleansed and thoroughly drained. If 
the wound is sev<a*e and is likady to take some time to heal, it is well to repeat 
the inji^ethm e\'ery week, Hliould symptoms of tetanus develop, large doses — 
30,000 units or more must lie given every day, partly around the wound and 
partly intratlu‘(‘ally. 

From animal experiments there is not the least doubt of the protective value 
of antitoxin, but in man the evidence is necessarily indirect. This may be 
simnnarij5(Hl as follows : 

(1) . Tlu' prophylactit* inj(‘etioii of antitoxin within a few hours of the receipt of a wound 
ap|H‘ars to diminish gn'atly tlu* chances of tetanus. The incidence during the war of 
1914-18 is rccoi’dtKl in bigs. 294 and 295. The sudden fall in hTovember, 1914, can in all 
probability 1 h^ ascnhlKHl to tht^ prophyla<*tic use of antitotanic serum that was introduced 
about tiu5 middle of tlu^ precc*ding month. The rise towards the end of 1916 may have 
been fictitious; Bruce ascribes it to improved diagnosis, particularly of local tetanus, 
whicdi was largely overlooked at the beginning of the war. The subsequent fall in 1917 
and 1918 may pcrliaps be, relnU^d to the more efficient prophylactic serum treatment which 
was cinnimmeiid in tlunt% 1917, but more jirohibly to the practice of early excision of 
wounds which was introduced about- the same time. 

(2) Whtm it doi^s nut prev<mt the devt‘lo])mont of tetanus it appears to lengthen its 
inculiution period. This will be sinm from Table 171, showing the average incubation 
period amongst woundi*d treatcnl in homo hospitals during the war. 


TABLE 171 

Bnownsa the AvEicuas Incubation Period or Tetanus in 

DIFFERENT YeaRS OF THE WaR, 



Length of Incubation Period 

Year* 

in Days. 

1014 

11*8 

1015 

27*3 

1016 ... 

34-0 

1017 

48*0 

1818-10 

60-0 


A direct comparison of the average incubation period in patients who have received, 
and those who have not received, a prophylactic injection of antitoxin after having been 
wounded leads to the same conclusion ; in the inoculated this period is 45-5 days, in the 
uninoculatod 10*9 days. In this connection it must he remembered that the passive 
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Immunity conferred by a single injection of antitoxin weiir.s oil ni ai)i>ut a fort night t>r tlireo 
weeks. During this period the patient is unlikely to devi‘Iop h^f.uuts. I>ut ouac this 
is past, he is probably just as susceptible as a person wiio htis never ix'eii inoeulaftal at all. 
Hence if tetanus bacilli are still present in the wound, tht^y are liabh* to givt‘ fim' to disease. 
If all patients had been given repeated doses of antitoxin at intervals t>t ;i W(N*k till tlieir 
wounds healed, it is possible that those late cases ot ttdanus would luivi' btaui greatly 
reduced in number. 

(3) Tetanus developing in persons who have received a prophvlaetir inJ(‘etion appears 
to be less fatal than in uniiioculated persons (Bruce 192(>). lliis is seiai from I'able 172. 

TABLE 172 

Showing the Mortality oe Tetanus in Tnoculatkd and l>NiNo(n’LATFJ) Batiknts. 



No. of Cases. 

Dieci. 

Cube Moitallty 




Per cent. 

Inoculated 

Non-inoculated or unre- 

899 

203 

22-6 

corded 

659 

298 

53-3 


It is interesting to note that the average mortality amongst tins luofulated during the 
war fell far more rapidly than amongst the uninoculated. This can probably aecxiimted 
for by the more regular administration of serum, and by its n‘p(‘a.ted administration 
every 7 days for 4 weeks which was undertaken at the instigation of tlu^ IVdanus (Joni- 
mittee in June, 1917. 

(4) During the war the proportion of cases of local tc) gcuuu’al tdantis rose eonsidtu-ably 
(Bruce 1920) (Table 173). 


TABLE 173 

Showing the Proportion oe Cases oe Local and General Tetanus. 



1 Percentages, 


1914. 

1915. 

loie. 

1917. 

1918. 

General .... 
Local 

98*9 

M 

98-6 

1-4 

87*0 

13-0 

76*6 

23*4 

83-5 

16*5 


This may be in part attributed to the more general and offickmt use of antitoxin pro- 
phylactically, and partly to improved diagnosis of local tetanus. 

Later records of effective antitoxin prophylaxis arc S(janty and can bo conHid(T(‘cl as 
no more than suggestive. Thus Wildcgans (1940) observed^ in tin* ih>lish campaign of 
1939 that the incidence of tetanus among Polish soldi(‘rs, over half of whom had r(»ccived 
no prophylactic antitoxin, was 66 / 10 , 000 , as compared with om, of 3-6/10,000 in the 
German soldiers, the majority of whom had been immunized. 

Therapeutic Injection of Antitoxin. — Whether or not antitoxin is of any value 
in man when given subsequently to the development of tetanus is a question that 
has received no definite answer. The figures collected during the war of 
were ambiguous, and we see no purpose in retailing them ; for their examination 
the reader is referred to Bruce (1915, 1916, 1917a, 1919), Dean (1917), and 

Leishman and Smallman (1917) . Experiments with the smaller animals have shown 
that it is difficult or impossible to interfere with the progress of the disease once 
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the KsymptoiuH luivti nuinihssied themselves, unless enormous doses are given; 
even then ihe issue is tinc(‘rtain. 

On monkeys, ho\v(iV(>r-— cliiefly Macacus rhesus and OaiZiiMa:— Sherrington 
(19L7) oldniiUMi perf.‘ctly unec^uivocal results. Ho injected batches of 25 with 
8 JI.L.D. of toxin into the out.er head of the gastrocnemius muscle. From 47 
to 78 hours later, wliou the. early symjitoms of tetanus had appeared, he injected 
2,000 II.S.A. iinit.s of aittitoxiu per kilo of monkey, giving the serum by different 
routes to the se[iaraie batches. All the control animals receiving no antitoxin 
died ; the mortality tunotigst the inoculated was as follows (Table 174). 

This c.xperinient answau-ed two questions. It showed first of all that anti- 
toxin might bo of cousiderablo tluu-apoutic value; and secondly that the route 
by which it was given was of stiprcmc importance. Whereas antitoxin adminis- 
tered subcutaneously or intramtisctilarly had but little effect, given intrathecally 
it saveti the lives of over half the animals. 


TABLE 171 


Sbrsim by : 

Deaths. 

llecoveries. 

Percentage 

Mortality. 

iSubcutaiictMJH .... 



Per cent. 

23 

2 

92 

hitnuuuHf'uIur rente .... 

22 

3 

88 

Intnivt'ueuH route .... 

18 

7 

72 

Lumbar iat ra.thcenl route . 

11 

14 

44 

Bulbar iutratliccal route. 

7 

13 

35 

(Vn*bral aubdural route . 

10 

0 

100 


It Is (iinit’iilt t<» t‘xpl;,un t!u‘ (HsiT(‘|>{inc‘y h(‘t\vt'(‘n Hherringtou’s experimental results 
and the results in eiiiiienl praet-iee ; hut tuo puiiits may be noticed. Ifkstly the monkeys 
wen‘ inj(‘etfHl with ptire toxin, not with bacilli ; it is doubtful whether the results would 
have Ihmsi se favourable If an u<‘tiv(‘ infection had been set up. Secondly the dose of 
aniitfuxin ustsl was largt* units per kilo of monkey. This corresponds in man to 

i;itUK)b unit.H adininisterisl in a sin<fl(‘ dostx Tt> give this, using a highly potent serum 
cotitaining StM) units per luL, would luavsHitate the injciction of 150 ml. — an amount far 
in excess of that uhieh could la* atinnnisiert'd intratlnecally at one time. The average 
daily dose given in human pra<‘ii(‘t* often liy two or three routes — has been from 1,000 
to units ; iiirg:i'r doses liave not oft(‘ii be(*u employed. If the quantities suggested 

by iSlu'rrington'H work are really necessary -"and experience suggests that smaller doses 
art* iua<h‘tpiate thtm it wtaild seem desiralilo to d(*vote attention to the production of 
more potent antit<jxiit s(‘ra tluin ihost^ whitrli we now possess. 

Firt)r (1940) tditaiiuul Bindlar results to those of Sherrington in dogs given 
MJj.l). of i«c)xin. Intrathecal antitoxin by the cisternal route saved 51 of 70 dogs 
(73 per cent.), by the lumbar route 19 of 30 dogs (63 per cent.), whereas intra- 
venous antitoxin saveti only 5 of 20 dogs (25 per cent.). 

The conclusion from this experimental work (see also Fxiedemann, Hollander 
and Tarlov 1941} finds some support in the experience of clinical observers who 
have succeeded in curing severe tetanus by the use of very large doses of anti- 
serum, sometimes administered by the cisterna magna (see Paterson 1930, O’Carroll 
1931, Beil 1931, Nabarro 1932). Nabarro, for example, injected no fewer than 
633,000 units of antitoxin within the space of 9 days, while Paterson used 
nearly 2 million units. 
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Even more suggestive, however, are the figures re[)orti‘(.l l>y \ oilli {lUfrJ) at the 
J.J. Hospital ill Bombay. Before he took charge, tetanus pat uaif s wt‘re t rt'at imI with 
sedatives, and were given antitoxin intravenously and int.rainus(‘ularl}^ in dos(\s of 
about 20,000 units a day. After taking charge, Yodh eontiinuMl this tnaitment 
for a time, using, however, slightly larger doses of sedatives and staaiin. Later, he 
increased the dose of antitoxin a little nions and injiad-ed part of it by tlu^ lumbar 
intrathecal route. Still dissatisfied with his results, he started giving serum 
intrathecally by the cisterna magna, as well as intravenously, intrainuseularly, and 
subcutaneously around the wound. Usually only one (‘ist.erual injt'ctioii was made, 
20-30 ml. of serum being injected. The total amount of stuaim administered to 
any given patient varied from 40,000 to over 400, 000 units. The results aiT given 
in Table 175. 

The cases were not strictly consecutive. Of a total of 229 eas(\s tnait t‘d by Yodh 
himself, 15 were not given serum treatment for one reason or anot-her, sometimes 
because they were moribund. Since the distribution of tln^se caist's in point of time 
is not stated, it is impossible to know how much allowaiu'e to mak(» on the tlgures 
yielded by the serum-treated patients. The results, however, do suggest very 
strongly that the intrathecal administration of serum by the custmaia magna route 

TABLE 175 

Effect of Route and Dose of Serum Injections in Human Patiunts .suFKKiaNU from 

Tetanus (Yodh 1932). 


Mode of Serum Treatment. 1 

No. ofPutientH. No. died. 

Viihc mortality 
per rent. 

20,000 units per diem by im. and iv, routes . . i 

49 

' 38 

77-0 

30,000-40,000 units for 1st day, 20,000 units 
later, by im. and iv. routes 

80 

; 52 

O.'J'O 

Larger doses of serum by im., iv.j and lumbar 
intrathecal routes 

22 

1 

14 

g:5-o 

Total of 40,000 to 400,000 units by im,, iv,, sc,, 
and cisterna magna routes 

112 

53 

47-3 

im, = intramuscular : iv. ~ intravenous ; sc. 

■■»=! subcutaneous. 



is definitely beneficial. Clinically, some improvement was geiutrally notie.eablc 
within 24 hours of the cisterna injection. 

From Sterxington’s results on monkeys and Yodh’s resultK on liumau iKungs, 
it would appear that intrathecal administration of scrum is more benefudal than 
injection by any other route. Why this should be so. it is difficult to understand. 
On a ‘priori grounds one would expect that antitoxin conveyed by the blood stream 
would come into more intimate contact with the affected nerve cells than when it 
was injected into the cerebrospinal fluid. The superiority of the intrathecal route is, 
however, not yet completely substantiated. Morey and MIdes (1927), for example, 
obtained no better results in the therapeutic treatment of rabbits by the intrathecal 
than by the intravenous _ method. Moreover, Paterson (1930), who treated 26 
consecutive children suffering from tetanus with only 7 deaths, used the intravenous 
and intramuscular routes. It must be noted, however, that Florey and Fildes’ 
experiments were carried out on so few animals that a small advantage possessed by 
the intrathecal route may quite well have been obscured, while Paterson used 
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enormous doses of stmuni, varying; from a total of 120,000 to one of 1,970,000 units. 
Others have stron.irly deprecated tlie intrathecal route on the ground that anti- 
toxin may he a sevt*re irritant*, and that the ensuing inflammatory reaction may 
do more harm than the antibody does good (see, for example, Wainwrio-ht 1926 
Spaeth 1911). 

If we ai'cept the view that tetanus toxin is irrevocably fixed to nervous tissue 
by the time tetanus is ma,iiif(\st, the therapeutic effect of toxin will be limited to 
the neutralization of toxin in the blood, lymph and tissue fluids, and of toxin 
as it is absorbed from the, local lesion. 

The experiments of Abel and others (1938) suggest that, in addition to toxin 
already fixed by the nerve tissut% some will be adsorbed but not “ fixed ” to other 
nerve tissue, and in thest‘ <dreinnsian(‘(‘s can be neutralized by antitoxin. Therapy 
should, therefore, l>e dire(*te(l to maintaining an effective concentration of antitoxin 
in both the cireulat.ion and the central nervous system. Large doses of antitoxin 
have been reconimmubnl. Asitle from their reported success, these have a theo- 
retical jus{ifi<‘ation, for the aidion of toxin on the capillary endothelium seems 
relatively slight, and (‘.onsequeutly does not induce a ready permeability to circu- 
lating antibody. Tlie ])res(mce of high concentrations in the blood may ensure 
that, even with a low degree, of capillary permeability, the antitoxin content of 
extravascular intoxi(‘ated tissue may be raised to a therapeutically effective level. 

SummarizhHj, the <nd<Ienee indiceites that in the therapeutic treatment of 
tetanus large ami nqueittal doses of serum are required. In practice it seems 
advisabh^ to administer tlie scrum by the intramuscular, intravenous, and intra- 
thecal routes. There is (^vuhuiee that injection into the cisterna magna is of more 
benefit than by tiui luml)ar puncture route. 

Active Immunization. 

Since the', demonstration of the antitoxinogenic value of toxoid (formaldehyde- 
treated toxin ; l>esennil>ey 1924) and alum-precipitated toxoid (Bergey 1934:, 
Jones and Moss 1936), th(\se agents have been widely tested in man. Owing to 
the low in<mleru‘c. toiauus in peace-time, the eflicacy of active immunization 
has been for tins most part judgini by the* antitoxin response in the inoculated 
subject, and it is only in tin" last few years that indications of its prophylactic 
value have been obtained. 

Thwt in Iit4Ie doubt tlmt th<* injection of two to three doses of toxoid at properly spaced 
ink^rvalH raiHt‘s tlm antitoxin conitmt of the blood within a few months to the level usually 
obtaiiKHl hy tin* iiijec-tien of a prophylactic dose of antitoxin ,* and there is good reason to 
suppose* that a given blood Icvtfl indicaU*8 a far higher degree of immunity in the actively, 
than in the pusHivcly innmmizcd person. Thus d’Antona and Valcnsin (1937) found that 
actively immunized guiiH‘a-pigH with blood levels of 0-012 to 0-05 A.U. per ml. withstood 
200 M.LJ). of toxin, while passively immunized animals with 0-2 to 0-5 A.U. per ml. 
either died or devc-lopod severe local tetanus (see also SneatJh, Kcrslake and Scruby 1937). 
The diffttnaiec may in part ho due to a better distribution of antitoxin in the actively 
immunizc^d animal ami to the" rapid production of antitoxin in an animal conditioned 
by the previous antigenic stimulus. That the antibody-forming apparatus is conditioned 
in tliis manner is clear from tlie r<"sulte of injecting toxoid some months after the primary 
series of injections. Not only is the antitoxin content raised to higher levels than the 
maxima aehitjved afitw the previous injections, but the levels are maintained for longer 
periods. n*sponse to this secondary, stimulating dose is very striking ; the antitoxin 
content of the blood rises rapidly* and an average titre of over 10 A.U. per ml. is often 
reached —more than lOD times as high as that following the primary series of inoculations. 
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In practice, the interval between the primary and secondary doses is usually 3 ~12 months, 
but there is some evidence (see Regamey 1944) that the n'sponsc* is even alter a 

lapse of 2-3 years. It should be noted that there are great individual vairiat ions in rt'sponse, 
both to the primary and secondary injections (see Raimm and Z(H‘Il(‘r 1933, Sac‘(|U(^peo 
and Jude 1937, Boyd 1938, Marvell and Parish 1940, PriLrg<‘ 1910, Hvans 1941, 1943, 
Peshldn 1941, 1944, Praser et al. 1943). 

It is administratively convenient to mix toxoid with (‘iiterit* vaeeiiu‘s. 1 lie n'sponse 
to toxoid is reported by some to be enhanced by the ]H’t‘staice of vaeenu', by otlnavs to 
be unaffected (see, for example, Maclean and Holt 1940, Regamey 1944, and ('hapter 50). 

Mass immunization is practised mainly in the fighting services. The procedure 
varies to some extent. Boyd (1938), aiming at a minimum level of O’Ol A.U. 
per ml., recommends two doses of 1 ml. of toxoid at an inf-erva! ot G wetlvs, lollowed 
by a stimulating dose 9 months later. In the American Army thiHu^ doses of I ml. 
are given at intervals of three weeks, followed by a fourth close 1 year later or 
before military operations (Long 1943). 

The efficacy of Boyd’s method of immunization was substantiated by the 
absence of tetanus among immunized soldiers of the British Expeditionary Force 
in France 1940. Although a large proportion of them failed to rcuieive a proj)hy- 
lactic dose of antitoxin upon wounding no case occurred in over IG,0b0 acitively 
immunized men, whereas 8 cases occurred in 1,800 men who had not been immunized 
(Bensted 1940). During the years 1940-12 of the Nortli Africuui campaign, the 
incidence of tetanus was 0-13 per 1,000 wounded in the actively imnmnized, 1-G per 
1,000 wounded in the non-immunized (Boyd and MacBenmui 1942). Of the 18 
patients with tetanus in Boyd and MacLennan’s series, only thrc^c winv, known 
to have received the routine pro]3hylactic dose of antitoxin after wounding ; in 
5 there was no record, but the remaining 10 had had none. Tln^. pr<>t(‘ction afforded 
by active immunization was clearly not complete, for 5 (jaHc\s, 3 of them fatal, 
occurred in the immunized group. In one of the fatal cases, the evidence sug- 
gested a poor antibody response to the toxoid. The ]) 0 S 8 ibiIity of a poor response 
to primary injections of toxoid emphasizes the need, not only for a secondary 
stimulating dose during routine immunization, but also for passive immunization 
on wounding. 

It is the practice in the French and American armk‘H to <‘nhatK'C‘ iminimiiv at th(‘ time 
of wounding by a stimulating dose of toxoid. This method has the advantage over 
prophylaxis that toxoid keeps better than antitoxin and is, theaxTons simpha* to use in 
the field, and that it does not lay the foundation of a stTUiii-hyperstaiKitivtaieHS. The 
antibody response to its injection is, however, relatively slow, taking from 2 5 days to 
develop ; and though the average incubation period of tetamiH is about 7 tlayn, th<^ more 
severe infections, in which prophylaxis is of prime importance, d(‘V(4op im a rukj inort^ 
rapidly, before in fact the antitoxin response is manifest. Mor<*over, anidc^ from a natural 
insusceptibility to active immunization that characterizc's a small proportion ()f human 
subjects, the presence of shock, fatigue, cold, and malnutrition in the wounded man may 
inhibit the antibody response. 

Zuger, Greenwald and Gerber (1942) record that imniuniziiftion witli toxoid protected 
a Mgh proportion of guinea-pigs against a lethal dose of tetanus spores givcui several 
months later. When a stimulating dose of toxoid was injected at the time of infection, 
the protection rate was higher but the active immunity achieved was not solid ; some 
of the guinea-pigs developed local tetanus. 

On a priori grounds it might be best to give severely wounded patients combined 
active and passive immunization as soon after receipt of the injury as possible, 
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SO as 1.0 ensure yvotectum a, gainst rapidly f-ital tetanus during the lag phase elapsing 
between the giviiur of tlio secondary stimulating dose of toxoid and the active 
fonnation anlitoxiii. (For eoinbined iniiniiiiization with antitoxin and toxoid, 
see Chapter 50)* 

diie standardizaltion of tetanus toxoid for use in man is based on the antigenic 
response in guinea-pigs. l>ritish regulations for instance require that more than 
9 guinea-pigs must l>i‘. injected with five times the human dose, and that after 
6 weeks, at least two-thirds of the guinea-pigs must contain at least 0-1 A.XJ. per ml. 
of blood serum. 

The Lf va!u(* of a foxt>id preparation is not a reliable guide to its antigenicity (see, 
for example, (Jbaiuy and Stt‘V<‘iis 193H, Lahiri UUO, Koerber 1943, Moloney and Hennessy 
1044). ()n tht‘ grouiai that th(‘ antitoxin l<‘vels in the serum of an immunized guinea-pig 

are not a. full nu'asure of aei i\c immunity, Lsirati, Kicksch and Prigge (1940) recommended 
a protection test, in w liieh tlu' re.si.siaiUH* of immunized and normal animals to a standard 
dos{' of toxin is eoinpnnMl. .Mous(‘ prolccTion tests on these lines have also been devised 
(sec J.ahiri 1912, ( Iretaiht'rg, .Morrell and (Ubbard 1943, Koerher and Mook 1943). 

Tetanus in Animals. 

The natural dist^asi^, attacks liorses more frequently than other animals, and 
is es])C(*ially (mnnnoii in warm and tropical countries. In Northern Europe the 
incidciu'c. is low ; thus in the years 1899-1908 in the Prussian Army the annual 
average of iiorst^s developing the disease was only 0-6 per 1,000 (Hutyxa and 
Marek 1912). 

Tt‘tanus (uvurs less freepnmUy in cattle, sheep and goats, though it is not 
tmeonnnon in e\vt‘s after parturition aud in lambs after docking; it is uncommon 
in the pig aud the dog. 

Infection occurs by c*ont.aniination of wounds of skin, or of raw surfaces ; nails 
in the iioof, castration, tail docking, harness galling, bone fractures, and imper- 
fect treatment of the navel at birth, seem to be responsible for the majority of 
cases. 

Prophyla<d.i<'. iiijecti<m of ainiitoxin is recommended previous to operations on 
the horse. Nocard (see M<diler and Eichhorn 1911) reported that in 2,727 horses 
which were given stwuin after various operations not a single case of tetanus 
developed, wlu^rcas during the same period 259 cases developed in horses that 
wer<j not inoculated (number not stated). As a rule 500 units is sufficient. 
The passive imtnunit^y so cotiveyed lasts longer in the horse than in other 
animals because the serum is homologous, and is therefore excreted more slowly 
(Mohler and Eichhorn 1911). Buxton and Glenny (1921) were able to render 
horses actively immune by 3 injections at intervals of 3 days of a toxin-anti- 
toxin mixture, A month later the animals withstood 2,000 guinea-pig M.L.D. 
of crude toxin. They recommend this method for the immunization of army 
horses {see also Glenny, Ilamp and Stevens 1932), 

Therapeutic injeudam of Berum has not been followed by satisfactory results 
(Moliler and Eichhorn 1911). 
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CHAPTER 78 

GAS GANGRENE; ANAEROBIC INFECTIONS OF ANIMALS 
GAS GANGRENE IN MAN 

In tlie pre-antiseptic days the formation of sloughs, the occurrouoe of massive 
necrosis, and the onset of gangrene, so frequently followed upon any extensive 
operative procedure that they were regarded as more or less iiui vital tie features 
of surgical practice. With the advent of antiseptic surgery, and the consequent 
healing of wounds by first intention, these processes became less and less common, 
tiU eventually even the names by which they were describiMl took on an archaic 
air. It was therefore not unnatural that wlien gas gangnme aiipearcd in the early 
days of the war of 1914-18, many surgeons were confronted with it for tlie first 
time. It was the older surgeons, who had had experience of pro- fast, iwian methods, 
who recognized its true nature, and who pointed out tihe impossibility of prevent- 
ing it by the modern aseptic methods. Nevertheless, thougli the disease was old, 
its study had to be taken up anew. The problems involved were attacko<l with 
such success that by the end of the war gas gangrene had cea.sed to bo of more 
than minor importance. In peace time the disease is imc.ommon, but is ottcasionally 
met with after severe compound fractures, and during the pu(‘r()erium, particularly 
when following illegal abortions (see Hill 193fi). 

In this chapter we can give only an outline of the bacteriological investigation 
of gas gangrene ; for a full description the reader is referred to the monograph 
of Weinberg and Seguin (1918), and to the Report of the Anaerobic Committee 
(see Report 1919). 

Bacteriology.— In 1914 the incidence of gas gangrene among.st the British 
Expeditionary Force amounted to over 12 per cent, of the number wounded ; 
of these 20-25 per cent. died. By 1918, owing to earlier evacuation of the 
wounded, excision of wounds, the employment of an antiseptic technique, and 
other measures, the incidence had fallen to under 1 per cent. (Report 1919). 
Indeed, in the Base Hospitals in 1918, amongst a total of about 25,0()b wounded 
reported on by Bowlby (1919), only 84 patients developed serious or massive gas 
gangrene— an incidence of 0-34 per cent. In the French and German armies the 
incidence appears to have been rather higher. 

Examination of the wound of a man dying of gas gangrene revealed a number 
of organisms, aerobic and anaerobic ; it was uncommon to meet with only one 
species of bacterium. Thus in an examination of 91 cases, Weinberg and S4guin 
(1918) found anaerobes in 24, and anaerobes plus aerobes in 67 ; in only 10 of 
the former group was a single species isolated— monomicrobial infection. The 
diversity of flora was so great that no fewer than 38 different combinations of 
anaerobic bacteria occurred in their 91 cases. To separate these difierent organisms 
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and to csi-iiiiatc tlicir paiticular role in the genesis of the disease was a heavy 
task; the results obtained by the French and English workers, however, agreed 
siimciently wcdl for it, to be possible to state definitely that certain anaerobes, 
alone or in conibinat-ion, wtu’e primarily responsible for gas gangrene (Table 176). ' 


TABLE 176 

The Fkeouenoy of different Anaerobes in Gas GANanENE (Report 1919 ). 



WeinborR and 
S6guin. 

McIntosh. 

McIntosh. 

Henry. 


91 Cases. 

41 Cases. 

62 Cases. 

50 Cases. 

, 01. ivelchii (It perfringena) , 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

t 77 

43-9 

67-3 

80 

, 01. erdematima 

34 

— 

4-0 

10 

' Cl. sporngenea 

27 

36-5 

38-7 

; Ohfallad 

16-5 

— 


6 ' 

1 Cl. aejitirum 

i 

13 

19-5 

16-3 

16 


Numerous oilu^r anaerobic i>acini were also found, such as Cl. histolyticum, 

Cl. aerofaiiduni, Cl putrijicum, Cl hifcnnentans, and Cl tertium. Of the aerobes 

commonly eiKMumteretl the majority consisted of diplo- streptococci and organisms 
belonging to the, Protens; group (Weinberg and Seguin 1918). In 37 of Weinberg 
and Seguiids ceases only one Kpe<at‘s of anaerobe was isolated ; of these 29 were 
Cl. wdchil 5 CL (tdematC^fs, 1 Cl i^epticu7}i, 1 Cl. fallax, and 1 Cl. aerofcetidum. 

Tim suggestion that- e.jich of these organisms was capable by itself of giving rise 
to gas gangrene was borne out by animal experiments. With the possible excep- 
tion of Cl N/KUYii/c/jCN, t hese, five organisms were the only ones that could reproduce 
in animals a disease simulating the condition in man. With regard to Cl sporo- 

ge7ies it is not chuar whetluu* it is pathogimic by itself. The work of the English 

baiJteriologists suggested tliat it played a subsidiary but important rdle in assisting 
Cl. weUhti, 01 a'demtdivn^, ami Cl septicum in their attack on the tissues, but 
that by itself it is liarinh‘SH. On the other hand, Weinberg and Seguin regarded 
it as potentially Ounigh weakly pathogenic. 

From bis simly of wound infection in the British Army campaigns in North 
Africa, 1910 to 1942, MaeLennan (1913, 1944a) recognized three clinical conditions 
assoedated with idostridia, namely, sim})le contamination which occurred at some 
stage in tlie history 20 ^30 ]>er cent, of all the wounds examined, anaerobic 
cellulitis devtdoping in about 5 per cent, of contaminated wounds, and “ clostridial 
myositis/' the true gas gangrene, <l6veloping in about T5 per cent, of wounds 
containing anaerobes, and in about 0-34 per cent, of all wounds. 

The (loHiriilia most frequent in 259 contaminated wounds were Gl. tertium (46-7 per 
cent.), Cl buiyrkum (34*3 per <HH»t.), CL wdchii (23*5 per cent.) and Gl. sporogenes (20*1 
per cent,). Unidentifieti tlostridia wa‘re ]>reBent in 13-2 per cent. ; the incidence of Cl. 
mdemaiimH was 5-K |M‘r cemt., and no (U. septiemn was found. In anaerobic cellulitis, 
chararfct‘rizc*d by foul, sero-puruliuit infection of the depths and crevices of the wound, 
without progrf^ssive invohaanent of musd(% the predominant organisms were proteolytic 
and non-toxigonic elostridia, and GL weMdl In 146 cases of true gas gangrene, the 
pathogemic cdostridia wctc* as folh)ws : €L welcMi (57 per cent.), Cl. cedematiena (37*7 per 
cent.), €1. aepiicum { 20-9 |mt cmt.). Ok kkmi (13d i)or cent.), Cl. Ustohjticum (6-9 per cent.), 
Gl UJermMdm ( 4*8 percent.) and Cl fallax (1*4 percent.). As the fighting moved from 
d^ort to more cultivated country, the incidence of gas gangrene was doubled and the 
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percentage of Cl. welcJiii infection increased. The frequency of the pathog(‘nit‘ clostridia 
when they were present singly in ^vounds was as follows : (^l. irdchii .14 .1 per ct'iit ., (7. 
oedematiens 17T per cent., Cl. septicum 4-S per cent., (I. //es7e/ ?///<’///// and ( 7. bij( nn^nfans, 
each 0-7 per cent. In other cases more than one species was Lso’att'd. Anaerobic' stix'pto- 
cocci (see Chapter 67) were found in 8-8 poT cent, of eases. 

Summing up, we may say that gas gangrene may be caused by a nninlier of 
different anaerobic bacteria, usually clostridia, but sometimes by ana(‘robic strepto- 
cocci. Usually the clostridia are present either in combinalion with i^ach other 
or with aerobic organisms. The three most important anaerobes are C7. welcJiii 
(B. perfringens), Cl. cedematiens, and Cl. sep>tic%im {Yihrion septuiue) ; of less 
importance are CL hifermentans, Cl. fallax, Cl. histohjtmiin, a, ml Cl, sporogenes. 
The presence of pathogenic clostridia in a wound, however, is not necessarily 
indicative of a gas gangrene infection. Most commonly they a])[)ear t.o ])e simple 
contaminants of wounded tissues ; they are frequently associated with ccdlulitis, 
and only infrequently with true gas gangrene. 

Reproduction of Gas Gangrene in Animals. 

The experimental disease caused by GLwehhii, CL nepliciuii, and CL mionafiens 
has already been described in Chapter 36. 

Each of these organisms, it will be remembered, forms tnu‘. exotoxins (Bull 
and Pritchett 1917a, b, Report 1919, Weinberg and Segiiin 1918), whidi appa,renily 
possess haemolytic, leucocidal, and necrotic powers (Kamen 1901, Kis(mberg 
1907, Simonds 1915, Weinberg and Seguin 1918, Report 1919, Weinberg and 
Ginsbouxg 1927). The most potent toxin is formed by Cl. wdemaiivns ; indeed the 
disease associated with this organism partakes more of an intoxication than a true 
infection. 

Mode of Development of Gas Gangrene in Man. 

We have already seen that the injection of a broth culture of CL wdchii or 
Cl. septicum into a guinea-pig will give rise to a disease simulating gas gangrene. 
If, instead of using a whole broth culture, we wash tlie organisms thorouglily to 
free them from toxin, no disease is set up. Likewise, salino suspensions washed 
off an agar slope are non-pathogenic. Large numbers of the bacilli cm be injiKsted 
without giving rise even to a local lesion. But if to the toxin-free bacilli a 
sub-lethal dose of toxin (broth filtrate) is added, the mixture provt^s intensely 
virulent. A protocol from De Kruif and Bollman’s paper (1917) will illustrate 
this point : 

Effect of intramuscular injection into guinea-pigs of — 

1*0 ml. Cl. wdchii broth filtrate . . , . , Survived* 

0*05 ml. washed organisms -f 0*5 ml. sterile broth . * Survived, 

ml. „ „ + 0-5 ml. „ „ . * Died 36 hrs. 

0-000,01 ml. „ „ + 0*5 ml. broth filtrate : . Died 19 hrs. 

It will he seen that a non-lethal dose of filtrate decreased the M.L.D. of the 
washed bacilli several thousand times. 

The broth filtrate contains an aggressin which enables the bacilli to proliferate 
in the tissues. Without this the bacilli are partly lysed by the tissue fluids and 
partly taken up by phagocytes ; with it neither lysis nor phagocytosis occurs, 
hut the organisms divide, produce fresh toxin, and bring about the death of the 
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aiiinial. The a^L^mvssiii is pro]>ably the a-toxin, for its action can be completely 
inliibitiHl ]>y s|UH‘itu^ antitoxin (sec F^tcwart 194,3(2). Of the toxic components in 
culture"illtrat(‘s oi ( L ivvlvliii lype A, antibodies to the a- and 0-toxins and to 
the hyaliironidase (se«‘ I'hapier 41) are present in preparations of antitoxin, and 
of these, only the antitoxin has protective properties (Evans 1943(2, b). In other 
words, the bacalli apart troin their toxin are powerless to overcome the resistance 
of the tissm\s. How Hui brotii filtrate acts is not clear, but since both Cl welchii 
and (7. septinim an^ known to brinjr about in culture a very steep fall in Eh, it 
is possible that, the lilt rat contains reducing substances capable of establishing a 
sufliiaently low O-lt potential to enable the spores to germinate; or that the 
tissues t.heniselves (h^velop a low O-ll potential as a result of intoxication. Once 
germination has startl'd, the organisms probably produce their own reducing 
system, whitdi ena])les them to mnltif)ly even in the presence of healthy tissue. 

Toxin is not the. (.jiily substance, however, that can break down this resistance, 
Bullock ((iye) and Cramer (1919), whose work has been described in the last chapter, 
found that small (|uantities of ionizable calcium salts — notably calcium chloride 
—-exerted a similar katajihylaciic action. Colloidal silicic acid behaved in the 
same manm'r. 

Since the organisnus introduced into a wound are devoid of toxin, being fre- 
quently in the sporing stage, their germination must depend on other factors. 
In the opinion of Bulhjcdc and Cramer the determining factor is some kataphylactic 
substance that is carried into the wound with them. Earth containing calcium 
salts or silicic' aedd is sugge^sted as the probable accessory agent. The work of 
Tildes (1927) and Itussell (1927) renders it highly probable that such substances 
as earth or calcium chloridcMict by causing foci of necrosis, in which the oxidation- 
reduction potcmtial becomes sufficiently reduced to enable the anaerobic bacterial 
spores to germinal, ci (see Chapter 77). Fragments of clothes in the wound also 
appear to ac^t as focn for the germination of spores. The observation of Fildes 
(193b) that in iluid imnlia ccdlulose fibres induce an 0-K potential low enough to 
permit the gcumiination of tetanus spores is clearly relevant in this connection. 

The possi!)le. importance of secondary infection is difficult to assess ; it may 
well lie that higlilj proteolytic organisms such as CL Mstolyticum, Cl. putrificum, 
CL hifermrntnnH, and Pratem vulgaris assist in preparing the way for the gas- 
gangreiH^, baidcria, not only by destroying the tissues, but by lowering the 0-E 
potential to the criiit^al Imad for germination (see Hewitt 1936). Bacteria like 
certain sta[)lijlococc‘i and stre])tocociii, as McClean and Rogers (1944) suggest, may 
promote tlie spnuul of tlu‘, gas-gangrene organisms by releasing hyaluronidase into 
the tissues of the wound. Bimllarly mechanical injury, crushing of the tissues, 
effusion of blood, and fracture of bone may have the same effect. But of the 
precise e fleet of tuudi of tliese agents we are entirely ignorant. 

That aome didermining factor is necessary, however, is shown not only experi- 
mentally in animals, but by the observation in man that CL welchii^ CL septicum and 
Cl G^dematkm may all bo present in a wound without setting up gas gangrene. 

Working with (U. m>kkii Hohertson and Keppie (1941), Keppie and Robertson (1944) 
found that tlie in tniro ot-toxigimic capacity was in general highest in gas-gangrene strains, 
less in tliostt from cases of ‘‘ anaerobic infections,” and least in contaminating wound 
strains, llaa-e weri% nevc'rtheless, marked exceptions, and they considered that almost 
all the strains Ktmiied were capable of inciting gas gangrene in suitable circumstances. 
The toxins of VL wekMi have also been credited with other speoffio actions, especially 
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upon the heart (see Nicholson 1934—5, IvcllaAvay, 4n‘thc\\it‘ and I uria*r luif. the 

relation of results obtained with “acute” ])]iysiol(>uicul c\p('nnuMihs in ihv s\tidrome 
observed in human gas gangrene is not clear. Nor is it know n wh<‘ther th<* y.-toAin owes 
its toxicity to its lecithinase activity (see Chaptc‘r 3{)), though it is t-h'aily possihk* tliat 
the disruption of lipo-protein complexes in the body may have {ar-i*( ‘aching on 

the metabolism of the cells containing thtan. 

‘‘ The disease begins, not when a wound has become inh'.cied with the patho- 
genic anaerobes, hut from the moment when a group of those bacteria have Ikhui 
enabled to surround themselves with a toxin sulheiently concaudrafiul to abolish 
the local defences of the tissues (Report 1919). Once this has occnirred, the 
organisms multiply, produce more toxin, and rapidly invade the tissues. Asiile 
from their aggressive action in the infected tissiu^s, we are largtdy ignorant of 
the mode of action of the various clostridial toxins in nuui. Tlu^ toxin of (7. 
welchii has a deleterious action on the suprarenals, and it is ])art.ly owing to tlic 
consequent lack of adrenalin in the blood that exhaustion and death oceair so 
quickly. This paralysis of the suprarenals is apparently aided by liamiorrhage, 
exposure to cold, and absorption of the substances formed by growth of the bacilli 
in the tissues. 

Diagnosis. 

It cannot be too strongly emphasized that tlic diagnosis of gas gangnme must 
primarily he made upon clinical grounds. As the figures on p. 1771 show, the 
demonstration of one of the pathogenic clostridia in a wound, tuid especially of OL 
welchii, is by itself of little pathognomonic significance. The tfHihniqiu*. of a.na(U‘obic 
bacteriology is at present too laborious and time-consuming to jiermit nuudi in 
the way of confirmatory evidence that will be of value in a disease^ whose incubation 
period may be as short as 4 hours, and is on the average l-“2 days. I )inHit examina- 
tion, however, of the wound material may yield valuable information, espcudally 
for the diagnosis of streptococcal myositis, and should never be omitted (see Memo- 
randum 1943, Hayward 1945). 

McClean and his colleagues (McClean, Rogers and Willianm 1943, aiul Hogers 

1943, 1944) noted the production of large quantities of liyaiuronKbise in the gangrenous 
lesions of guinea-pigs infected with CL xvelchii, CL sepilam and with some strains of 
CL cEdematiens, and devised a simple toclmiquc for its rapid rt‘t‘ognition in woun<l exudates, 
the various hyaluronidases being identified by inhibition with Kpcaiifit* ant i-hyaluroni<las<‘ 
sera. Owing to the frequent presence of hyalunuudast^-pixKlueing AVr. /n/of/eaes and 
Staph, aureus in wounds, antisera against the enzymes of th<‘S(s organisms were ineluded 
in the test. Using this method, MacLennan (19446) obtained only 3 positivt^ r(‘Hults in 
12 cases of proved gas gangrene of man — a result winch has be(‘n attrihuied to deHtrw<*ti<m 
of hyaluronidase by other bacteria in the wound, or its neutralization by mixed antitoxin 
(see below) given prophylacticaUy to the wounded soldier. metlmd is iu>ttnvorihy 

as providing a possible means of making a presumptive bacUTiologi(.‘al diagnosis within 
an hour of examining a wound. 

A full bacteriological examination of a wound should include direct plating, and s<Haling 
into media containing cooked meat, thioglycollio acid (Breaver 1940) or oilier reducing 
substances that promote anaerobic conditions. The cooked meat cultures is piatial at 
intervals to detect the scanty or slow-growing bacilli. The tendency of clostridia to form 
spreading colonies on the surface of solid media may be counteracted by tiie use of nutrient 
gels containing up to 8 per cent, of agar devised by Hayward (Miles and Hayward 1943), 
which permit the ready isolation of pure cultures. After incubation fluid cultures may 
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be heated tt> SO t>. iur 1^0 muiuitcs to destroy non-sporing forms before seeding on to 
plates. ^ By grea tt-r degrtvs oi' heating, species w itli more resistant spores, like CL oedematiens, 
may olttai l»e obtaiiUHl iii pure culture, CL wdlcliii and Cl. bife 7 ' 7 n 6 ntci 7 is may be readily 
recognizcal by th(‘ Nagk'r reaction (see Chapter 34) in primary plate culture on a medium 
containing 20 piu* ecait. human scrum. Xiccithinase activity of these two organisms 
]iroduca\s an opacity in the medium, but none in similar medium containing Cl. welchii 
antitoxin (Hayward 1043). 

Patliogcuiie- ina.y h{‘ wS(*]iarated from non -pathogenic organisms by animal inoculation. 
Moreover the individual species of pathogenic bacteria may be separated by injection 
into proteetod animals. Thus, if a mixture of Cl. welchii. Cl. septicum, and Cl. oedematiens 
is inociilatt^d into a guinea-pig that has received a dose of antiserum prepared against 
th(j lattta* two orga,nisms, then Cl. iveldiii alone will proliferate and invade the blood 
stream, hi tb(‘ ahsiau^e of laboratory animals, serologically controlled tests of specific 
hamiolysin production may he list'd to identify Cl. welchii, CL septicum and CL oedematiens 
(Haywanl 1945). For a full dt'seription of the methods of isolation and purification 
of the anat'rolit'S the readt*r is rt'lerred to Report (1919) and Hayward (1945). 

Blood tailtures during iifo are frequently positive (Weinberg and Seguin 1918). Cl. 
welchii and CL septicum arc especially liable to invade the blood; CL oedematiens, which 
acts ohic^fiy by virtue of its toxin, often remains confined to the local lesion. 

Prophylaxis and Treatment. 

Passive Immunization. — Towards the end of the war of 1914r-18, antitoxic 
and antibactiu'ial sera were prepared against Cl. welchii. Cl. cedematiens and Gl. 
se2)tiam}i. No extensive trial was possible, but the results of prophylaxis in a 
small series of badly wounded soldiers, and of treatment in a number of soldiers 
suffering from gas gangrene, with mixtures of these sera suggested that both 
procedures were beneficial (Weinberg and Seguin 1918, Report 1919). 

In experimental gas gangrene, both antitoxins and antibacterial sera containing 
0 antibody are protective. But since none of the chief gas-gangrene olostridia is 
antigeiiically homogeneous, the efficacy of an antibacterial serum is confined to 
infectio!is with a given serological type (see Robertson and Felix 1930, Henderson 
1934, 1935). It is clearly impracticable to maintain antibacterial sera specific 
for the multiplicity of serological types. On the other hand the toxic antigens 
in culture filtrates of these clostridia, though they vary in the content of different 
components, are to a large extent species-specific, and for routine therapy a mixture 
of antitoxins can therefore be used. 

Several cliilerent methods have been employed in the standardization of anti- 
serum against gas gangrene (see Balling et al. 1928, Buttle and Trevan 1928, Glenny, 
Liewellyn-JoneB, and Mason 1931, Weinberg, Davesne, and Prevot 1932, Bengtson 
1934, Hartley and White 1935, Walbum and Reymann 1935, Ssilanowa 1935, 
Weinberg and Guiilauinie 1938, Ipsen 1939, Ramon 1940, Guillaumie 1941, 1942, 
1943, Nagler 1941, Seal and Stewart 1941). The two chief methods used for titrating 
the antitoxin content are intramuscular or intravenous inoculation of mice, and 
intracutaneous inoculation of guinea-pigs or rabbits, with toxin-antitoxin mixtures. 
Other methods include flocculation tests analogous to the Ramon titration of 
diphtheria antitoxin, and, with OL welchii, neutralization of the lecithinase activity 
of the a-toxin. The in vivo titrations are at present the most reliable, and will 
probably remain so until the significance of the various toxic components in culture 
filtrates is fully understood. The international standards laid down by the 
League of Nations may he briefly defined. 
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as adjuvants to surgery, and in combination with antitoxin (see MacLennan 1943). 
Jeffrey and Thomson (1944) record a striking arrest of clostridial myositis by 
penicillin, but note that in some cases the arrest was followed by a fatal intoxica- 
tion, apparently due to absorption of substances from the retained and degenerating 
muscle. 

Active Immunization.-— Tormol and alum-precipitated toxoids induce in guinea- 
pigs and rabbits protective antitoxic immunity to experimental infection with 
Cl welcMi, Cl. cedematiens and Cl septicum (Penfold and Tolhurst 1937, Penfold 
et al 1941, Kesterman and Vogt 1940, Kolmer 1942, Stewart 1942, Eobertson 
and Keppie 1943). As with other toxoids, a stimulating dose some time after 
the primary injections is necessary for high degrees of immunity. In man, the 
antitoxic response to these toxoids is good (Penfold and Tolhurst 1938, Stewart 
19436) ; but at present there are no data from which the value of prophylactic 
immunization can be estimated. It should be noted that in the guinea-pig, the 
response to a stimulating dose was not demonstrable for 3-10 days (Eobertson 
and Keppie 1943). Immunization of man by means of a stimulating dose at the 
time of wounding is not, therefore, likely to affect the outcome of a disease of 
which the incubation period is commonly less than 2 days. 

Other Clostridial Infections. — Tho active participation of toxigenic clostridia, especially 
of CL welchii, in the severe and sometimes fatal “ toxsemia ” that accompanies acute 
obstruction of the intestine or acute appendicitis has long been a matter of debate. Williams 
(1926) obtained evidence suggesting that the toxsemia was due to the formation of Cl. 
welchii toxin in the lumen of tho obstructed small intestine, and that antitoxin was beneficial 
in the treatment of such cases. Paralytic ileus following acute inflammation in the 
abdominal cavity appeared to have the same effect as mechanical obstruction in the 
genesis of toxsemia ; clostridial infection of the inflamed tissue was not observed. Wein- 
berg (Weinberg et al 19286, Weinberg 1929), however, observed that clostridia could be 
obtained from 30 per cent, of acute lesions of the appendix (subsequent observers have 
recorded higher figures) ; and he tested the effect of antisera prepared against the gas- 
gangrene organisms in the treatment of conditions associated with an anaerobic invasion of 
the tissues (Weinberg and Howard 1927, Weinberg et al. 1928a). At most, it can be said 
that such antisera appear to reduce the casc-fatality rates, especially when used in con- 
junction with surgical treatment (for later references see Priestly and McCormack 1936). 

Bower, Burns and Mengle (1938) induced a fatal peritonitis in dogs by ligation of the 
appendiceal vessels, followed by a purgative dose of castor oil ; Cl. welchii antitoxin 
reduced the mortality, and prolonged the lives of animals that eventually succumbed 
to the infection. Normal horse serum was also protective, but to a lesser extent — an 
effect attributed to the natural antitoxins in the serum. Prophylactic immunization 
with Cl, welchii toxin also reduced the death rate from this experimental disease (Mengle 
et al. 1938). The active participation of Cl. welchii may also be inferred from the fact 
that an antitoxin response is demonstrable in patients with appendicitis. Thus, Bower, 
Mengle and Paxson (1938) found that 22-2 per cent, of patients with acute appendicitis, 
46*6 per cent, of those with active or quiescent pelvic peritonitis, and 69*0 per cent, of 
those with septic peritonitis after perforation, had more than 1 unit of Cl. welchii antitoxin 
per ml. of circulating blood. The corresponding figure in control patients was 0*0 per cent. 
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Blackleg and Gas Gangrene 

Synonyms ; Symptomatic anthrax, quarter-evil, blackquarter. 

French : CJiarbon symjptomatique. German : Rausclihrand. 

Blackleg is a disease attacking cattle, sheep, and less often swine (Meyer 1915). 
It is characterized by the appearance of a crepitant, fluctuating swelling, generally 
on one of the quarters, fohowed rapidly by death. Calves are resistant for the 
first 6 months of life ; they then become susceptible and remain so till about 
2 years of age. The disease is commoner in the summer than in the winter. It 
may follow shearing, docking, parturition, or castration in sheep, but more often 
appears spontaneously. Arloing, Cornevin and Thomas (1881) first showed that 
the disease could be transmitted to cattle by inoculation of infective material 
From the lesions, they isolated an anaerobic spore-bearing bacillus— OL chauvwi. 
The washed bacilli are non-infective, but they can be activated by a small dose of 
broth filtrate, or by substances such as lactic acid, potassium chloride, or sand 
(Nocard and Eoux 1887, Eoux 1888, Leclainche and Vallee 1900). 

The term gas gangrene or malignant cedema is sometimes reserved for anaerobic 
infections of the muscle consequent on trauma. The essential pathology of blackleg 
and gas gangrene appears to be the same, and the distinction between the terms 
seems of doubtful value. 

Blackleg in cattle seems to be generally caused by Cl chauvcei, and in sheep 
by Cl septicum (Heller 1920, Gaiger 1924, Weinberg and Mihailesco 1929), though 
Cl cJiauvcei infections are not uncommonly found — especially if a bacteriological 
examination is made shortly after the death of the animal. Albiston (1937) records 
an outbreak of Cl chauvoei blackleg in sheep, in which the local predisposing factor 
appeared to be a vaccine injected for immunization against enterotoxsemia (see 
below). 

Vaccination has been practised for many years and has been attended by a 
considerable amount of success. Arloing, Cornevin and Thomas used two vaccines 
of difierent virulence ; the first was prepared by exposing the dried juice from a 
blackleg tumour to 100-104° C, for 6 hours ; the second by exposing it to 85-90° C. 
for the same time. Inoculation of cattle was practised subcutaneously on the 
under surface of the tail. Statistics compiled by Cornevin (1895) are given in 
Table 177. 

TABLE 177 


Results oe Vaooiuatioh against Blackleg in Cattle. 




Mortality due to 


No. of Animals 

vaccination. 


Vaccinated. 

Total. 

Per 1,000. 

1893 

6,696 

5 

0-75 

1894 

8,222 

8 

0-97 

1895 first 6 montlis 

6,936 

5 

0-72 


The mortality in the vaccinated animals varied in difierent districts from 0-10 
per 1,000 ; amongst the unvaccinated animals it varied from 20 to 250 per 1,000. 
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Several other vaccines have been employed (Eoux 1888, Nitta 1919, Bailing 1925. 
See also J. comjp. Path. 1895, 8, 166). A formolized broth culture of Cl, chauvoei 
has been recommended (Leclainche and Vallee 1925, McEwen 1926) ; under 
experimental conditions, sheep injected with this vaccine appeared to derive a 
greater degree of immunity against subsequent inoculation with a living culture 
than sheep vaccinated with a non-forinolized broth filtrate. Henderson’s (1932) 
work suggests that the heat-stable 0 antigen is likely to prove a powerful immun- 
izing agent. A high degree of protection against intramuscular injection of living 
cultures is produced in sheep by the subcutaneous inoculation of solutions of the 
heat-stable antigen (Mason 1936). Antitoxins are less effective against the bacterial 
invasion. However, sera for therapeutic use have been prepared against Cl, chauvoei 
and Cl. septicwfi, and their intravenous administration in cases of the fully developed 
disease appears at times to have given favourable results. 

Braxy 

Synonyms : Bradsot = quick plague. 

Braxy is the term used for a disease of sheep occurring mainly in the north- 
western part of Europe. Eecent work has rendered it clear that more than one 
type of disease is called by this name. Eor descriptive purposes we propose to 
reserve the term braxy for the type of disease characterized by inflammation of 
fche fourth stomach, and to refer to the so-called German braxy by the term black 
disease or infectious necrotic hepatitis. 

The classical or northern braxy occurs on the western coast of Norway, in 
Iceland, the Earoe islands, and Scotland. Sheep are most susceptible during 
their first year. The disease breaks out in the late autumn and early winter 
months when the animals descend from the hills to the pastures of the lowlands. 
In Scotland the losses from braxy in some districts may amount to as much as 
35 per cent, of the first year’s sheep (Gaiger 1924). Clinically, in the usual 
acute form of the disease, death occurs before any symptoms have been noticed ; 
in the subacute form there is weakness, followed by coma, dyspnoea, and death. 
The duration of the disease is a matter of a few hours. Post mortem, there is 
severe inflammation of the fourth stomach and duodenum, with oedema and 
haemorrhage — sometimes necrosis — of the mucosa and submucous tissue. The 
peritoneal fluid is often turbid and in excess ; there are degenerative changes in 
the visceral organs, and an acute parenchymatous nephritis. 

The causative organism was described by Nielsen in 1888, who found it in large 
numbers in the stomach wall. It was identified by Gaiger (1922) withOL septicum. 
The mode of infection is obscure ; experimental feeding with pure cultures of 
the bacillus apparently fails to reproduce the disease ; Jensen was successful only 
5 times in 1,545 attempts (Gaiger 1924). Subcutaneous injection produces black- 
leg ; post mortem, lesions may be present in the abomasum simulating those of 
the natural disease (Hamilton 1902, 1906) ; there is no evidence however that 
natural infection occurs by this route. Again we are forced to conclude that some 
accessory factor must be present before the bacillus is able to invade the tissues. 
Experimental work on guinea-pigs by Borthwick (1934) suggests that intestinal 
stasis and exposure of the animal to cold are important factors in determining the 
invasion of the tissues by Cl. septicum. While the feeding of cultures to normal 
guinea-pigs rarely set up infection, inhibition of peristalsis by narcotine, or pre- 
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liminary exposure to cold, resulted in the development of a fatal infection in a 
fairly high proportion of the animals. 

A considerable degree of protection is afforded by the use of Jensen’s sero- 
vaccine. 

Gaiger (1922) obtained promising results by the use of a sterile filtrate of a culture 
of Cl septicum. Of 10,340 hoggs (1st year sheep) vaccinated, 2-39 per cent, died of braxy, 
while among 3,800 control animals the mortality from braxy was 9 per cent, (see Gordon 
1934a). 

Balling (1925, Dalhng et al 1925, 1926) advocated a combined vaccine against 
blackleg and braxy in sheep. He used a culture filtrate of CL chauvcei and a mix- 
ture of CL septicum toxin and antitoxin. During the winter of 1924, 549 sheep 
were inoculated, with a braxy mortahty of 0*36 per cent. ; of 464 unvaccinated 
sheep on the same farms and imder the same conditions 15*5 per cent, died of 
braxy. Satisfactory results were also obtained by Gordon (1934a) using a formo- 
lized whole culture of CL septicum. Preliminary experiments on sheep showed 
this to be superior to Gaiger’s filtrate vaccine, and it was therefore used for further 
trial. Of 3,588 vaccinated hoggs, 73 (0*8 per cent.) died of braxy, while of 1,886 
control animals on the same farms, 158 (8*4 per cent.) died of this disease. The 
vaccine is prepared by adding 0*5 per cent, formol to a 15-hour horse flesh broth 
culture and incubating at 37° C. for 2 days. By this time it should be bacterio- 
logically sterile, and should prove non-toxic when inoculated intravenously into 
mice in a dose of 0*5 ml. Bungal (1932) in Iceland also reported favourable results 
from the use of a formolized whole culture vaccine of CL septicum. Comparison 
with Jensen’s sero-vaccine pelded the following flgures. Of 11,308 sheep given 
the sero-vaccine, the mortality from all causes was 2*44 per cent, whereas of 59,736 
sheep given the formohzed vaccine, it was only 0*84 per cent. 

Black Disease 

Synonyms : Infectious necrotic hepatitis ; German braxy. 

This disease occurs in Australia, particularly Victoria, New South Wales, and 
Tasmania, and in certain parts of Germany, where it is termed braxy. In Germany 
two types are recognized : (1) Meadow braxy, affecting mainly ewes at pasture 
in well- watered valleys ; and (2) Stall braxy, affecting chiefly young castrated 
lambs that are being fattened for market (Miessner, Meyn, and Schoop 1931). 
In Australia the meadow t37pe alone seems to be common. Well-nourished animals 
axe affected. ClimcaUy the course in meadow braxy is usually very acute, and 
the animals are often found dead before suspicion of illness has been aroused, but 
in stall braxy symptoms may be present for 12 hours before death. Examination 
of fresh carcasses reveals the presence of subcutaneous venous engorgement, which 
gives the skin a dark colour — Whence the term black disease — amber-coloured fluid 
in the pericardial and peritoneal cavities, and characteristic necrotic areas in the 
liver. Unlike true braxy the abomasum is slightly or not at all affected, and no 
obvious degenerative changes are present in the visceral organs. The liver lesions 
are most typical of the disease. Greenish bile-stained areas of necrosis, about 
1 cm. in diameter, containing cavities filled with blood clot and immature liver 
flukes, are usually seen in small numbers. In addition to these non-specific foci, 
there are a few characteristic, irregularly circular, necrotic areas, 2-3 cm. in dia- 
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meter, sharply defined, yellowish-white in colour, and surrounded by a wide zone 
of venous congestion. Bacteriologically the liver can be shown to contain large 
anaerobic bacilli, which are refered to by the Germans as Cl gigas, but which appear 
to be identical with, or a variety of, Cl cedematiens. 

The pathogenesis of the disease has been elucidated by Dodd (1918, 1921), 
Albiston (1927), and particularly Turner (1930), who sought for predisposing factors 
which, as Fildes had demonstrated in the case of infections with Cl tetani (Chapter 
77), would increase the reducing intensity of the tissues so as to favour the germina- 
tion of the spores of Cl oedematiens. By a careful series of observations and 
experiments, Turner was able to show that in black disease the necessary conditions 
for growth of the causative organism were found in the necrotic areas produced 
by invasion of the liver with wandering immature liver flukes of the species Fasciola 
hepatica. In these areas the organisms multiplied, and gave rise to a toxin which 
was responsible for the main features of the disease. Many sheep were found 
to be latently infected with the spores of Cl oedematiens, but not until suitable 
necrotic foci were established by invasion with liver flukes did the infection become 
active. 

Consequent on this work Turner prepared a formolized broth vaccine with 
which very satisfactory results were obtained in field trials. The figures showed 
that when two doses were given, the mortality from black disease was reduced on 
an average by about half, as compared with control animals on the same farm. 
Even more favourable results attended the use of three doses of vaccine. 

Vaccination of over 270,000 sheep in Victoria, Australia, during the years 
1933-36 was accompanied by a reduction in the annual mortality due to black 
disease from 4-15 per cent, to 0-02-0*05 per cent. (Wardle 1936 ; see also Eose 
1936). According to Oxer (1937) alum-precipitated vaccine is a more efficient 
immunizing antigen. 

Osteomyelitis of Buffaloes. — The buffaloes of the Dutch East Indies suffer from a 
non-fatal osteomyelitis, which particularly affects the humerus and femur. The causative 
organism is indistinguishable from Cl gigas, except that it is non-pathogenic to laboratory 
animals. The pathogenesis of the disease is obscure ; and inoculation of the buffalo 
with the organism is not followed by osteomyelitis (Kraneveld 1930, Kjraneveld and 
Djaenoedin 1933). 

Infections due to CL welchii : Lamb dysentery ; “ Struck ’’ ; infectious entero- 
toxaemia ; pulpy kidney disease 

A number of acute toxeemic diseases have been described in different parts of 
the world, mostly affecting sheep, in which the lesions appear to result from an 
intestinal infection with a variety of Cl welchii. The pathogenesis of these diseases 
is to a large extent obscure, but considerable progress has been made in their 
control by vaccination and serotherapy. 

Lamb dysentery is a disease that takes a heavy toU of life among the lambs 
during their first 2 weeks of life (Gaiger and Dalling 1921). It is particularly pre- 
valent in the border counties of England and Scotland. Pathologically it is charac- 
terized by an enteritis varying from a mild congestion of the intestinal mucosa 
to a condition in which extensive tracts of the small and large intestine become 
necrosed and ulcerated. On the surface of the inflamed mucosa and ulcerated 
areas a bacillus is found closely allied to Cl welchii, but differing from it in certain 
cultural particulars and in its production of a more powerful toxin (Dalling et al. 
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1925, Balling 19286, 1931-32). TMs organism is sometimes referred to as the lamb 
dysentery bacillus, and sometimes as the ctgfii variety of Cl. welcliii. It is at 
present probably better to call it Cl. welcliii Type B (see Chapter 36). The organ- 
isms are confined mainly to the intestine, and the body tissues are not usually 
invaded. Dysentery associated with Cl. welcliii Type B has also been reported 
in foals (Mason and Eobinson 1938). 

Protection against the disease can be afforded in one of two ways : (1) the 
pregnant ewe may be immunized with an over-neutralized toxin-antitoxin mixture, 
or with a simple formolized culture. Both of these methods of inoculation appear 
to give satisfactory results. Thus in one field experiment, the mortality from 
iamb dysentery amongst 741 lambs born of ewes inoculated with the toxin-anti- 
toxin mixture was 1-07 per cent. ; amongst 1,157 lambs born of ewes inoculated 
with a formolized culture it was 1-12 per cent. ; while amongst 2,530 control lambs 
born of uninoculated ewes on the same farms it was 13*09 per cent. (Balling 19286. 
For further records see Balling 1926, Balling, Mason, and Gordon 1928, 1929). 
The antibodies generated in the ewe by this method are transferred to the new-born 
lamb by means of the colostrum (Balling 1928a, Mason, Balling, and Gordon 1930). 
(2) The new-born lamb may be injected directly with antitoxin. This method 
likewise gives satisfactory results. Thus on 15 farms in 1927 the mortality from 
lamb dysentery amongst 1,122 lambs injected with serum was 0*44 per cent., 
while amongst 1,241 control lambs on the same farms it was 17*16 per cent. 
(Balling 19286). 

“ Struck ’’ is the local name given to a disease of sheep occurring during the 
late winter and spring months on the Eomney Marsh in Kent. Clinically the 
symptoms are of short duration, and the case mortality is high. In fresh carcasses 
the main lesions are those of an acute enteritis and peritonitis, but in animals 
that have been dead for some hours the subcutaneous and muscular tissues present 
a picture similar to that found in gas gangrene. The work of McEwen (1930) 
and McEwen and Eoberts (1931) seems to show that the disease is essentially 
a toxaemia consequent on the multiplication in the intestinal canal, and perhaps 
the body tissues, of an organism resembling Gl. welcliii. The name Cl. paludis has 
been suggested for it, but until we know more of the relationship between this 
organism and other closely allied members of the welcliii type it is probably better 
to refer to it as Cl. welcliii Type C. Vaccination with toxoid is apparently of value 
in protecting against the disease (McEwen 1935). 

Infectious enterotoxsemia is a disease of sheep described by Bennetts (1932) 
in Western Australia, and apparently due to the absorption of toxin from the small 
intestine. The organism, for which the name Cl. ovitoxicum has been suggested, 
appears to be more or less identical with Wilsdon’s (1931, 1933) Cl: welcliii Type B, 
and is better referred to by this name. The same organism appears to be respon- 
sible for the condition known as pulpy kidney disease of lambs, which has been 
studied in New Zealand by Gill (1932) and in Wales by Montgomerie and Balling 
(1933) and Montgomerie and Eowlands (1933, 1934). Immunization of sheep 
with a formol-treated culture, which presumably contains both bacterial and 
exotoxin antigens, appears to lower the incidence of infectious enterotoxsemia 
(Bennetts 1936, Eose 1936). Beath from pulpy kidney is commonest in 3—6-week- 
old lambs, so that active immunization of the new-born lamb is unlikely to be 
successful. Protection is achieved by the vaccination of the pregnant ewe, the 
lambs rapidly acquiring a passive immunity by ingestion of the maternal antitoxin 
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present in the colostrum (Oxer 1936, Dayus 1938). Gordon (19346), who examined 
filtrates of intestinal contents from lambs, sheep, and horses that had apparently 
died of acute toxaemia, was able to demonstrate the presence of a toxin neutralizable 
by an antitoxin to Cl. welchii Type I). His work suggests that this organism may 
play a part in a number of diseases of sheep, lambs, and perhaps horses. 

The conditions governing the formation of a toxin in most of the diseases that 
we have been discussing are still obscure, and there is a considerable field open for 
an investigation of the type so successfully undertaken by Turner (1930) in black 
disease. It is interesting to reflect that whereas anaerobic infections in man and the 
carnivora are generally preceded by trauma, in herbivora they often occur spontane- 
ously (Heller 1920). 

The genesis of enterotoxsemia affords an illustration of the complexity of the 
problem. The main clinical and pathological findings in this disease appear to 
be the result of intoxication by the s-toxin (Nicholson 1934-35, Kellaway, Trethewie 
and Turner 1940, Gordon et al. 1940). In 1935 Bosworth and Glover observed 
that the lethal power of the toxin of Cl. welchii Tjrpe B, but not of Types A, B 
or 0, was increased when added to an intestinal filtrate of a normal sheep, guinea- 
pig or rabbit. But in spite of the increase, exactly the same amount of antitoxin 
was required to neutralize the toxin, whether it was free or mixed with the intestinal 
filtrate. These workers suggested that the toxin might form a highly toxic complex 
with the intestinal tryptic ferments, possessing some of the properties of histamine. 

• More recently Turner and Eodwell (1943) have reported that all kin ds of proteol 3 rfcic 
enzymes, including those of Cl. welchii itself, can activate ’’ the e-toxin ; they 
postulate an e-prototoxin which may be converted by any of these enzymes into 
e-toxin. As regards the conditions for toxin formation in the gut, Eoberts (1938) 
concluded from in vitro and in vivo experiments that in milk-fed lambs, the acidity 
of the abomasum contents normally prevented any proliferation of Cl. welchii. 
If infective material is present after the ingestion of an abnormally, large feed, 
the acidity is depressed by the casein in the feed, and Cl. welchii Type D may 
proliferate, producing a toxin which is activated in the small intestine. 

The source of infection is presumably 01. welchii Type B in the soil, though it 
is found there only occasionally, Type A or non-toxic Cl. welchii being the pre- 
dominating varieties (see Taylor and Gordon 1940). However, it is known that 
Type B strains readily lose their power to produce e-toxin on subculture (Borthwick 
1937), and it is possible that many of the Type A strains found in soils and the 
intestinal content of animals may be degraded Type B strains. 

(For an account of the anaerobic toxaemias of animals, see Woodruff 1936.) 

For botulism in animals see Chapter 72. 
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CHAPTEE 79 


MISCELLAI^EOUS DISEASES 

NECROBACILLOSIS, OZJINA, RHINOSOLEROMA, GRANULOMA VENEREUM, 

SORT CHANCRE, GLANDULAR EEVER, INEEOTIVE HEPATITIS, 

BARTONELLA INFECTIONS, AND VARIOUS OTHER DISEASES 

NEGROBAGILLOSIS 

This term may be used to cover a wide variety of lesions in man and animals 
due to infection with the non-sporing anaerobic bacillus known as Fusiformis 
necrophorus (see Chapter 18). 

In man, infections by organisms of the F. mcrophorus group, which includes 
those strains named B. furduUfomis, seem to be rare. This may result from 
failure to submit all material from purulent infections to routine anaerobic culti- 
vation. Holicky (1940), for example, records that Gram-negative, anaerobic 
non-sporing rods and fusiform bacilli were obtained, sometimes in pure culture, 
from about 2 per cent, of over 5,000 specimens from infected patients in a surgical 
clinic. Judging from the species-frequency observed in human infections, it is 
probable that the majority of the strains isolated were of F. neerophorus type. 

The disease may take the form of purulent or gangrenous inflammation of the 
skin (see Shaw 1933). The mode of infection is not always clear, but a number 
of cases have followed bites or injuries from the teeth of animals. More com- 
monly it occurs as a deep-seated infection, with purulent abscesses in the abdominal 
cavity, liver or lung, many of which appear to be the result of a pyaemia. It 
often complicates operations on appendix abscesses or other septic lesions of the 
lower gut. The case mortality among patients with well-established infection 
is over 50 per cent. The infecting organism is presumably derived from the 
alimentary tract, though F. necropJioriis has seldom been isolated from normal 
stools. In some instances, however, Fusiformis strains from infective lesions in 
man resemble those found in normal tissues. Thus, Spaulding and Eettger (1937) 
demonstrated cultural and serological similarities between strains from the normal 
and from the infected mouth and vagina, and from lung abscesses. What relation 
the disease has to Vincent’s angina (see Chapter 80), and to the various necrotic 
stomatitis conditions in which the closely related organism Fusiformis fusiformis 
seems to play a part, is not clear. 

It is impracticable to review the types of human infection that have been reported, 
but we may note the following. Puerperal sepsis (Harris and Brown 1927, Delbove and 
Reynes 1941 ) ; abdominal, hepatic or lung abscesses (Cunningham 1930, Cohen 1932, 
Thompson and Beaver 1931, Shaw and Bigger 1934, Beaver, Henthome and Macy 1934, 
Henthome, Thompson and Beaver 1936, Lemierre 1936, Dixon and Deuterman 1937, 
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Brunner 1937, Buhler, Seely and Dixon 1942) ; Cliandler and Breais (1941) record a 
case of femoral osteomyelitis, Forbes and Goligher (1944) a generalized pysemia following 

a war- wound infection. 

Among otker fusiform bacilli F, fmgilis produces infections in man similar to 
those of F. necrophorus (Thompson and Beaver 1931, Henthorne, Thompson and 
Beaver 1936). F. ramosus (Lemierre, Keilly and Bloch-Michel 1937) and F. melani- 
nogenicus (Oliver and Wherry 1921, Burdon 1928, Weiss 1943) are associated with 
less severe infections, apparently originating, like F, necropJiorus infections, from 
the respiratory or genital tract ; and though they are sometimes found in the 
blood stream their power to initiate infection in healthy tissue appears to be 
limited. 

Back and his colleagues have studied the relation of F. necTophorus to ulcerative 
colitis. They find that the flora of the ulcerated colon differs from that of the 
normal colon in consisting of anaerobic organisms, with F. necrophorus predomin- 
ating during periods of exacerbation of the disease, and disappearing during periods 
of quiescence. The organism is not found in the normal colon. Its causal role 
in the disease is not clear, but material from human lesions is said to induce necrotic 
lesions in the colon of monkeys. Moreover, agglutinins for F. necrophorus are 
present in the serum of patients with ulcerative colitis, but not in sera from normal 
persons (Back, Heinz and Bragstedt 1935, Back, Bragstedt and Heinz 1936, 1937, 
Back et al, 1938, Back et al. 1939a). These facts, as Back points out, do not 
establish F. necrophorus as the cause of ulcerative colitis, but indicate that it at 
least plays a part as a secondary invader of the lesions. It is noteworthy that 
sulphanilamide has been found to have a beneficial effect in experimental lesions 
produced by F. necrophorus in rabbits (Hemmens and Back 1939), but not to affect 
the course of ulcerative colitis in man (Back et al. 19396). 

In animals, necrobacillosis takes the form of calf diphtheria, necrotic stomatitis 
of cattle, foot-rot of sheep, gangrenous dermatitis of horses and mules, hepatic 
necrosis of cattle, pigs, and sheep, labial necrosis of rabbits, and a number of other 
conditions (see Beveridge 1934). 

In calf diphtheria, which was studied by Loeffler (1884), a false membrane stretches 
from the throat down into the trachea ; the superficial parts are caseous and friable, the 
deeper parts firmly adherent. Microscopically the membrane consists of a superficial 
layer containing large numbers of micrococci ; a middle layer, amorphous and unstained ; 
and a deep layer containing granular detritus with some cells and the characteristic long 
wavy rows of bacilli ; these are separated by a narrow unstained zone from a dense 
infiltration of cells. The lungs contain pneumonic foci, in which much the same micro- 
scopical picture is evident. A similar disease to calf diphtheria is said to occur in lambs. 

Foot-rot of sheep is usually regarded as due to Fusiformis necrophorus, but Beveridge 
(1935, 1938) in Australia has cast doubt on this. He finds that neither Fusiformis necro- 
phorus nor Treponema penorthum, which can be seen microscopically in smears from the 
lesions, are able, alone or together, to set up the disease in healthy sheep. On the other 
hand, a long, anaerobic. Gram-negative, non-sporing rod having knob-like ends, which 
was present in smears in only small numbers, was cultivated in a medium containing 
25 per cent .of serum, and when applied in pure culture, or better still with Trep. penorthum, 
gave rise to typical foot-rot in healthy adult Merino sheep. Beveridge, who refers to this 
organism as “ organism H,” thinks that it belongs to the Bacteroides group, but from the 
description he gives it seems more probable that it is a species of Fusiformis. Working 
with scrapings from lesions, not with pure cultures, Beveridge found that the infecting 
agent, as judged by its ability to cause foot-rot in healthy sheep when applied to the 
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scarified area between the digits, might survive for a few days in mud or in sheep fseces, 
but never for as long as 3 weeks. On the other hand, it could persist for over 3 years 
in ] esions of chronically infected sheep, and for as long as 7 months in superficial skin 
lesions between the digits. Sheep, however, that had recovered from the disease for a 
month or more appeared to be no longer infective. Since the causal agent does not survive 
for more than a short time under saprophytic conditions, it should be possible to free 
pastures from infection by removal, preferably during the summer, of all infected sheep. 

Labial necrosis of rabbits is characterized by a dark bluish-red discoloration of the 
under lip, accompanied by a tender swelling. The infiltration passes gradually down 
the under surface of the mouth and front of the neck, and in about 8 days reaches the 
upper opening of the thorax. Constitutional symptoms de ^elop about the 5th day ; a 
thin watery discharge comes from the nose ; the respirations increase in rate ; the tem- 
perature rises 1-1-5° C. and the animals die in an emaciated condition with marked 
dyspnoea. Post mortem, section shows that the under lip is converted into a yellowish- 
white, compact, bacon- lilie, necrotic mass, which in places extends to the bone ; around 
the necrotic mass is a reddish-black border. The cervical glands are greatly swollen, 
juicy, and greyish-red ; sometimes they show small caseous foci. There is bloody, 
slightly turbid fluid in the pleural and pericardial cavities with some fibrin deposit on 
the surrounding serous membranes. A few pneumonic areas may be seen in the lungs, 
with yellowish-white streaks passing from the pleura into the dark red pulmonary tissue. 
The spleen and other viscera appear normal. The disease was first described by Schmorl 
(1891), who observed an epidemic among his laboratory rabbits. 

The diagnosis of necrobacillosis is made by morphological and cultural methods. 
In the lesions the organisms appear mostly as Gram-negative wavy non-branching 
filaments lying parallel to one another. Attempts to isolate them may be made 
directly by the inoculation of serum agar shake cultures, or by streaking plates of 
blood or potato extract agar containing 1/10,000-1/20,000 gentian violet and 
incubating anaerobically (Slanetz and Bettger 1933). In view of the extreme 
oxygen sensitivity reported in some species of Fusiformis, surface plates should 
be subcultured as soon as possible after removal from the anaerobic atmosphere. 
The incorporation in the plate media of reducing substances like thioglycollic 
acid, which prolongs the life of colonies of oxygen-sensitive clostridia when exposed 
to air (N. J. Hayward pers. comm.), may prove to be similarly effective with 
colonies of Fusiformis, As an alternative method of diagnosis, a tissue suspension 
may be inoculated subcutaneously into rabbits, and cultures made from the blood 
a few hours before death (Scrivner and Lee 1934). The agglutination reaction 
does not provide a reliable index of infection in animals. Apart from fallacies 
due to the instability of suspensions of some strains of Fusiformis bacilli, titres of 
up to 1 : 800 are found in the blood of normal adult horses, cattle, sheep and swine 
(Feldman, Hester and Wherry 1936). 


OZMNA 

Ozaena is a disease characterized by atrophy of the nasal mucosa, and the secre- 
tion of muco-pus, which dries into greenish-yellow crusts with a peculiarly foul 
and penetrating odour. It starts generally in childhood or adolescence, and per- 
sists throughout life. Though a great many workers have studied the disease, 
its aetiology still remains doubtful ; indeed, it is not clear whether it is an infective 
disease at all. For a long time there were, among those who supported the in- 
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fective theory, two rival schools : one, following Loewenberg (1894) and Abel 
(1896), maintained that the disease was caused by the B. mucosus ozcence — a 
member of the group of Gram-negative capsulated bacilli (see Chapter 28) ; the other 
maintained that the primary cause was Perez’s bacillus (Perez 1899, 1901, 1913) 
(see Chapter 19). A fact in favour of the former group was the isolation of the 
Loewenberg- Abel bacillus from nearly every case of the disease ; in favour of 
the latter group was the reproduction of a chronic rhinitis by intravenous injection 
of Perez’s bacillus into rabbits. 

We do not propose to discuss the evidence for and against the claims of these 
rival schools ; it is sufl&cient to point out that most of the early workers entirely 
underestimated the difficulty of establishing the setiological role of any organism 
isolated from such a situation as the nose. And since diseases such as ozsena 
and rhinoscleroma have not yet been reproduced with certainty in animals, it is 
impossible to make out a strong enough case in favour of any one organism to 
warrant belief in its specific setiological role. 

At the present day few workers would care to dogmatize about the causation 
of ozsena. The general trend of opinion is that the grganisms described by Loewen- 
berg, Perez, and others arc merely secondary invaders, which are able to multiply 
abundantly in the altered conditions accompanying an atrophic rhinitis. (For 
further references see Fricke 1896, Page 1912, Hofer 1913a, h, Ward 1916, 1917, 
Shiga 1922, Busson 1923, Blanc and Pangalos 1925, Olinescu and Atineu 1925.) 


RHINOSCLEROMA 

Bhinoscleroma is a disease of the nose and upper part of the respiratory 
tract, characterized by proliferative lesions of the infective granuloma type. It 
is confined to man, and occurs endcmically in Eastern Europe and sporadically 
elsewhere. Most of the reported cases have occurred in Slavs. It would appear 
to be either non-contagious or only slightly contagious (Perkins 1907). It has 
not been transmitted to animals. 

Bacteriologically rhinoscleroma stands in much the same position as ozaena. 
In 1882 von Frisch cultivated a member of the group of capsulated bacilli from the 
lesions ; he called it B, rJiinoscleromatis. By injecting cultures into the sub- 
mucous tissue of the nasal septum, he produced in rats a small tumour, which 
contained the organisms (Galli-Yalerio 1911). Though Frisch and his followers 
regarded the disease as caused by this bacillus, there is very little evidence to 
show that this organism is primarily responsible for it. There is no means by 
which it can be distinguished with certainty from other members of the capsu- 
lated group ; and since we know that members of this group may be present in 
the nose of healthy persons, it is difficult to prove that they play any part in the 
production of rhinoscleroma. The probability is that they are mere secondary 
invaders, which grow freely in the nose of patients suSering from the disease. 

TomaMek (1925), Quast (1926), and Kouwcnaar, Maasland, and Wolff (1934) 
state that the majority of cases give a positive complement-fixation reaction with 
a suitable antigen prepared from the rhinoscleroma bacillus, whereas control cases 
of ozsena and other respiratory diseases fail to do so. The test appears to be of 
some value in epidemiological survey work. 
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ghanuloma venereum 

Synonym : Granuloma inguinale 

This disease, which is not to be confused with lymphogranuloma inguinale 
(see p. 1869), is a venereal disease characterized by a slowly progressive ulceration 
of the tissues in the genital region. It is widespread in the tropics. Both sexes 
are attacked. The incubation period varies from a few days to 2 or 3 months. 
Spontaneous cure is uncommon, but the infection is susceptible to treatment with 
antimony. 

Many years ago Donovan (1905) described the constant presence in smears 
from the ulcerated lesions of characteristic intracellular bodies, which he regarded 
as parasites, and which now usually bear his name. They are often contained 
in giant mononuclear cells. They resemble bacilli of the Friedlander group, are 
Gram-negative and are surrounded by a well-defined capsule, which can be demon- 
strated by Wright’s stain. Non-capsulated forms, however, are also present. 
In spite of several claims to have cultivated the causative organism, the precise 
agent responsible for this disease remained obscure till Anderson, DeMonbreun 
and Goodpasture (1945) succeeded in cultivating it in the yolk sac of the developing 
chick embryo. The organism will not grow on ordinary media nor on the chorio- 
allantoic membrane. It requires some substance present in the yolk of a fertile 
egg for its nutrition. After a little adaptation it will grow in yolk removed from 
the embryo and transferred to a test-tube. Yolk from embryos in the early stages 
of development (4-8 days) is better than that taken later (12-14 days). The 
growth-supporting substance in yolk withstands heating at 60° C. for 30 minutes. 
In cultures the organism is moderately pleomorphic, capsulated and uncapsulated 
forms, long bipolar-stained bacilli, safety-pin forms, and short chains of irregularly 
stained rods being met with. In sealed test-tubes, cultures may remain viable 
for 4 or 5 weeks at 25° C. Injection of cultures into a variety of animals, including 
monkeys, fails to set up progressive disease. Anderson and her colleagues there- 
fore conclude that the causative organism of granuloma venereum is a specific 
human bacterial parasite having — so far as is known at present — unique growth 
requirements, and they suggest for it the name Donovania granulomatis. 

In a further paper, Anderson, Goodpasture and DeMonbreun (1945) describe 
the preparation from chick embryo yolk cultures of a washed bacterial suspension 
which gives rise, on intradermal injection into patients suffering from the disease, 
to a red oedematous reaction reaching its height in 24 hours and disappearing 
within another 2 days. They were also able to extract with weak alkali a mucoid 
material, probably of capsular origin, which gave specific precipitin and complement- 
fixation reactions with the sera of granuloma patients. These results leave little 
doubt that the true causative organism of this disease has been discovered, and 
they open the way to a biochemical study of the essential food requirements of 
this interesting bacterial parasite. 


SOFT CHANCRE OR ULCUS MOLLE 

Soft chancre is a non-syphilitic lesion of the external genitals and neighbour- 
ing regions due to infection with Haemojphilus ducreyi, a small Gram-negative 
bacillus first described by Ducrey (1889), and generally known by his name. For 
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the differential diagnosis of this disease from syphilis by clinical methods, textbooks 
on venereal diseases must be consulted. 

There appears to be little doubt that Ducrey’s bacillus is responsible for soft 
chancre, and for the buboes which are sometimes associated with the primary 
lesion. Tomasczewski (1903) was successful in reproducing the disease in human 
subjects with pure cultures. Ulcerative lesions have likewise followed the inocu- 
lation of monkeys and rabbits with cultures several generations removed from 
primary isolation (Eeenstierna 1921, NicoUe, 1923). In the diagnosis of the 
disease, microscopical and cultural examinations should be made in the way 
already indicated in Chapter 33. An intradermal reaction has been described, 
and is said to give a high percentage of positive results in infected subjects 
(Reenstierna 1923, Cole and Levin 1935). The growth from a blood-agar culture 
is washed off in 0-5 per cent, phenolized saline, and kept in the ice-chest till it 
is completely sterile. Ror the test, 0-2 ml. of the suspension is inoculated into 
the skin. A positive reaction is characterized by the development of a large cir- 
cular papule with an inflamed border, reaching its maximum in about 48 hours. 
Care, however, is required in the interpretation of the reaction, since patients 
who are suffering from lymphogranuloma inguinale may react to the Ducrey 
antigen, and patients who are suffering from chancroid may react to the Frei 
test for lymphogranuloma inguinale, A positive reaction, therefore, to one of 
these tests only is of more diagnostic value than a reaction to both (Greenblatt 
and Sanderson 1937, Dulaney, 1937). 

Yaccine treatment, and treatment with an antiserum prepared by the inocu- 
lation of rams, have been stated to yield satisfactory results (Reenstierna 1923, 
Mcolle and Durand 1924, Hababou-Sala 1925, Watanabe 1939). 

GLANDULAR FEVER 
Synonym : Infectious Mononucleosis 

Glandular fever is a disease of human beings that was first described by 
Pfeiffer in 1889. Tiirk (1907) recognized the peculiar lymphoid blood picture, 
and Sprunt and Evans (1920) suggested the alternative name of infectious mono- 
nucleosis. It is an acute infectious disease characterized by fever, enlargement of 
the lymphatic nodes and spleen, angina, and changes in the lymphocytic cells 
of the blood. Acute abdominal symptoms, follicular conjunctivitis, jaundice, and 
a rash, usually of the rubella type, are sometimes observed. The duration of 
the disease is variable. Relapses are not infrequent ; but fatal cases are rare. 
No fewer than five different clinical types of the disease have been described by 
Baldridge, Rohner and Hansmann (1926). Tidy (1934) divides it into three 
clinical types according to whether the glandular enlargement, the sore throat, 
or the fever predominates. Abortive and ambulant cases are very common. 
Children and young adults are mainly attacked. The incubation period is about 
7 to 12 days, but may be as long as 21 days. The disease is contagious and may 
occur in epidemic form (see Tidy and Morley 1921, Tidy and Daniel 1923) ; but 
the infectivity of sporadic cases is said to be low (Glanzmann 1930). 

The cause of the disease is still open to doubt. Schmidt and Nyfeldt (1938) 
described five cases of infectious mononucleosis accompanied by meningo-encepha- 
litis, and found Erysipelothrix monocytogenes (Listerella) in the blood or cerebrospinal 
fluid of four of them. Pons and Julianelle (1939) also isolated the same organism 
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from the blood of a patient, and Webb (1943) records a similar finding. With 
few exceptions, however, subsequent workers have failed to confirm these observa- 
tions. Wising (1942), in particular, made a very careful study of 27 typical cases 
of the disease, but neither from the blood in the acute febrile stage nor from excised 
lymph nodes was he able to cultivate this organism. Convalescents from glandular 
fever contained no agglutinins in their blood to Ery. monocytogenes. Inoculation 
of killed Efy. monocytogenes into human volunteers did not give rise to a Paul- 
Bunnell reaction (see below) ; and inoculation of the living organisms into monkeys 
led to a rapidly fatal septic infection accompanied by suppurative meningitis and 
encephalitis, which was unlike typical glandular fever in man. 

On the other hand, evidence is accumulating to suggest that the disease is 
caused by a filtrable virus having a predilection for lymphatic tissue. Van den 
Berghe and Liessens (1939a, h) and van den Berghe, Liessens and Kovacs (1939) 
were able to produce a circulating monocytosis in a monkey by intramuscular 
inoculation of 4 ml. of oxalated blood from a child suffering from glandular fever, 
and to reproduce a similar result in a second monkey inoculated with blood from 
the first monkey after it had been hsemolysed and filtered through a Seitz EK disc. 
The virus was grown in tissue culture, and still proved capable after ten generations 
of causing a monocytosis in monkeys. Mice inoculated intracerebrally proved insus- 
ceptible. Nettlesidp (1942) described the production of pearl-grey nodules with 
heavy monocytic cell infiltration in the chorio-allantoic membrane of chick embryos 
inoculated with Berkefeld filtrates of nasal washings or with whole blood of glandular 
fever patients. Wising (1942), failed to reproduce the disease in rabbits inoculated 
intravenously with heparinized blood of febrile patients, but had some success 
with monkeys. Of seven Macacus or Gercopithecus monkeys inoculated intra- 
cerebrally, intraperitoneally, or subcutaneously with fresh lymph node suspensions 
from patients in the acute stage of the disease, three developed mild clinical 
symptoms with general enlargement of the lymph nodes, coming on after 8, 17 
and 19 days respectively. There was also a slight monocytosis. These changes 
were reproduced in fresh monkeys by inoculation of excised lymph nodes ; 2, 3 
and 5 passages were made successfully with the three different strains. Histo- 
logical examination of the nodes revealed the typical irregular pleomorphic and 
large-celled hyperplasia seen in man. Of six hiunan volunteers inoculated with 
heparinized blood or plasma from patients in the acute stage, five remained well. 
The sixth, who had received 250 ml. of blood, developed typical glandular fever 
18 days later. 

These results are by no means conclusive. It may be that, as Schultz (1930) 
and Horing (1933) think, glandular fever is a name covering two or three different 
diseases. One of these, probably the commonest type, may be caused by a virus ; 
another, probably much less common, may follow infection with ErysipelotJirix 
monocytogenes. Further investigations, however, are required to establish this 
thesis. 

Laboratory diagnosis is made by cytological examination of the blood and by 
the Paul-Bunnell test. Though there is usually a relative lymphocytosis, it is 
not the absolute nor the relative numbers of the lymphocytes that is characteristic 
so much as the special morphology of the cells. Blood changes may be present 
even on the first day of fever, but they do not usually reach their maximum till 
the end of the second week. They persist for weeks or months. The ability of 
the blood of glandular fever patients to agglutinate sheep red corpuscles was 
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described by Paul and Bunnell (1932). Normal agglutinins, rarely exceeding a 
titre of 1/56, may be found in healthy persons (see Smeall 1942), and the heterophile 
antibody content may rise after injection of horse serum. Observations by Stort 
and his colleagues (1934), Bailey and Eaffel (1935), Davidsohn (1937), Kristensen 
(1938), Barrett (1941), and Kilham and Steigman (1942) have shown that the 
normal heterophile antibody can be absorbed completely from the serum by 
guinea-pig kidney, that that met with in serum disease can be absorbed by guinea- 
pig kidney and ox red blood corpuscles, and that the, heterophile antibody of 
glandular fever can be absorbed by ox corpuscles but not by guinea-pig kidney. 
The Paul-Bunnell test, particularly when confirmed by absorption, is of con- 
siderable value in diagnosis. A titre of 1/80 or over is highly suggestive of infection, 
though some workers, such as Halcrow, Owen and Rodger (1943), would put it as 
low as 1/32. The agglutinin content often continues to rise for 2 or 3 weeks. 
Not all cases, however, give a positive reaction. Shafar and 'W'eir (1943), for 
example, have described an outbreak of glandular fever in Scotland affecting 
about 200 persons, in which the Paul-Bunnell reaction was almost uniformly 
negative. McFarlan and Macfarlane (1943) likewise have described an outbreak 
in a girls’ school affecting 78 of the pupils, in which typical blood changes were 
present but in which not a single serum reacted positively in the Paul-Bunnell 
test. The explanation of this is doubtful. It may be that there is more than 
one type of the disease, or that in some cases the amount of virus in the circulating 
blood is too small to react in the presence of sheep red corpuscles ; or that only 
the first stage of the antigen-antibody reaction occurs (see Levine and Gilmore 1945). 
The mechanism of the reaction is likewise still doubtful, but it may be similar to 
that of the Hirst test in influenza (see p. 1658) ; if so, then the antibody titre may 
be an index of the amoimt of circulating virus. 

Treatment of the disease by the sulphonamides has not so far proved encourag- 
ing. (For references to papers and reviews on glandular fever see Tidy and Morley 
1921, Baldridge et al. 1926, Schwarz 1929, Glanzmann 1930, Tidy 1934, Anton 
1934, McKinlay 1935, Wising 1942, Halcrow et al. 1943.) 


INFECTIVE HEPATITIS 

Synonyms. — Epidemic jaundice ; common infective jaundice. 

Infective hepatitis is a disease that tends to occur in epidemics. Clinically 
it is characterized by a sudden onset with vomiting, fever, malaise, and sometimes 
abdominal pain. Jaundice develops in a few days, being apparent first in the 
conjunctiva, and then spreading to the rest of- the body ; frequently it gives rise 
to itching. The urine is dark and the stools are pale. Bradycardia is common 
and the liver is often enlarged and tender. The disease lasts from a few days 
to . three weeks or more, but complete recovery may take some months. Relapses 
may occur, but are not common. The morbidity varies greatly. The disease 
may be confined to sporadic cases, or it may affect up to 50 per cent, of the exposed 
population. Abortive and ambulant cases are not uncommon, and there is evidence 
that healthy carriers may occur. The sexes appear to be equally susceptible. 
The disease is most frequent in children of school age, but young adults are also 
affected. The incubation period is generally 3 to 5 weeks, though Sheehan (1944) 
maintains that it is probably 3 months. The period of infectivity appears to be 
P.B. 3 N 
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confined to the first week or two at most of the disease. Multiple cases in a house- 
hold, sometimes occurring at approximately 4-week intervals, are often observed. 
As a rule, the case mortality is not more than about 0*1 per cent., but in some 
localized outbreaks quite a number of the patients may die. The histological 
appearance of the liver at autopsy, or as revealed by biopsy (Eoholm and Iversen 
1939), is one of diffuse lobular necrosis with mononuclear infiltration and a varying 
degree of connective tissue proliferation, but without involvement of the bile ducts. 

The disease is supposed to be conveyed by droplet infection, but one water- 
borne outbreak has been described by Fraser (1931) in Canada, and one milk-borne 
outbreak in Scotland, affecting about 150 school children (Eeport 19436). Andersen 
(1937) and Andersen and Tulinius (1938) in Denmark thought that infection 
occurred usually by the alimentary tract, and that the disease was setiologically 
related to epid»"mic jaundice in pigs. The observations, however, on which these 
workers based their conclusions have not been confirmed. Sheehan (1944) quotes 
evidence suggesting that the disease is borne by insects — possibly bed bugs. On 
the whole the evidence suggests that infection is usually conveyed by droplet 
nuclei from the nasopharynx or by infected dust, which are inhaled or come into 
close contact with the retropharyngeal tissues during ingestion. The aetiology 
of the disease is still obscure. So far, no micro-organisms have been identified 
as a likely cause. Mention, however, should be made of the water-borne outbreak 
of jaundice described by Fraser (1931), in which jaundice followed 3-5 weeks 
after an outbreak of acute gastro-enteritis caused apparently by Balm. paratypM B 
or some closely related organism of the Salmonella group. German workers (Siede 
and Meding 1941, Mancke and Siede 1942, and Siede and Luz 1943) claim to have 
cultivated a virus from the duodenal juice of patients on the chorio-allantoic 
membrane of the developing chick embryo, but attempts by Hoyle (1943) and 
others in this country to repeat their observations have been unsuccessful. 

Though a number of workers have endeavoured unsuccessfully to transmit 
the disease to a wide variety of animals (Findlay, MacCallum and Murgatroyd 
1939, van Eooyen and Gordon 1942), human volunteer experiments have been 
more promising. Admittedly, the results have been irregular, but there is now 
little doubt that an infective agent has been demonstrated in the serum, the naso- 
pharynx, the duodenal juice and the fseces of patients in the pre-icteric or early 
icteric stage of the disease (Voegt 1942, Cameron 1943, MacCallum and Bradley 
1944). 

In discussing the aetiology of infective jaundice, it is important to draw atten- 
tion to certain other types of jaundice. Catarrhal jaundice^ which is believed to 
result from obstruction of the common bile duct, caused either by cholangitis or 
by pressure, is a sporadic, non-infective disease, and has probably no relation to 
infective hepatitis. Serum jaundice and arsenic jaundice, on the other hand, 
- may be closely related to it. 

Seram jaundice has been observed in man and in horses inoculated with homo- 
logous serum, usually for the prophylaxis of some disease. In 1937 a small out- 
break occurred among the recipients of a single batch of measles convalescent 
serum (Eeport 19386). Proper! (1938) described a similar outbreak following 
the prophylactic use of serum for measles in an institution for mental defectives, 
Findlay and MacCallum (1937, 1938) in this country and Soper and Smith (1938) 
in the United States reported its occurrence after the use of yellow fever vaccine. 
In Brazil there was an attack rate of 27 per cent, among 304 persons immunized 
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Witt a particular batch of yellow fever vaccine (Fox et al 1942) ; and during the 
first half of 1942 there was a very large outbreak in which 28,585 cases occurred 
in American ^ troops who had received yellow fever vaccine (Eeport 1942a, b). 
In all these instances the vaccine had included human serum in its preparation. 
Jaundice has also followed inoculation with mumps convalescent serum (see 
Beeson et al. 1944). Observations have shown that with some batches of serum 
as small a quantity as 0-1 ml. may prove infective (see Bradley, Loutit and Maunsell 
1944). Horses injected with immune horse serum in an attempt to prevent 
such diseases as grass sickness, equine encephalomyelitis, staggers, and anthrax 
have developed jaundice (for references see Keport 1943a). The incubation period 
in serum jaundice is variable, but is usually about 2 to 3 months. The morbidity 
is often high. The case mortality in some outbreaks has been negligible ; in 
others it has been considerable. There is at present little evidence to suggest 
that serum jaundice is contagious. Oliphant, Gilliam and Larson (1943) have 
shown that the serum of patients suffering from jaundice after the inoculation 
of yellow fever vaccine can itself give rise to jaundice when injected subcutaneously 
into human volunteers ; and that the blood of the donor may be infective before 
the appearance of the jaundice, but not 2J months after its disappearance. More- 
over, icterogenic serum may give rise to jaundice when given by the mouth in 
gelatin capsules ; the incubation period under these conditions may be as short 
as 30 days (see Havens et al. 1945). Findlay, MacCallum and Murgatroyd (1939) 
regard the agent of serum jaundice as a virus on the grounds that it can be propa- 
gated in tissue culture, it fails to grow on ordinary bacteriological media, it is 
invisible under the microscope, it passes freely through a Seitz EK filter, it with- 
stands freezing and drying for many months at 4® C., and it gives rise to a disease 
characterized by an incubation period varying from 35 days to 7J months. In 
this connection it may be pointed out that a long incubation period is not 
uncommon in some virus diseases, such as rabies, infective warts, and the disease 
of sheep known as scrapie, in which it may extend up to 2 years. Growth in tissue 
culture, however, is very doubtful, and has not been satisfactorily established. 

Arsenic jaundice may occur during the treatment of syphilitic patients with 
salvarsan, neosalvarsan, arsphenamine, or other similar drug. Euge (1931), 
whose monograph should be consulted, studied large numbers of cases in the 
German navy during the years 1919-29. The incubation period varied between 
2 and 3 months according to the nature of the arsenic preparation used. Four- 
fifths of the cases occurred in men under 26 years of age, and 99-5 per cent, of 
the cases had a negative Wassermann reaction at the time the jaundice appeared. 
The case incidence was higher in men on board than on shore, and in small ships 
than in large, suggesting overcrowding as a predisposing factor. The frequency 
of arsenic jaundice rose and fell almost simultaneously with that of ordinary 
infective hepatitis. Fresh light was thrown on the disease when it was found 
that infection could be transmitted from patient to patient by the use of imper- 
fectly sterilized syringes used for intravenous inoculation. Even a trace of blood 
left in the syringe from an infected patient during the incubation period may 
sufiB.ce for this purpose (Sheehan 1944, Salaman et al. 1944). How far arsenic 
jaundice is due to the toxic action of the drug on the liver, and how far to a virus 
transmitted by inoculation from one patient to another — ^the arsenic therapy being 
mainly incidental — it is at present impossible to say. 

Though serum jaundice and arsenic jaundice di^er from infective hepatitis 
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in tlieir longer incubation period and in tbeir apparent lack of infectivity for 
contacts, tkey resemble it in several ways. The general symptomatology, the 
changes in the white cells of the blood, the primary necrosis of the liver (see Dible 
et al. 1943), and the negative bacteriological findings suggest that these three 
diseases may all be manifestations of the same primary infective agent. This 
view is strongly maintained by Sheehan (1944), who believes that the incubation 
period of epidemic hepatitis is 3 months, and not 4 weeks as is usually held. 

Even though there is a difference in the usual length of the incubation period, 
as appears probable from numerous reliable observations, there is no justification 
for concluding that infective hepatitis is caused by a different virus from that 
responsible for serum and arsenic jaundice. In these two diseases the virus is 
inoculated along with serum, and it may be that antibodies present in the serum 
delay its multiplication. In infective hepatitis, on the other hand, the virus 
gains direct access to the tissues, and its invasion of the body may therefore occur 
more rapidly. Much active research is now in progress on this interesting group 
of diseases, and crucial experiments are being undertaken to determine whether 
a patient who has recovered from one disease is immune to either of the other 
two. So far as it is possible at present to draw any conclusions, we feel that the 
balance of evidence favours the view that these three diseases are caused either 
by the same agent or by closely allied agents — probably belonging to the group 
of filtrable viruses. 

Apart from exclusion of a known pathogenic agent and of Weil’s disease, 
bacteriology can be of little help in the diagnosis of infective jaundice. Though 
there may be a transient leucocytosis in the early stage of the disease, leucopenia 
is the rule. There is a rise in the relative proportion of monocytes, but less than 
that in glandular fever. The blood picture alone is often of value in the differential 
diagnosis from Weil’s disease, in which there is a polymorphonuclear leucocytosis. 
A complement-fixation test with the patient’s serum has given promising results, 
but is still too much in the experimental stage to be recommended for routine use. 

Beyond the usual general measures taken to prevent the spread of respiratory 
infections, there is little of known prophylactic value to recommend. The duration 
of infectivity of the patient appears to be short, and probably two weeks’ isolation 
is ample (see Pickles 1939, Edwards 1943). (Por further information see Blumer 
1923, Wollenberg 1926, Klemp.erer, Killian and Heyd 1926, Hurst and Simpson 
1934, Wickstrom 1936, Eeport 1938a, Pickles 1939, Cullinan 1939, McEarlan 1941, 
1945, Newman 1942, Eindlay, Martin and Mitchell 1944.) 

BARTONELLA INFECTIONS, OROYA FEVER. VERRUGA 
FERUANA. INFECTIOUS ANAEMIA OF RATS, BOGS, AND MICE 

These diseases, which have attracted attention during recent years, are caused 
by minute micro-organisms intimately associated with the red blood corpuscles, 
and belonging either to the Bartonella or Eperythrozoon groups (see Chapter 37). 

Oroya fever and Verruga peruana appear to be two stages of the same disease. 
They are limited to the tropical zone of western South America, namely Peru, 
Colombia -and Ecuador. Owing to the widespread epidemics that may occur and 
the high case mortality of the disease — somewhere about 40 per cent. — Oroya 
fever is to be regarded as one of the most serious infections of South America. 
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In the Colombian outbreak of 1938, 4,000 deaths occurred among a total population 
of 100,000 (see Weinman 1944). 

Oroya fever, sometimes known as Carrion’s disease, is characterized by fever 
and a severe progressive anaemia, the red cell count sometimes falling within a few 
days to 1 million per c.mm. Examination of the blood shows the presence in the 
red corpuscles of small rod, dumb-bell, and coccoid bodies, varying considerably 
in number and staining red or reddish-purple with Giemsa. The organisms can 
be cultivated on semi-solid nutrient media. Inoculated intravenously into young 
rhesus monkeys, pure cultures of Bartonella- bacilliformis, but not infected blood, 
give rise to an irregularly remittent type of fever, sometimes accompanied by severe 
anemia. The incubation period of the disease is usually about 20 days. In fatal • 
cases death occurs as a rule in 3 to 4 weeks. In patients that recover, convalescence 
is established after about 5 or 6 weeks, but is often succeeded in a month’s time 
by an eruption of verruga. Second attacks of Oroya fever appear to be xmoommon. 

Verruga peruana is a disease characterized by the appearance on any part of 
the body surface of vivid red wart-like eruptions. The disease follows a short 
time after an attack of Oroya fever, and lasts as a rule for 4 to 6 months. Second 
attacks may occur, and sometimes a latent infection persists after the subsidence 
of the skin lesions. The case mortality is very low. There is generally a moderate 
degree of ansemia, but the parasites in the blood are too few to be seen micro- 
scopically, though they can often be revealed by culture. Bartonella can be 
readily cultivated from the local lesions, and can be seen microscopically in stained 
sections of the excised tissues. Pure cultures, or juice from the nodules, inocu- 
lated intradermally above the eyebrow of monkeys give rise after an incubation 
period of 9-20 days to a local verruga papule. Experimental infection is followed 
by immunity. In the monkey the spleen appears to play no part in the defence 
mechanism of the host, such as it does in the rat infected with Bartonella muris. 

Both Oroya fever and verruga appear to be carried by sandflies, such as Phleboto- 
mus noguchi and Phlehotomus verrucarum (Shannon 1929, Hertig 1937). In endemic 
areas latent infections in man appear to be not uncommon (Weinman and Pinker- 
ton 1937). The blood of patients suffering from the disease may contain agglutinins 
to Bartonella hacilliformis in a titre of 1/10 to 1/80 (Howe 1942). Organic arsenic 
compounds have no curative effect. (For further description see Noguchi 1926, 
Kikuth 1931, 1934, Pittaluga 1938, and a comprehensive review by Weinman 1944.) 

Infectious Ansemia of rats, caused by Bartonella muris, is a disease that is 
precipitated by splenectomy. With the exception of certain breeds, such as the 
Wistaf strain, a large proportion of adult rats, both wild and tame, appear to suffer 
from a latent infection with this organism. In such animals removal of the spleen 
is followed, usually in 4 or 5 days, by general illness,' emaciation, and a severe 
progressive ansemia. Frequently haemoglobinuria develops and the animal dies, 
generally within 14 days. Kecovery may, however, occur, but it is liable to be 
followed by relapses at irregular intervals. Examiaation of the blood during the 
acute stage of the disease reveals a high proportion of red cells infected with 
Bartonella (Fig. 213, p. 904). The organisms have been cultivated successfully on 
leptospiral and other media. In animals that recover they disappear from the 
blood in 1—5 weeks. Splenectomy in young rats that have not yet become infected 
with Bartonella is without effect, but if a pure culture or infected blood is injected 
into a splenectomized animal then typical ansemia develops. Inoculation of a 
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non-infected non-splenectomized animal produces only a mild anaemia. The disease 
can also be reproduced in young rabbits, guinea-pigs, and white mice by inoculation. 

The part played by the spleen is decisive, though in what way it acts is still a 
matter of conjecture. A quarter of the spleen left in situ is sufficient to protect 
the* animal against the disease (Perla and Marmorston-Gottesman 1930). Perla 
and Marmorston-Gottesman (1932) have prepared an aqueous lipoid extract of the 
spleen that neutralizes the effect of splenectomy. The same workers find that if 
rats are fed prior to splenectomy on a diet containing an adequate amount of iron 
and copper, a large proportion of them fail to develop anaemia. Sandberg and 
Perla (1934) have shown that splenectomy in non-infected albino rats is followed 
by an increased retention of iron but an increased elimination of copper. The 
suggestion is therefore that the spleen plays an important part in the utilization of 
copper, and that in animals on a normal diet the amount of this substance is in- 
sufficient to prevent the development of a severe anaemia if the spleen is removed. 
Certain trypanosome infections, poisons such as toluylenediamine, pyridine, and 
phenylhydrazine (Lauda and Marcus 1928), irradiation, and possibly some bacterial 
infections, may activate a latent Bartonella infection even in the presence of an 
intact spleen. 

Natural infection is probably carried by rat hce. Neosalvarsan administered 
before splenectomy prevents the development of anaemia. Administered after the 
disease has developed, it has a marked therapeutic effect. Certain arsenic-antimony 
compounds are said to be even more effective. According to Emery (1940), 
sulphanilamide has no therapeutic action. (Eeferences : Mayer 1921, Eord 
and Eliot 1928, Eliot and Ford 1929, Perla and Marmorston-Gottesman 1930, 
1931, 1932, Marmorston-Gottesman and Perla 1930, 1931, 1932a, b, Lwoff and 
Vaucel 1931, Roth 1932,'Eikuth 1934, McCluskie and Niven 1934.) 

Infectious Anaemia of dogs is caused by Bartonella canis. The organisms were 
first observed by Kikuth (1929) in the blood of a splenectomized dog. The course 
of the disease resembles that in rats. The parasites multiply up to a certain point, 
then suddenly disappear from the peripheral blood, only to reappear after a few 
days and again work up to a maximum. Remissions of this type may occur for 
months. The length of the relapses and of the remissions varies from dog to dog 
(Regendanz and Reichenow 1932). The anaemia is seldom severe; death is 
infrequent ; and spontaneous recovery leaves behind it a substantial degree of 
immunity. Infection appears to be transmitted from dog to dog by fleas. Neosal- 
varsan exercises a specific effect on the course of the disease. At the height of 
the disease Bartonella canis is present in very large numbers. It is said by Regen- 
danz and Reichenow to be situated extracellularly. This may account for" the 
fact that the parasites may suddenly disappear from the blood without any serious 
diminution occurring in the number of red blood corpuscles. The organisms are 
very pleomorphic, and may become agglutinated into characteristic masses or 
chains at the periphery of the cells. Cats, as well as dogs, are susceptible to experi- 
mental inoculation after splenectomy (see also Perard 1929, Lwoff and Provost 
1929, Kikuth 1934). , 

HYPEREMESIS HIEMS: THE WINTER VOMITING DISEASE; EPIDEMIC 
NAUSEA AND VOMITING 

The winter vomiting disease has been met with in many countries. Outbreaks 
have been’ reported by Zaborsky (1929, 1940) in tbe United States, by Eiscbel 
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(1935) and Henningsen (1936) in Denmark, and by Miller and Eaven (1936), Gray 
(1939), and Bradley (194:3) in Great Britain. It is possible that tbe outbreak 
of gastro-enteritis described by Smith and Davies (1941) was an example of the 
same disease. Whether it is related to the vomiting sickness of Jamaica, which 
was ascribed by Scott (1916) to poisoning by achees, is very doubtful, but in view 
of the benign nature of the winter vomiting disease and the high case mortality 
of the Jamaican sickness, this seems improbable. Zahorsky first experienced 
an epidemic at St. Louis in 1904. He observed it during many subsequent winters. 
The last outbreak he describes was at St. Louis in 1940, when fully 3,000 children 
were attacked during the first three weeks of February. A similar outbreak at 
Charleston, S.C., reported by Waring (1942), affected several thousand persons 
during February and March 1941. All ages are attacked, but infants and young 
children seem to be specially susceptible. The incubation period is thought to 
be 2 to 7 days. The onset of the disease is often abrupt, but it may be preceded 
by abdominal pain or nausea for a day or two. The vomiting is violent, forcible, 
and often projectile. It lasts for a day or two, and may lead to a state of collapse. 
Soon after its commencement diarrhoea, accompanied sometimes by colicky pains, 
sets in. It is seldom profuse, though it may be so. The stools are thin, pale in 
colour, and very offensive. A temperature of 99°-100° F. is not uncommon. 
Children sometimes appear profoundly ill. They remain, without food, in a 
listless or semi-comatose state for 2 or 3 days. Death, however, is rare. A mild 
inflammation of the upper respiratory tract is often present. The leucocyte count 
tends to be raised. The clinical diagnosis is made on the presence of an epidemic, 
persistent vomiting, offensive light-coloured stools, the relatively afebrile course, 
and the absence of an acute respiratory infection or otitis media. The cause of 
the disease is unknown. Our own observations, like those of others, have failed 
to reveal the presence of any known pathogenic organism. The practical absence 
of cells from the stools suggests that the disease is not primarily an enteritis, nor 
do epidemiological studies point to a food-borne infection. It seems more probable 
that infection occurs through the respiratory tract. Zahorsky (1940) distinguishes 
it from influenzal gastritis, since it may supervene explosively on an outbreak 
of this disease. 


INFECTIOUS CATAREH OF MICE 

Nelson (1937) has described a disease of mice characterized by rhinitis, otitis 
media, and a terminal lobar pneumonia. Infection spreads readily by contact, 
progresses slowly, but ultimately proves fatal. No nasal discharge is visible 
externally, but a copious semi-fluid white exudate can be withdrawn from the 
nostrils by a capillary pipette. The disease can be readily transmitted to normal 
mice by instillation of exudate from the nose, ear or lung. Microscopical examina- 
tion of nasal or ear discharge reveals the presence of small Gram-negative cocco- 
bacilliform bodies, 0-3-0*4 in diameter, arranged singly, in pairs, or small groups, 
and predominantly extracellular. The organisms cannot be cultivated on ordinary 
media, but can be grown in tissue culture. Nasal instillation of pure cultures 
reproduces the disease in mice. The coccobacilliform bodies are similar to those 
found by Nelson (1936) in fowl coryza. Whether infectious catarrh of mice is 
allied to the so-called mouse-influenza described by Kairies and Schwartzer (1936) 
in Germany is not known. 
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RELAPSING FEVER, AVIAN SPIROCHiETOSIS, AND VINCENTES 

ANGINA 

RELAPSING FEVER 
Synonyms : Famine fever ; tick fever. 

Relapsing fever is tlie name given to a disease the chief characteristic of which 
is the occurrence of one or more relapses following the subsidence of the primary 
febrile paroxysm. It would perhaps be more correct to define it as a general term 
for a group of closely allied diseases ; for relapsing fever differs in its symptomato- 
logy in difiexent countries. The disease is widespread in Eastern Europe, in Asia, 
in Egypt, and along the North African coast, in Mexico, and in Central and South 
America. It used to occur in this country and in Ireland, particularly during 
times of famine ; the last epidemic was in 1868-71. In the United States the 
earliest record is of an outbreak in Philadelphia in 18M among immigrants from 
Liverpool. Further outbreaks among immigrants were recorded in New York 
in 1847 and 1871, and in Philadelphia in 1869 (Moursund 1942). There was an 
outbreak in 1874 among Chinese labourers in California, though according to 
Meyer (1936) this was more probably typhus fever. The first indigenous cases 
were recognized in 1915 in Colorado ; since then there have been numerous reports 
of the disease in the south-western States including California. (For epidemiology 
in United States, see Report 1942.) The tick fever of Central Africa was shown 
simultaneously by Ross and Milne (1904) and Dutton and Todd (1905) to be a form 
of relapsing fever. The incubation period is from 2 to 10 days as a rule, sometimes 
as long as 14 days. The mortality is generally low — ^less than 6 per cent. — but in 
some epidemics it has been as high as 30 per cent. The causative organism of the 
disease was first observed by Obermeier in the Berlin epidemic of 1867-68 ; his 
observations were published in 1873 (Obermeier 1873). He noticed the presence of 
thread-like bodies in the blood of patients during the febrile stage of the disease, the 
disappearance of these bodies during the afebrile stage, and their reappearance dur- 
ing the relapse. By reason of their motility and their wave-like spiral form, he 
considered them to belong to the group of Spirochaetes. In the blood they occurred 
aS' straight forms, S-forms, and even as circles ; towards the end of the paroxysm 
he noticed their tendency to aggregation in rosettes and their granular disintegration. 
The organisms occurred only in patients with relapsing fever ; they were never 
found in the blood of normal persons, or of patients suffering from other fevers. 
These observations are of considerable historical importance, because they were 
among the first to establish the microbial theory of infection. 

The spirochaete described by Obermeier is known as Treponema recurrentis, 
and is the usual type found in European relapsing fever. Besides this, a number 
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of otlier spiroclisetes have been described associated with relapsing fever in other 
countries ; and, as these exhibit certain differences, particularly in their antigenic 
structure, their virulence to various laboratory animals and, perhaps most important 
of all, their specificity for their intermediate host — the louse or the tick — ^they 
have been regarded by some workers as separate species and named accordingly. 
Thus we have Trep. duttoni of Central Africa, Trey?, novyi of North America, Trep. 
hocU of East Africa, Trep. carteri of India, Trep. persicum of Iran, Trep. ushehi- 
stanicum of Eussian Turkestan, Trep. sogdianum of Palestine, Trep. hispanicum 
of Spain, Trep. venezuelense of South America, and a few more. Other workers, 
however, regard all these organisms as varieties of the same species. 

As seen by dark-ground illumination in the blood of patients during a febrile 
paroxysm, they are actively motile spiral organisms, with a series of five to ten 
fairly regular but loose primary waves ; during rest their axis is generally straight, 
but when in motion they momentarily assume various curved and bizarre forms. 
Their length is variable, and differs with different species ; generally it is 10-20 fjL. 
The spirals are 2-3 [jl long, and about 1 in amplitude. Division occurs by transverse 
fission ; during this process a constriction appears at the middle, and the two 
organisms draw apart, leaving a thin thread-like connection between them. After 
separation has occurred, this remnant of the periplast may often be seen attached 
to one end ; by many workers it has been described as a flagellum. Under suitable 
conditions the organisms are extremely motile, darting rapidly across the field ; 
but in ordinary wet blood films their motion is slower ; they move backwards and 
forwards over a distance of not more than two or three times their own length 
(Novy and Knapp 1906). Eotation occurs around the long axis. The numbers 
present in a blood film vary from case to case ; at the height of the first pyrexial 
attack they are often numerous — several organisms to a field — but they may be 
relatively few and difficult to find. During the decline of the fever their numbers 
diminish, the organisms become less motile, and not infrequently they assume irregu- 
lar shapes or accumulate in rosettes (see Pig. 215, p. 913) ; these changes are regarded 
as indicative of lysis or agglutination due to the action of antibodies developing 
in the host. After the subsidence of the fever they can no longer be found micro- 
scopically in the blood ; there is evidence, however, to suggest that a few organisms 
may persist in the blood, since inoculation of blood into animals during the apyrexial 
interval may give rise to infection. At the onset of the relapse they again become 
demonstrable microscopically in the blood, though not always in such large numbers 
as in the first attack. During the interval between the pyrexial attacks the 
organisms remain latent in the tissues. Experiments conducted on mice suggest 
that the brain is one of the organs in which infection frequently persists (Heronimus 
1928). 

The spirochsetes are best demonstrated by dark-ground illumination ; but they 
may be stained by methylene blue, or preferably by Leishman or Griemsa, with 
both of which they take on a bluish colour. If the blood films are made in the 
usual way and allowed to dry in air, the organisms undergo gross distortion and 
present irregular and coiled forms ; if their natural form is to be preserved, they 
should be wet-fixed. 

Transmission of the Disease. 

Relapsing fever is transmitted by blood-sucking insects. Dutton and Todd 
(1905) showed that the tick fever of the Congo Free State was spread by the tick 
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OrnitJiodoros mouhata ; infected ticks were able to transmit the disease to moAke.js, 
and in one experiment young ticks, newly katcked in the laboratory from egg|;‘- 
laid by infected parents, successfully conveyed the disease to monkeys, showing 
that the infection could be transmitted hereditarily. In Uganda, Ross and Milne 
(1904:) brought evidence to show that the disease was spread by the bite of the 
tick OrnithodoTos savignyL In Panama and South America it is spread by the 
ticks 0, talaje and 0. venezuelensis, in Texas by 0. turicata, in California by 0. hermsi 
and 0. parJceri (see Davis 1942), in Spain by 0. marocanus and 0. erraticus, and 
in Iran and Palestine by 0. papilUpes (see Delpy and Rafyi 1939). The method 
by which the tick transmits infection is still subject to doubt. It is generally 
assumed that the infected fluid exuded by the coxal glands contaminates the 
wound made by the bite of the tick. In some ticks, however, such as 0. hermsi 
and 0. turicata, the coxal fluid is not infective (Herms and Wheeler 1936, Prancis 
1938), and infection probably results from the bite itself, particularly from bites 
of the larvse. After a good meal of blood, ticks may survive starvation and remain 
infective for as long as five years (Francis 1938). The mammalian reservoir of 
infection is constituted by a variety of animals, especially rodents, but including 
pigs, porcupines, opossums, and armadillos (see Sautet 1937). 

Though the disease in Central and South Africa, in North and South America, in 
Palestine and Iran, and some other parts of the world is spread by ticks, in most 
of Europe and Asia the chief vector is the louse (Wenyon 1926). The organisms 
may be demonstrated for 24 hours in the stomach of the louse following an infec- 
tive feed ; after this time they can no longer be found ; but in about 6 or 8 days 
they reappear in the fluids of the body cavity,. and spread to all parts of the 
body including the legs and antennae. Infection is conveyed to human beings 
not by the bite of the louse, which appears to be harmless, but by contamination 
of the wounds, made by biting or by scratching, with the body fluids of the louse. 
In ticks, Wheeler (1942), working with 0. hermsi, found that the spirochaetes 
invaded the coelomic cavity within three days of being ingested, and by the tenth 
day were demonstrable in the muscles. In contrast to ticks, hereditary trans- 
mission of infection has never yet been satisfactorily demonstrated in lice. Occa- 
sionally human beings are infected by contamination of a wound, or even of the 
nasal or conjunctival mucosa, with the blood of an infected animal. Laboratory 
infections of this kind are not uncommon. 

Immunity. 

The disappearance of the spirochaetes from the blood stream at the end of the 
first pyrexial attack has been regarded by many workers as due to the develop- 
ment of antibodies. This view has to some extent been substantiated by the work 
of Novy and Knapp (1906). 

Working with the rat, they found that the organisms would live in defibruiated blood 
kept at room temperature for 30 or 40 days, provided the blood was removed from the 
animal during the early stage of infection ; if it was taken during the later stages, they 
died in 24 hours. When the organisms were examined in vivo during the decline phase 
of the infection they were observed to become sluggish, to show end-to-end agglutination, 
and even to form small tangles. This was even more marked when blood from an 
immune animal was inoculated into an infected rat ; half an hour later the spirochaetes 
were accumulated in tangled masses of 10 to 20 members, and showed end-to-end agglutin- 
ation ; 1 hour later they were agglutinated into perfect radiating rosettes, and 2 hours 
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later ttey were very scarce and were mostly immobile. Blood serum from a rat, which 
had been hyperimmunized by a course of 26 injections of infective blood, had marked 
immobilizing and agglutinative properties, even when diluted to 1/100. In rats that 
had recovered naturally from infection Pfeiffer’s phenomenon could be produced in vivo, 
Intraperitoneal injection of infective blood into such animals was followed by agglutina- 
tion and granular degeneration of the spirochsetes ; in 10 minutes no free spirochetes 
could be found. The altered organisms were rapidly ingested by phagocytes. In hyper- 
iimmunized rats the spirochetes completely disappeared from the pei’itoneal cavity in 
2 minutes. In passively immunized rats the spirochetes were agglutinated into rosettes, 
but later these broke up, and free organisms once more became numerous ; the animals, 
however, did not contract infection. The course of antibody production in human beings 
seems to resemble that in experimental animals (see Cunningham and Fraser 1935). 

From these and other experiments, it would appear that during the course of 
the natural disease immune bodies — chiefly agglutinins, spirochaetocidins and 
lysins — are developed, which are sufficiently powerful to overcome the blood 
infection and lead to the disappearance of the spirochaetes from the circulation. 
These organisms remain latent in the brain and other tissues, and when the cir- 
culating antibodies have decreased, they once more enter the blood and give rise 
to a relapse. This stimulates the production of fresh antibodies, which again lead 
to the disappearance of spirochaetes from the blood. After one or more relapses 
the active immunity developed by the host is sufficient to prevent further invasion 
of the blood by the spirochaetes, and an apparent cure results. Whether a true 
cure results, in the sense that the body is completely rid of spirochaetes, is doubtful. 
Animal experiments suggest rather that, even though the organisms give no token 
of their presence, they may yet" remain alive in the tissues for weeks or months. 
Immunity in relapsing fever appears to be an infection-immunity ; this corresponds 
to a state of the host in which, together with a humoral immunity, there is a latent 
infection of the tissues, which is capable under certain conditions of breaking down 
the existing immunity (Heronimus 1928), It is a state in which a working equili- 
brium is established between host and parasite, and like other equilibria is liable 
to disturbance (see Chapter 51). 

There is a considerable amount of evidence to show that after the first attack 
the spirochaetes in the tissues undergo an antigenic change which renders them in- 
susceptible to the antibodies produced by the host against the original strain. 
This enables them to invade the blood a second time and give rise to a relapse. 
The production of antibodies to the so-called “ relapse ’’ or “ serum-fast ’’ strain 
is followed by the disappearance of the organisms from the blood once more. A 
further antigenic change may occur in the tissues enabling the organisms to invade 
the blood for a third time. In some instances it appears that the relapse strain 
reverts to the parent type, and if the circulating antibodies generated during the 
first attack have diminished sufficiently, another invasion of the blood may occur 
(Aristowsky and Wainstein 1929a). 

It will be understood that the antigenic specificity of the relapsing fever spiro- 
chsetes is highly developed. This accounts not only for the fact that patients who 
have been infected with one type of relapsing fever, for example the European, can 
be infected with another type, such as the Indian or African, but that, as just noted, 
» a patient who has recovered from invasion with a given strain is liable to suffer 
from a relapse due to an antigenic variant of the same strain. 
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Reproduction o£ tlie Disease in Animals. 

Infection can be transmitted to monkeys, rats, and mice and, with some types 
of spirocbsete, to guinea-pigs ; rabbits are usually refractory. In monkeys the 
disease runs much the same course as in man ; 2 or 3 days after subcutaneous 
inoculation with the patient’s blood a pyrexial attack occurs, lasting for 3 or 4 days ; 
two, three, or four relapses may occur at intervals of 2 to 8 days, each relapse 
lasting from 1 to 4 days (Norris et al. 1906). After intrap eritoneal inoculation of 
mice the organisms appear in the blood within 24 hours, and persist for 3 to 4 days ; 
they then disappear for several days, after which a relapse may occur ; three or 
four relapses may follow each other, separated by an interval of about 7 days 
(Novy and Knapp 1906). Sometimes the animals ie after 4 or 5 days. As many 
as 10 to 50 organisms may be present per field during the first infection, but in 
the relapses only 1 or 2 organisms are seen as a rule. Intraperitoneal inoculation 
of white rats is followed by the appearance of spirochsetes in the blood in about 
40 hours ; they disappear about 2 days later. The spirochsetes are fomid not 
only in the blood, but in all the organs of the body. Infection is never fatal. 
Novy and Knapp (1906) state that rats do not relapse, though Bohls and Irons 
(1942) deny this. Guinea-pigs are relatively insusceptible to most strains, but 
are said to be easily infected with Trep, hispanicum and Trep. sogdianum^ and 
often to die of haemorrhagic peritonitis after ' inoculation with Trep, persicum. 
Trep. usbeJcistanicum is said to be uniformly fatal to them (Delpy and Rafyi 1939). 

Diagnosis. 

Blood should be taken during the pyrexial period and examined either by 
dark-ground illumination or after staining with Wright, Giemsa or gentian violet 
(see Beck 1936, Bohls and Irons 1942). If the staining technique is adopted, 
it is usually wise to make a thick film preparation by stirring 2 or 3 drops of blood 
on one slide with the corner of another slide till they cover an area about 1 cm. 
in diameter. Unless they are stained at once, they should be laked in distilled 
water or 1 per cent, acetic acid before staining. Thin films to be stained by Giemsa 
or gentian violet should be previously fixed for 3 minutes in methyl alcohol. 
Microscopically, the spirochsetes are usually seen in large numbers in blood taken 
during the febrile period, but later they may be scarce and are often coiled up 
or clumped together. 

For confirmation of the microscopical result, or for enrichment if this is negative, 
1-2 ml. of fresh whole blood, or of clot grotmd up in saline, should be injected 
intraperitoneally into a susceptible animal — preferably the mouse. Spirochsetes 
may not become visible microscopically in the mouse’s blood for 2 to 3 days, and 
sometimes for much longer. A drop or two of blood from the tail should be 
examined every day for at least a fortnight from the second day onwards, if the 
animal does not die of the infection. 

Spirochaetes may sometimes be demonstrated by animal inoculation in the 
blood of patients for weeks after the primary attack. According to Chung (1938) 
the urine and prostatic fl.uid are sometimes infective. In making rodent surveys, 
the spleen, heart, or brain tissue should be ground up in saline and inoculated 
subcutaneously into white mice ; the blood is then examined daily for spirochsetes 
in the usual way. It is worth noting that the Wassermann reaction may be 
positive in relapsing fever. A method of diagnosis by serological means has been 
described, (Stein 1944). 
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Propliylaxis and Treatment. 

Little can be done by the individual to protect himself against infection in 
an endemic area beyond avoiding lice or ticks. Inoculation of living cultures, 
or sometimes of cultures killed by heating to 60° C. for 30 minutes, is said to 
give rise to the production of lysins. Persons so vaccinated may apparently 
resist infection with small doses of living spirochsetes (Aristowsky and Wainstein 
1929a, 5). Whether vaccination is likely to be of value in practice it is as yet 
impossible to say. Like most spirochetal diseases, relapsing fever is readily cut 
short by injection of salvarsan or neoarsphenamine. A single suitable dose often 
suf6.ces to cure the disease and prevent relapses (Wenyon 1926). However, just as 
“ serum-fast variants may develop during the course of the disease, so “ arsenic- 
fast strains may be encountered, which are little affected by salvarsan. Infections 
with such strains may be treated by sodium potassium bismuth tartrate (Todd 
1930). The serum of convalescent patients may be used therapeutically, but little 
information is available about the value of this method of treatment. More recently, 
Trap, recurrentis has been reported to be susceptible to penicillin (Lourie and 
Collier 1943), so that in future resistant cases of the disease may perhaps prove 
amenable to treatment with this substance. . 


AVIAN SPIR00HAST08IS 

In 1891 Sakharoff described a disease of geese that appeared every year in 
certain stations on the Transcaucasian railway, and resulted in a high mortality 
— 80 per cent. Examination of the blood revealed the presence of spirochsetes 
closely resembling those of human relapsing fever. Clinically, the infected goose 
went off its feed, remained apathetic in a sitting-down posture, and died of ex- 
haustion after a week or more ; sometimes it developed diarrhoea, and its joints 
became affected. Post mortem, there was fatty degeneration of the heart and 
liver ; the liver moreover showed mihary yellowish granules of caseous consistency ; 
the spleen was soft and friable. During life actively motile spirochsetes were 
found in fairly large numbers in the blood at the beginning of the disease ; later 
they collected into lay-forms, and finally into tangled baU-like masses. Before 
death they disappeared from the blood and at post mortem they could be found 
neither in the blood nor in the organs. Subcutaneous inoculation of infected blood 
reproduced the disease in normal geese after an incubation period of 4 or 5 days. 

Working with the spirochsete of goose septicssemia — Treponema anserinum — Gabritschew- 
sky (1898) found that if the blood serum of a goose, which had recovered naturally from 
the disease, was mixed with the blood of an infected goose, the spiroohaetes were killed 
in a few minutes at 37® 0. ; if no immune serum was added, they lived for 18 hours. 
When the serum was heated to 60° C., its bactericidal power was destroyed completely. 
Eurther experiments showed that, while blood serum from a peripheral vein or from 
the right side of the heart killed the spirochetes in half an hour or less, juice sucked 
from the viscera—spleen, liver, kidney, and bone-marrow— did not kill them for 2^ to 
9 hours. He also found that, in infected geese, spirochetes could still be demonstrated 
in the internal organs after they had disappeared from the blood. He concluded there- 
fore that the spirochetes were destroyed in the blood by the spirochetocidms, but 
remained latent in the viscera where the antibodies appeared to be less concentrated. 
This conception of immunity is similar to that reached in the case of human relapsing 
fever. 
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As well as tlie spirochsetocidins, there are also iysins present in the blood, and agglu- 
tinins, which are responsible for the clumping of the organisms. Phagocytosis occurs, 
apparently as a secondary phenomenon, after the death or immobilization of the spiro- 
ohsetes, though according to Himmelweit (1933) it plays an active part in the destruc- 
tion of the living organisms. Gabritschewsky further showed that naturally recovered 
geese remained immune to further infection, as long as bactericidins were present in the 
blood. Antispirochsetal serum, prepared by the inoculation of horses, had marked pro- 
tective properties when injected into geese simultaneously with, or 24 hours after, injec- 
tion of spirochsetal blood ; but once the organisms had appeared in the blood stream, 
it had no effect. That is to say, the serum had prophylactic, but not therapeutic 
properties. By injection of normal geese with a single dose of immune serum, followed 
on the next day by injection of spirochaetal blood, he succeeded — by active immunization 
under cover of a passive immunity — ^in rendering the birds highly resistant to the disease. 
This method he recommended for combating natural outbreaks of the disease. 

More widespread than the disease in geese is spirochaetosis of fowls, which was 
first described by Marchonx and Salimbeni (1903) in Brazil, and later by Balfour 
(1908) in the Sudan. The symptoms and general course of the disease appear 
to be much the same as in geese. 

The disease can be transmitted by subcutaneous, intramuscular, or intraperitoneal 
injection of hens with infected blood ; the bird develops diarrhoea, the temperature rises 
to 43° G., and spirochsetes appear in the blood in 24 hours. The temperature faUs after 
3 or 4 days to 40° or 41° C., but the organisms continue to increase in the blood. Later, 
however, they become aggregated into groups, their movements become slower, and 
they form figures of 0 and 8. At this stage the bird dies, though sometimes a chronic 
disease develops, lasting for about a fortnight, and followed by death. The disease can 
be transmitted to fowls, geese, ducks, guinea-fowls, and sparrows ,* pigeons are fairly 
refractory, monkeys and guinea-pigs completely so (Marchoux and Salimbeni 1903). 
Neither in the goose nor in the fowl do relapses occur ; the bird either dies or recovers 
completely. 

The natural disease is spread by ticks. In Brazil Argas miniatus was found 
to be responsible ; in the old world Argas 'persicus is the tick that has been chiefly 
incriminated. Marchoux and Salimbeni (1903) found that ticks might remain 
infective for 5 months after biting a diseased fowl. According to Hindle (1912) 
ticks may transmit the infection to their progeny, and these again to the next 
generation, without having had an infective feed in the meantime. 

The disease occurs in ducks as weU as in fowls and geese. It is probable that 
the causative organism is the same in each species ; its proper name therefore is 
Treponema anserinum (Wenyon 1926). Those anxious for further information on 
avian spirochsetosis are referred to the monograph of Knowles, Gupta, and Basu 
(1932) who, besides giving a bibliographical review of the subject, have made a 
number of observations themselves, partioxdarly on the mechanism by which 
immunity develops. 

Blood Spirocbsetoses in other Animals. 

Cattle sufier from a spirochaetosis caused by Treponema iheileri ; infection is 
conveyed, at least in South Africa, by the tick Margaropus decoloratus, A similar 
disease in horses and in sheep, probably due to the same organism, Trep, theileri, has 
also been reported by Theiler in South Africa. SpirochaBtes of the relapsing fever 
type have been observed in the blood of elephants, camels, ^ antelopes, monkeys, 
and some other mammals (Wenyon 1926). 
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VINGENFS ANGINA AND CERTAIN RELATED INFECTIONS 

There are certain necrotic and gangrenous infective processes in human beings, 
such as ulcero-membranous gingivitis, hospital gangrene, noma, foetid bronchitis, 
and gangrenous laryngitis, in which spirochsetes have frequently been demonstrated. 
Of these, one of the chief is the so-called spirillum described by Vincent (1896, 
1899), now known as Treponema vincenti (see Chapter 38). It is not clear whether 
Vincent’s spirillum is responsible for the necrotic lesions in which it is found, 
or whether it is a mere secondary invader. The fact that it is often present in 
scrapings of the gingivo-dental fold in apparently healthy mouths has led many 
observers to doubt its setiological role in the inflammatory diseases just mentioned. 
Black (1938), for example, found Vincent’s spirillum in 60 per cent, of children 
under 12 years of age, fusiform bacilli in 94 per cent., and both together in 18-63 
per cent, according to age. He regards these organisms as members of the normal 
flora of the mouth, which multiply when conditions are favourable, but which 
are without pathogenic action. Eecent work (see p. 1897) has shown that some 
of the gingivo-stomatitis of children is a primary herpetic infection ; but there 
is nevertheless a group of diseases characterized by ulceration of the gums and 
throat, in which no virus has so far been demonstrated, but in which Vincent’s 
spirilla are abundant. The organisms are often found associated with a char- 
acteristic fusiform bacillus, likewise described by Vincent (1896, see Chapter 18). 
It has been suggested (Tunniclijff 1906) that Tref. vincenti and the fusiform bacillus 
represent two phases of the same organism ; but the balance of evidence is definitely 
against this view. Since we know that strict anaerobes are unable to grow in 
healthy tissue, the finding of large numbers of spirochsetes and fusiform bacilli 
in swabs taken from the ulcerated gums is an index of the presence of necrotic 
tissue or of non-living matter in the mouth. In fact, the disease is often associated 
with septic teeth, salivary calculi, or an erupting third molar. Why the disease 
becomes almost epidemic in war-time is still unknown. Shortage of ascorbic 
acid or of nicotinic acid in the diet has been suggested, but the evidence is not 
convincing. Infection from one person to another in camps or communal feeding 
centres probably plays some part. Arsenic has been used in treatment, but its 
value is doubtful. Measures directed to cleaning up the mouth, the removal of 
dead tissue, and of tartar on the teeth, and the use of hydrogen peroxide washes 
and zinc peroxide pastes seem to be more effective. Penicillin is reported to be 
of benefit. 

Tfejponemata have also been isolated from the sputum of tuberculous patients 
(Be 2 an 9 on and Etchegoin 1926), and from other bronchial and pulmonary lesions 
(Bacigalupo 1928) ; but we know nothing with regard to the relation of these 
organisms to each other or to Tre^, vincenti. 
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CHAPTER 81 

SYPHILIS, RABBIT SYPHILIS, AHD YAWS 

SYPHILIS 

The origin of syphilis is not definitely known, but its presence in Europe is said 
to date from the end of the fifteenth century, when it was brought to Spain by 
Columbus’s sailors returning from the New World. The disease spread rapidly 
over Europe, and was at first endowed with the malignancy that is characteristic 
of most i^ective diseases on first reaching virgin soil. Now, after centuries of 
endemic prevalence, the disease is much milder ; this is probably due in part to 
better and more rapid treatment, and in part to the development of a racial im- 
munity, similar to that which appears to have developed against tuberculosis. 

Edwin Klebs in 1876-77 was apparently the first to see spirochsetal bodies in 
syphilitic material and to transmit the disease to monkeys (see A. C. Klebs 1932). 
Haensell in 1881 produced a local lesion m rabbits by inoculation of the eye, Metch- 
nikoff and Roux (1903, 1904a, b, 1905) transmitted the disease to apes, and found 
that chimpanzees developed not only primary but also secondary lesions following 
inoculation with human syphilitio material. In 1905 Schaudinn and Hoffmann 
discovered the causative organism of the disease. In chancres and in the inguinal 
glands of syphilitic patients they demonstrated a spirochete, now known as Trepo- 
nema pallidum, which occurred both on the surface and in the depth of the tissue. 
They stained it by a modified Giemsa stain, and described its characteristic morpho- 
logy and movements. In chancres it was frequently accompanied by another 
spirochsete— -Trep. re/myews— which was broader, less regular, and more refractile. 
But Trep. refringens was sometimes found in non-syphilitic lesions, such as gonor- 
rhoeal papillomata, whereas Trep. palMdum was never found except in syphihs. 
Though Schaudinn and Hoffinann did not decide whether pallidum and refringens 
were different species, it has since been shown that it is Trep. pallidum alone that is 
responsible for the causation of syphilis. (For farther history see Schuberg and 
Schlossberger 1930, Stokes 1931, Eebs 1932.) 

Bacteriology. 

Syphilis is transmitted chiefly by direct, but sometimes by indirect contact. 
Treponema pallidum has the power of gaining entrance to the body through minute 
lesions of the skin or mucous membranes. It is, however, a very strict parasite, 
and its life outside the animal body is short ; if this were not so, syphilis of non- 
venereal origin would probably be very much more common than it is. Infection 
may likewise be transmitted from mother to child, causing the congenital type of 
syphihs; this results from the passage of spirochaetes through the placenta. 
Except in congenital syphilis, in which the disease is generalized from the 
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start, infection is rendered evident by tbe development of a primary lesion 
or cbancre. This appears within a month of infection, and is accompanied 
by enlargement of the focal lymphatic glands. From 6 to 12 weeks after the 
appearance of the primary chancre, the secondary stage of the disease sets in ; this 
is marked by constitutional symptoms, cutaneous lesions, enlargement of the lymph 
glands, and often affections of the bones, joints, eyes, and other organs. The 
secondary passes over insensibly into the tertiary stage, which may persist for 
years ; this is characterized by the development of ulcerating necrotic lesions of 
the skin and mucous membranes and by gummata of the internal organs. Years 
after the contraction of the disease disorders of the nervous system may appear, 
such as tabes dorsalis and general paralysis ; these are sometimes referred to as 
quaternary or para syphilitic affections. 

Up to the commencement of the secondary stage, syphilis is clinically a localized 
disease ; bacteriologically, however, it appears probable that infection becomes 
generalized soon after infection. Kolie and Evers (19266) infected rabbits by 
cutaneous or subcutaneous inoculation into the scrotum with syphilitic material, 
removed the inguinal glands after varying periods, and injected these into fresh 
animals. By this means they found that the glands were infective within 30 
minutes of the scrotal inoculation. Working with guinea-pigs, they were able to 
show that the spiroohsetes reached the focal glands within 5 minutes of cutaneous 
inoculation of the scrotum. In apes the time elapsing between infection and 
invasion of the glands is probably longer; Metchnikoff and Eoux (1905), for 
example, found that chimpanzees anointed locally with calomel ointment, 1 to 
2 hours after cutaneous inoculation, never developed syphilis. Taking this experi- 
mental evidence in conjunction with the fact that local disinfect! ve measures in 
human beings are comparatively valueless unless practised within an hour or two 
after exposure to infection, we may conclude that the spirochsetes rapidly invade 
the tissues, even though they give no clinical sign of their presence. During the 
primary stage of the disease, they are found in the local chancre, and can some- 
times be demonstrated in the blood. Thus, Uhlenhuth and Mulzer (1913) drew 
off the blood of patients with primary and secondary syphilis, defibrinated it, and 
injected it into the testicles and scrotum of rabbits ; the whole operation was 
completed within 10 minutes. Syphilis developed in 67 per cent, of the animals 
inoculated from patients with primary, and in 70 per cent, of those inoculated 
from patients with secondary syphilis. Spirochsetes are present in all the secondary 
lesions, and may be excreted in the semen (Uhlenhuth and Mulzer 1913). In the 
tertiary lesions such as gummata they are demonstrable, but only in small numbers ; 
their virulence, however, appears to be maintained. hToguchi and Moore (1913) 
found them in the brain of patients dying of general paralysis ; they were 
seen in all the layers of the cortex with the exception of the outer or neuroglial 
layer. In congenital syphilis spirochsetes are distributed in large numbers through- 
out the viscera, particularly the liver, lungs, spleen, and suprarenals. Both in 
congenital and acquired syphilis the organisms may remain latent for long periods 
of time without giving rise to any clinical manifestations of disease. 

Immunity to Syphilis. 

Immunity to syphilis resembles in many respects immunity to tuberculosis ; 
that is to say, it is an infection-immunity. So long as infection persists, and so 
long as living spirochsetes are present in the tissues, the infected person is rela- 
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tively resistant to furtlier infection. It is possible for a patient to develop two 
primary chancres, provided the second infection occurs before the development 
of the first chancre ; but once a primary chancre has developed, further infections 
almost invariably fail to give rise to a primary lesion. There is evidence to suggest, 
however, that this resistance to superinfection is more apparent than real, in 
the bacteriological sense. Though the second infection gives rise to no obvious 
symptoms of disease, the spirochsetes nevertheless appear to gain access to the 
body and to give rise to a latent infection of the tissues. 

Experiments indicate that immunity to superinfection is limited by vari- 
ous factors. Truffi (1910), for example, was able in some rabbits to produce 
a chancre by inoculation made as late as 12 days after the primary chancre 
.had developed. Kolle and Schlossberger (1926) found that, whereas rabbits 
reinfected with the same strain of spirochaete did not develop a second primary 
lesion, those infected with a heterologous strain frequently did so. And even 
when no second primary lesion developed, it was shown by inoculation experi- 
ments made with the lymphatic glands that the organisms had gained access to 
the tissues ; by the use of cross-protection experiments in two sets of rabbits, each of 
which was immunized against 1 strain only, it was shown that the homologous and 
the heterologous strains were present side by side in the same glands. According 
to Uhlenhuth and Grossmann (1928) the age and the virulence of the first in- 
fecting strain are of importance ; infection with a weakly virulent strain may 
not protect against subsequent infection with a more virulent strain. Working 
with apes Neisser (1906) succeeded in reinfecting 9 animals at periods varying 
from 44 to 301 days after the first inoculation. These and other experiments 
indicate that, though as a rule an infected animal is resistant to superinfection, 
in the sense that it does not develop clinical symptoms, it may on occasion prove 
susceptible ; and, even when it does not, it may yet allow the penetration of the 
organisms into its tissues ; its immunity to superinfection is largely a symptom- 
immunity. 

Other experiments support the view that infection may occur without the 
production of symptoms. 

Kolle and Evers (1926a) found, for example, that 10 out of every 100 rabbits inocu- 
lated into the scrotum failed to develop a primary chancre or to show glandular swelling. 
These animals were nevertheless infected ; the popliteal glands from 12 of these animals 
were inoculated into fresh animals from 82 to 199 days after infection, and in every instance 
they produced infection. In such animals the organisms generally lie latent in the glands, 
but occasionally they become active and give rise to lesions several months later. The 
same authors foimd that if rabbits containing a deposit of bismuth in their tissues were 
inoculated with syphilitic material, they developed no lesions whatever ; but if the 
bismuth was later removed by surgical means, typical S37philitic lesions developed 7 or 
8 weeks later. It would appear that the effect of the bismuth was not to prevent 
infection hut to suppress the development of lesions ; the spirochsetes gained access to 
the tissues, but remained latent till the bismuth was removed. In some animals, such 
as mice, inoculation with syphilitic material is usually without result ; no lesions develop. 
Yet by inoculation experiments on rabbits it has been shown that spirochaBtes are present 
in their tissues ^glands, spleen, and brain — ^for months after infection (Kolle and Schloss- 
herger 1928). There is evidence that the organisms actually multiply in the tissues 
of the mouse ; thus for 6 to 8 weeks after infection the organs jfrequently prove negative, 
but after that time, and apparently for the remainder of the mouse’s life, they are positive. 
Yet in spite of this development in the tissues, the organisms never give rise to symp-* 
fcoms of disease. 



IMMUNITY TO SYPHILIS 


1815 


Whether a true immunity both to clinical disease and to infection ever develops 
in rabbits is not clear. There is evidence that it may, but only in animals that have 
been infected for a long time. 

Brown and Pearce (1921) treated rabbits with arsphenamine shortly after the develop- 
ment of the primary chancre, and 5 days later reinocniated them with the same strain 
as was originally used. Nearly all the treated animals developed chancres, whereas the 
untreated controls did not. This indicates that animals treated in the early stage of 
the disease can be rendered fully susceptible again. Ohesney and Kemp (1925) obtained 
evidence suggesting that if treatment was begun early the animals almost always became 
susceptible to a second infection, whereas if it was begun late they generally proved 
refractory to a second infection. Further experiments (Chesney and Kemp 1926, Chesney, 
Halley, and Kemp 1927), however, seemed to show that the immunity to reinfection of 
rabbits treated late in the disease was not as complete as was originally supposed. Kolle 
and Prigge (1927) treated their rabbits with neosalvarsan in the late stage of the disease 
— 75 to 250 days after infection. Reinfection gave rise to no symptoms, but inoculation 
experiments showed that the spirochaetes had gained access to the tissues ; in non- 
reinfected controls the tissues proved sterile. This indicates that animals treated in 
the late stage of the disease, and cured of infection, remain clinically immune ; they 
develop no symptoms of disease on reinfection, but they are not sufficiently resistant 
to prevent the organisms from gaining access to the tissues. Uhlenhuth and Grossmann 
(1928) treated their rabbits with neosalvarsan in the late stage of the disease — 107 to 
506 days after infection. Reinfection with the homologous strain performed 3 to 10 
months after treatment gave rise to no symptoms ; and in only 4 out of 11 rabbits were 
spirochsstes demonstrated in the tissues. This indicates that a certain proportion of 
rabbits treated in the late stage of the disease remain both cHnioally and bacteriologically- 
resistant to fresh infection. Similar results have been recorded by Breinl (1935). 

Resuming the general findings, it may be said that untreated rabbits in the 
late stage of syphilis usually show a chancre-immunity to the homologous strain, 
even though there is no general immunity. That is to say, their immunity is 
sufficient to prevent the formation of a characteristic local lesion on reinfection, 
but is insufficient to prevent the development of the inoculated organisms in the 
tissues. Syphilitic rabbits treated with salvarsan within 45 days after infection 
only exceptionally develop a chancre-immunity ; those treated 45-90 days after 
infection frequently do so, while those treated later than 90 days after infection 
almost invariably do so. The real divergence of opinion between different work&s 
concerns the existence of a general spirochaetocidal immunity in rabbits treated in 
the late stage of the disease. Uhlenhuth and Grossmann (1928) are convinced that 
such an immunity does in fact develop, while KoUe and Prigge (1927, 1929, 1934) 
are as equally convinced that it does not. 

It would perhaps be sententious to suggest that the truth lies somewhere between 
the two, and that rabbits treated in the late stage of the disease are more immune 
than those, treated in the early stage, though not always sufficiently immune to 
withstand completely invasion by fresh organisms. The discrepancy between the 
results of the two main protagonists is probably more apparent than real. Indeed, 
in a more recent publication Grossmarm (1933) himself brings evidence to show that, 
though a general immunity does develop as the result of long-standing infection, 
it is of comparatively short duration. (See also Chapter 51.) 

How closely the immunity of human beings to syphilis resembles the immunity 
of rabbits is not known. Judging from clinical observations it would appear 
that the two are not dissimilar. There is no satisfactory evidence that a spon- 
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taneous cure occurs either in rabbits or in man ; once the organisms have given 
rise to active symptoms of disease, they remain latent in the tissues for an indefinite 
period. Every now and again they may become active, or they may remain 
permanently in the latent condition. Both rabbits and man can be cured if they 
are treated by salvarsan in the early stage of the disease ; in the later stages a 
complete cure is very difficult to attain. Even though in man the Wassermann 
reaction may be rendered temporarily negative, it frequently becomes positive 
again after treatment is stopped. 

It is very important to know whether patients with latent syphilis are infective, 
but unfortunately our knowledge on the subject is scanty. Animal experiments 
suggest that female rabbits suffering from latent syphilis may transmit the disease 
to healthy bucks ; but apparently no primary lesions develop as in the usual type 
of rabbit syphilis ; the spirochaetes can, however, be demonstrated in the regional 
glands {Kolle 1928, Albrecht 1930). Kolle thinks ‘that syphilis in human beings 
is often contracted in this way. Many persons are discovered in the course of 
routine examination to be suffering from syphilis who never suspected it, and who 
never showed evidence of a primary lesion. In Kolle’ s view such persons may have 
been infected by latent carriers of the disease, and have themselves acquired a latent 
infection without developing the usual primary lesions. 

Another view has been put forward by Levaditi (Levaditi et al. 1928) and his col- 
laborators. Starting from the observation that spirochsetes can only rarely be found 
microscopically in the focal glands of rabbits infected by the scrotal route, even though 
these glands are almost invariably infective to fresh animals, he supposes that the virus 
of syphilis undergoes a development cycle of which Treponema pallidum is only one of 
the stages. In certain rabbit lesions, particularly those that were undergoing retrogres- 
sion, he observed involution forms of the spirochsete, amongst which were minute granules 
only just visible by the microscope, pe supposes that the spirochsetes pass into a finely 
granular stage ; that these granules are more resistant to arsenic and its compounds ; 
and that they are responsible for latent infections in syphilis, and possibly for certain 
cases of tabes and general paralysis in which spirochsetes cannot be demonstrated. 
Similar hypotheses have been put forward by other workers, but the evidence in their 
favour is unsatisfactory. Van Haelst (1933), who has carefully studied the question, 
finds that the successful transmission of infection to rabbits is to a considerable extent 
determined by dosage. The inability to demonstrate spirochsetes in tabes may quite 
possibly be due to the very small number present in the tissues. If there is an ultra- 
microscopic phase of the organism, then filtrates of virulent organs should prove infective ; 
but according to Levaditi’s own findings they do not. 

Diagnosis. 

In the primary stage of the disease, Trep, pallidum may be demonstrated in the 
chancre. The superficial part of the lesion should be cleansed by gentle swabbing 
with sahne, and exudate should be drawn from the base of the chancre for exam- 
ination ; this may conveniently be obtained by applying a small suction-cup with 
• the usual rubber-ball attachment. The serous exudate should be examined under 
dark-ground illumination. The morphology of Trep. pallidum is described on 
p. 915. The eye-piece micrometer devised by Barnard (1923), with which an 
approximate measurement of the spirals can be made with ease and rapidity, 
forms a most useful aid in the identification of this organism. According to 
(xoldsworthy and Ward (1942), dark-ground illumination may be replaced by a 
simple stain, such as Victoria blue 4R, or carbol gentian violet in conjunction 
with the Fontana mordant. 
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It cannot be too strongly emphasized that the identification of Trap, pallidum 
in a primary chancre requires the expert knowledge which comes only with long 
experience. It depends on the recognition of fine difierences in morphology, without 
the assistance of characteristic difierences in staining reaction, or of confirmatory 
tests on pure cultures. It is fortunate that the primary penile chancre provides 
the large majority of cases which the bacteriologist is called on to examine, since 
the spirochsetal flora in such lesions is usually not copious, and consists mainly of 
species, such as Trep. refringens, which are readily diflerentiated from Trap, pallidum. 
Chancres in other situations, such as the lip, or primary genital chancres in the 
female, are far more likely to show a complex spirochsetal flora, including species 
closely resembling Trap, pallidum ; and, in such cases, the greatest caution should be 
observed in basing a diagnosis of syphilis on a microscopical examination alone. 
It happens that a penile chancre usually leads to a suspicion of syphilis at an earlier 
stage than a genital chancre in 
the female, or an extra-genital 
chancre in either sex ; so that 
the latter lesions tend to be over- 
looked in the early stages, and, 

by the time they have attracted ^ 

attention, the infection has usually 
reached the stage at which the 
Wassermann reaction is positive, 
thus providing a most valuable 
check on the result of the direct 
microscopical examination. 

In the early stage of the 
disease it is possible to demon- 
strate spirochaetes in excised 
lymph glands by inoculating them 
intratesticularly into rabbits, and 
following the progress of infection 
in these animals by the Kahn test 
and by dark-ground examination 
of the emulsified testicle. Neg- 
ative results, however, are often obtained in treated cases and even in old un* 
treated cases (Lake and Bryant 1930). The method is of academic rather than 
of practical interest. 




i^G. 296. — Treponema pallidum. 

In material scraped from a hard chancre. Fontana. 
(X 1000). 


Diagnostic Serum Reactions. 

The serum reactions employed in the diagnosis of syphilis have, on account 
of their clinical importance, been submitted to detailed and extensive study, out of 
all proportion to their general immunological interest. The literature is corre- 
spondingly copious and diffuse, and it is quite impossible to review it here, or to 
attempt any discussion of the various points at issue. We can give only a brief 
description of some of the available tests and a short discussion of their 
interpretation. 

The Wassermann Test. — ^Wassermann, Neisser and Bruck (1906), and Wasser- 
mann, Neisser, Bruck, and Schucht (1906) described a complement-fixation reaction, 
using as an antigen a watery extract of the Uver of a syphilitic fcetus. This test 
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was found to give positive results in persons suffering from syphilis, and negative 
results in normal controls. The syphilitic liver was selected as a convenient 
source of Tfep. 'palliduMt which had not then been cultivated ; and the reaction 
was at first supposed to be specific in the bacteriological sense. It was soon found, 
however, that this was not the case (Marie and Levaditi 1907), since extracts of 
normal liver gave identical results. Still better results were obtained when watery 
extracts were replaced by alcoholic extracts of various tissues, and it was shown 
that the reacting substance was contained in the lecithin fraction of the lipoids, 
which is soluble in alcohol but insoluble in acetone (Forges and Meier 1908). This 
so-called “ antigen is rendered more sensitive, as regards its reaction with syphilitic 
sera, by the addition of an alcoholic solution of cholesterol (Browning and Mackenzie 
1924). The antigen most commonly employed at the present time is an alcoholic 
extract of heart-muscle from the ox, calf, or man, from which the acetone-soluble 
fraction has been removed. To this alcoholic extract is added an alcoholic solution 
of cholesterol, so that the cholesterol content is 0-3--04 per cent. ; and the combined 
alcoholic solution is suitably diluted with saline. With this “ antigen ” a com- 
plement-fixation test is carried out in the usual way, and with the usual controls. 
The Wassermann reaction is, therefore, in no way specific in the bacteriological 
sense ; its basis is essentially empirical. It has been found in practice to be one of 
the most useful and reliable methods employed as laboratory aids to diagnosis ; 
but its diagnostic significance depends entirely on an observed correlation with 
clinical findings, for which there is, as yet, no satisfactory explanation. The 
methods of performing the test are legion (see Eeports 1918^^, 1924, 1929, 1934, 
Gumming et al. 1935, Vogelsang 1940) and many modifications have been suggested 
to increase its sensitivity. The principles are, however, in no way different from 
those outlined in Chapter 7, in connection with complement fixation in general. 

Three reagents are concerned in the actual reaction — antigen, patient’s serum, and 
complement. When these have been allowed to react for a suitable period — 1 hour at 
37° 0., or overnight in the ice-box — sensitized red cells are added, and the mixtures are 
incubated for 1 hour at 37° 0. to determine the presence or absence of haemolysis, indicat- 
ing he presence or absence of unabsorbed complement. To establish a positive reaction 
it must be shown {a) that the patient’s serum alone absorbs no complement, or at most 
a small fraction of that present in the test mixture ; (6) that the same is true of the 
antigen ; and (c) that the mixture of serum and antigen absorbs an amount of comple- 
ment greatly in excess of the sum of the small amounts absorbed by each of these 
reagents separately. Thus the essential tubes in carrying out a Wassermann reaction 
are (1) the antigen control, (2) the serum control, and (3) the test proper. The first 
control will serve for the whole series of tests carried out on any one day, the second 
must be put up for each serum tested. It is, however, obviously desirable to obtain 
a more accurate measme of the strength of the reaction than is possible by such a 
simple method as this ; and most of the methods in actual use are designed to yield 
a roughly quantitative result, which will enable the reactions to be graded into strongly 
positive, positive, weakly positive, doubtful, and negative. We may consider briefly the 
possible ways in which such results may be obtained, and the lines along which some 
approach to standardization may be sought. 

There are three variables involved in the reaction — ^antigen, serum, and complement ; 
clearly, we may obtain quantitative results by holding any two of these constant, and 
varying the third. Varying the antigen introduces factors which need careful recon- 
sideration in view of the recent advances in our knowledge of the importance of optimal 
relations in antigen-antibody reactions ; at the present time this method is seldom, if 
ever, adopted. With th6 amount of antigen held constant we may vary either the test 
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serum, or the complement. The latter method is very commonly employed, the serum- 
antigen mixtures being allowed to react in the presence of 3 and 5 or of 2, 4, 

6 and 8 M.H.D. In either case the serum and antigen controls are put up i;fith the 
smallest amount of complement employed in the test. In this way we grade the strength 
of a reacting serum in terms of the amount of complement which is fixed when a con- 
stant amount of serum (usually 0-5 ml. of a 1:5 dilution) is mixed with a constant 
amount of antigen (0*5 ml. of a suitable dilution), and the same volume of the suitably 
diluted guinea-pig’s serum is added to the mixture. 

‘An alternative method, advocated by several workers, is to hold antigen and comple- 
ment constant, and vary the amount of patient’s serum, testing it in progressive dilu- 
tions of, say, 1 : 2-5, 1:5, 1 : 10, 1 : 20, 1 : 40, though it is not usual to employ more 
than three dilutions. This method has the advantage of giving a direct measure of the 
concentration of the Wassermann-antibody in the serum under test. The serum control 
is, of course, put up with the largest amount of serum employed in the actual 
test. 

In either case it is necessary to standardize the complement. For this purpose a 
preliminary titration is carried out, to determine the minimal haemolytic dose. It is 
convenient to carry out this titration in duplicate. In the first series one volume of 
progressive dilutions of guinea-pig serum is added to two volumes of saline — 0*5 ml. is 
usually taken as “ one volume ” throughout ; in the second series the same dilutions 
of guinea-pig serum are added to one volume of saHne and one volume of the antigen 
to be used in the test. After 1 hour’s incubation at 37^ C., or a longer time in the ice- 
chest, one volume of a 5 per cent, suspension of red cells and one volume of a haemolytic 
serum, so diluted as to contain at least 5 M.H.D. of haemolysin, are added to each tube ; 
and both series are then incubated for 1 hom at 37° C. In this way we are able 
to determine the M.H.D. of complement (guinea-pig serum), before and after it has 
been allowed to react with the antigen. This obviates the necessity for any further 
antigen control, and enables us to detect any excessive anti-complementaiy action of 
the antigen, or any tendency of a particular specimen of guinea-pig’s serum to react 
with the antigen alone. If such a test shows any marked difference in the M.H.D. in 
the two series, it may be taken that either the complement or the antigen is unsuitable, 
and must be replaced by a more satisfactory sample. In the test itself it is usual to 
employ 3 M.H.D. of complement, if this reagent is to be held constant. The use of dried 
complement, or of complement preserved in acid saline (Richardson 1941), adds con- 
siderably to the convenience of the test. 

Precipitation Reactions, including the Kahn Test. — From our knowledge of the 
antigen-antibody reactions in general, we should expect that any reaction which 
gives complement fixation under a particular set of conditions will give visible 
precipitation if the conditions are properly adjusted. So far as the lipoid antigens 
and the serum antibodies involved in the Wassermann reaction are concerned, 
this is the case. The various methods for applying the precipitation test to the 
diagnosis of syphilis are scarcely less numerous than the modifications of the 
Wassermann reaction (Michaelis 1907, Meinicke 1907, Sachs and Georgi 1918, 
Vernes 1918, Dreyer and Ward 1921, Kahn 1922<3^, 6, 1928, Report 1923, Report 
1929, 1939, 1942, Hinton 1932, Kline 1932, Eagle 1932, Gumming et al. 1935, 
Rytz 1936, Laughlen 1935, 1938, Eappaport and Eichhorn 1943). For a general 
description of these tests, the monograph by Yogelsang (1940) may be consulted. 
A precipitation test possesses certain obvious advantages as compared with a 
complement-fixation reaction, for routine diagnostic purposes. It necessitates the 
use of two reagents only — serum and antigen. It is more easily standardized, 
and it is simpler to perform. The Kahn test, in particular, has been widely used 
during recent years. 
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The antigen employed in this test (Kahn 1928) is of the same general type as that 
used in the Wassermann test ; hut the preliminary extraction of the dried heart muscle, 
to remove the residual lipoid components, is carried out with ether instead of with 
acetone. The ether-extracted heart muscle is then extracted with alcohol, and cholesterol 
is added to the alcoholic extract. In preparing the antigen for use in the test, saline 
is added until an opalescent colloidal suspension is obtained, which disperses to give a 
clear solution on the addition of further saline, or serum. When the concentrations of 
the reagents are correctly adjusted, and flocculation is assisted by shaking, such an 
antigen, in the presence of a syphilitic serum, yields an almost immediate precipitate, 
while in the presence of a normal serum the solution remains clear and translucent. In 
the standard test three tubes are used. The amount of serum is kept constant (0-15 ml.), 
and the amount of antigen is varied (0-05 ml., 0*025 ml. and 0*0125 ml.). The tubes 
are shaken for 3 minutes, 1 ml. of saline is added to the first tube, 0*5 ml. to the second 
and third, and the results are read. In a weak reaction precipitation appears only in 
the third tube, with perhaps a trace of opalescence in the second ; that is, with a serum 
which contains httle “ antibody,” precipitation is inhibited by excess of antigen. 

More recently, Kahn (1940t&, h) has introduced a “ verification test,” in which the 
reaction is observed at both 1° C. and 37° C. It is based on the observation that reactions 
due to syphilitic antibody are generally stronger at 37° 0. than at room temperature, 
and that those due to non-syphilitic antibody are generally stronger at 1° C. than at 
37° C. The value of this test is still under discussion (see Chargin and Rein 1941). 

The Interpretation of the Diagnostic Serum Reactions. — This is a problem that 
requires the closest co-operation between the clinician and the clinical pathologist, 
and its full discussion is beyond the scope of this book. It is considered at length 
in many of the reports and papers referred to above. For our present purpose we 
need consider only the results obtained in the most recent systematic surveys. 

As a preliminary to any such discussion it is necessary to note the methods 
employed in recording and reporting results. The tests most frequently used do 
not permit a reading in terms of any titre, dilution or ratio, and their results cannot 
therefore be recorded numerically. The most common method of recording is to 
use an arbitrary combination of plus and minus signs. A strongly positive reaction 
may, for instance, be recorded as — | — | — 1~, a less strong reaction as +-1 — a 
moderate reaction as H — f-j ^ positive but weak reaction as +, a doubtful reaction 
as H — , or — h, and a frankly negative reaction as — . Sometimes other conven- 
tions are used, the plus and minus signs being combined differently, or the strongest 
reaction being awarded only two, or three, plus signs. Such a notation has nothing 
to recommend it. The conventional signs used by one pathologist differ from those 
used by another, and confusion results. Alternatively, words may be used instead 
of signs ; and we then have “ strongly positive,” “ positive,” ‘‘ weakly positive,” 

doubtful ” and '' negative reactions. This is a little better ; but there is much 
to be said for the contention (see Gumming et al. 1935) that a division into “ posi- 
tive,” doubtful ” and “ negative ” results gives the clinician all that he can gain, 
and simplifies the issue. Without some general agreement, these labels will of 
course be arbitrarily applied, and a proportion of the sera reported to be positive 
by one test, or one worker, will be returned as doubtful by another. The only 
way in which this difficulty could be reduced to a minimum would be to standardize 
the technique, and to issue standardized reagents from central laboratories (see 
Report .1934). 

Taking things as they are, we may inquire what actually happens when sera 
from syphilitic and non-syphilitic cases are submitted to difiPerent kinds of tests. 
We may take first a trial that was carried out in Copenhagen in 1928, under the 
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auspices of the Healtli Organization of tlie League of ^Tations. Sera from several 
hundred persons clinically diagnosed as suffering from syphilis, and several hundred 
diagnosed as non-syphilitic, were submitted to various serological tests carried out 
by skilled pathologists from different countries (see Eeport 1929). 

The significant figures taken from this report are tabulated, in a slightly modified 
form, in Table 178. The various modifications of the Wassermann reaction 
employed, or the various workers using this test, are designated as W.R.l, W.R.2, 
etc. The results obtained by the Kahn test are labelled Kahn 1 and Kahn 2. Other 
forms of precipitation tests are labelled P.1, P.2, etc. The results are recorded 
as “ positive,” doubtful ” or “ negative.” It will be seen that the reports on the 
clinically syphilitic cases vary rather widely, and that some of the workers recorded 
rather a high proportion of positive or doubtful reactions among the clinically 
non-syphilitic cases. Taking the results at their face value, and allowing for the 


TABLE 178 

RESirLTS OP COMPARATIYE TRIALS OP DlPPBEBU’T COMPLEMENT-FIXATION AND PRECIPITATION 

Tests. 






Syphilitic 


Non-syphilitic. 





Per cent. 


Per cent. 




Positive. 

Doubtful. 

Negative. 

Positive. 

Doubtful, 

Negative. 

W . R . 1 



28-2 

15-6 

56*2 

3-3 

8-6 

88‘2 

„ 2 



53*7 

2*9 

43-4 

10-7 

1-6 

87-7 

„ 3 



41-8 

15-5 

42-6 

— 

2-8 

97-2 

,, 4 



62*8 

12*9 

34-3 

6-7 

8*3 

85-0 

,, 5 



51-9 

13*0 

35-1 

5-5 

9-2 

85-3 

„ 6 



43-9 

U -2 

44-9 

1-4 

5-8 

92-8 

„ 7 



: 38*8 

11«4 

49*8 

— 

3-0 

97-0 

Kalml 



58*6 

5-4 

36-0 

0-7 

1*4 

97*9 

„ 2 



61-1 

6-6 

32*3 

— 

1-2 

98-8 

P. 1 . 



49-0 

76 

43*4 

21 

3-0 

94*9 

„ 2 . 



63-5 

9*0 

27-5 

0-2 

2-3 

97*5 

„ 3 . 



53-5 

14*0 

32-5 

0*5 

8^8 

90-7 

„ 4 . 



43-0 

1 4-7 

52*3 

— 

0*2 

99-8 

, , 5 . 



52-5 

4-3 1 

43-2 

— 

0-2 

99*8 

„ 6 . 



51-2 

15-1 

33-7 

1-4 

8-1 

90*6 

„ 7 . 



40-1 

14*3 1 

1 

45*6 

0-6 

10-2 

89-3 


fact tliat'niany of the clinically syphilitic cases were clearly not in a stage in which 
they would give a positive serum reaction, WK.3 with 42*6 per cent, of negatives 
among the clinically syphilitic, and 97*2 per cent, among the non-syphilitic has given 
satisfactory results. Both series of Kahn tests do better than this, and so does P. 2. 

The variability of the results with sera horn clinically syphilitic patients, and the 
relatively high proportion of negative results, are not surprising ; because all stages 
and types of syphilis were included, and it is well known that the proportion of 
positive reactions varies widely in different stages and types of the disease. Boas, 
for instance (see Reports 19186, 1919), records 59 per cent, of positive results 
in primary syphilis, 90 per cent, in secondary syphilis, 81: per cent, in tertiary 
syphilis, 72 per cent, in tabes, and 99-3 per cent, in general paralysis of the insane. 
It is in the type of case that shows a relatively low proportion of positive reactions. 
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and a relatively Mgli proportion of doubtful reactions, that most discrepancies will 
occur. 

A report by tbe Public Health Service of the United States (see Gumming et al 
1935) gives valuable figures. 

Table 179 has been constructed from the data contained in this report and 
records the percentage of positive results obtained by various tests, and by various 
workers, in the examination of sera from syphilitic patients in various stages 
of the disease, and from normal persons showing no evidence of syphilis. The 
notation used is the same as in Table 178 ; but it should be noted that Kahn 2 
and Kahn 3 refer to modifications of the standard Kahn test, and that the W.R.l, 
P. 1, etc. of one table are not identical with the W.E. 1 and P. 1 of the other. 


TABLE 179 

Results of Comparative Trials of Different Complement-fixation and Precipitation 

Tests 



Percentage •of Sera reacting positively. 


Untreated 

Untreated 

Late Syphilis. 

Normal. 

Non-syphilitic. 


Primary 

SypMlis. 

Secondary 

Syphilis. 

Varying 

Treatment. 

W.R. 1 

53-7 

100 

66*6 

0-0 

„ 2 

65-9 

100 

72-1 

0-0 

„ 3 

82-5 

100 

86-4 

0-7 

,,4 

69-8 

100 

68-0 

0-0 

Kahn 1 

76-7 

100 

76-9 

0-0 

„ 2* 

82-9 

100 

84-3 

3-3 

.,3* 

80-5 

100 

83-0 

0*7 

P. 1 

721 

100 

82*4 

2-0 

„ 2 

81-0 

100 

84-5 

! 0-7 

„ 3 

58-1 

98-4 

64*5 

i 3*3 

„ 4 

74-4 

100 , 

71-5 

00 

„ 5 

72-1 

98*6 

83-6 

1-3 

»» 

70^7 

98-4 

631 

0-7 


* See text. 


It will be noted that the proportion of positive results is, on the average, far 
higher than in the Copenhagen trial ; but this may well be due in large part to 
the nature of the cases examined. Most of the workers recorded 100 per cent, of 
positives in the untreated secondary cases ; but the percentage of positives recorded 
in the untreated primary infections ranges from 53*7 per cent, to 82-9 per cent., 
and in the tertiary cases from 58*0 per cent, to 86*4 per cent. (For a further 
series of comparative trials, see Parran et al. 1937.) 

More useful information is obtained by making a comparison, not between 
syphilitic and normal persons, but between persons suffering from syphilis, and 
persons suffering from some other disease. Very extensive studies have been made 
along these lines with results that may be summarized as follows. There is general 
agreement that yaws, which is closely related to syphilis in its aetiology, responds 
in much the same way to various serum tests. Cases of leprosy give a lower, but 
still relatively high, proportion of positive reactions. It has often been stated that 
patients suffering from malaria tend to give positive reactions ; but here there has 
been a considerable conflict of evidence. The same is true of sleeping sickness. 
Some observers have recorded a small proportion of positive reactions in tuberculosis, 
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some in febrile conditions, and some in pregnancy. TKe trial carried out by the 
Public Health Service of the United States provides information on several of these 
points, and Table 180 has been constructed from the relevant data, including 
all the syphilitic cases, and the normal persons, from Table 179. 


TABLE 180 

Results op Comparative Trials of Different Complement-fixation and Precipitation 

Tests. 



Percentage of Sera giving positive reactions. 


SypMlis 
all Stages. 

Leprosy. 

Malaria. 

Tubercu- 

losis. 

Pever. 

Pregnancy. 

Normal. 

W . R . 1 . 


70-5 

44-0 

14*3 

1*9 

2*2 

00 

0*0 

„ 2 , 

. 

75-9 

64*0 

194 

20 

2*2 

0*0 

0-0 

„ 3 . 

. 

88-2 

62-0 

20*6 

7*5 

2*2 

3*8 

0*7 

„ 4 , 


65-8 

42-0 

17*1 

1*9 

0-0 

0*0 

0-0 

Rahnl . 


80*5 

60-0 

114 

1*9 

0-0 

0-0 

0*0 

„ 2 *. 


86-6 

76-0 

16*7 

7*7 

2*2 

1*9 

3*3 

M 3 * 


854 

68-0 

194 

1*9 

0-0 

0-0 

0*7 

P. 1 . . 


84-1 

72-0 

12*1 

1*9 

0-0 

j 0*0 

; 2-0 

„ 2 . . 


86-6 

40-0 

11*1 

5*7 

2*3 

1 1*9 

i 0*7 

„ 3 . . 


69-0 

58-0 

114 

5*7 

4*3 

1 3-7 

I 3-3 

„ 4 . . 


76-3 

66-0 

14*3 

1*9 

0-0 

! 0-0 

1 0-0 

„ 5 . . 


84-7 

70-0 

11*1 

7*5 

i 8*9 

1 0*0 

1 1*3 

„ 6 . . 


694 

52-0 

8-6 

0*0 

1 0*0 

1 0*0 

1 

0*7 


* See text. 


It wiU be noted that the frequency of a positive reaction in leprosy is amply 
confirmed, that malaria yields an appreciable proportion of positive results, and 
tuberculosis far less, while the figures for febrile conditions and pregnancy differ but 
little from the normal. Another point will be noticed. On the whole, though there 
are exceptions, a test that tends to give a high proportion of positive results with 
sera from syphilitic patients, tends also to give a relatively high proportion of 
positive results with sera from those suffering with other diseases (see, for instance, 
W.R.3, Kahn 2, P.2 and P.5), while a test that gives a low proportion of positives in 
one case tends to do so in the other (see W.R.d and P.6). Here, again, the standard 
Kahn test gives satisfactory results. 

It is clear that there is not a great deal to choose between diagnosis by com- 
plement fixation and diagnosis by a precipitin reaction, so far as reliabihty is 
concerned. By either method there will be a certain range of variation in the 
results recorded by different workers, unless one standardized technique carried 
out with standardized reagents is to be enforced. In any case, the onus of inter- 
preting the test must rest with the clinician, when he has made due allowance for 
the stage of the disease, if the case is one of syphilis, and for the possible or probable 
existence of one of the infections that may sometimes induce similar changes in the 
serum. For a discussion of the causes of discrepancies in the results of the Wasser- 
mann and Kahn tests, the reader is referred to an article by Berger and Sutherland 
(1944). 

As a general worMng rule, and excluding cases of yaws and leprosy, it may be 
stated that, in a suspected case of primary syphihs, in the period between the first 
appearance of the chancre and, the development of the secondary rash, a positive 
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leaction will conjBxm the diagnosis, but a negative reaction will by no means contra- 
dict it. The latter is particularly true during the first 2 or 3 weeks after the chancre 
appears. In a case which, on clinical grounds, is regarded as secondary syphilis, 
a negative reaction tells very strongly against the provisional diagnosis. In such 
cases the test should always be repeated ; and, if the second test is also negative, 
the diagnosis should be very carefully reconsidered. A persistently negative 
reaction, lasting through this stage, may be taken as practically excluding syphilitic 
infection. In tertiary syphilis, with the exception of general paralysis, and perhaps 
of syp hili tic aneurysm, a negative reaction cannot be regarded as excluding the 
diagnosis, though it may tell definitely against it. 

The use of the Wassermann reaction in the control of treatment is too complex to 
be considered here. Broadly, it may be stated that, in a case which comes under treat- 
ment early, and which is efficiently treated, the Wassermann reaction becomes negative 
and remains so ; while in a case which escapes treatment during the early stages, or 
which is inefficiently treated during this period, it is extremely difficult, if not impossible, 
to produce a permanently negative Wassermann reaction by treatment administered 
several years after infection has been contracted (Browning and Mackenzie 1924, Report 
1926). 

It may be added that the tests used in the examination of the blood serum may 
also be applied to the cerebrospinal fluid in suspected cases of neuro-syphilis ; though 
certain of the precipitin tests give rather poor results when used for this purpose (see 
Gumming et al. 1935). 

Such examinations should, of course, be controlled by examination of the fluid for 
cells, proteins, type of colloidal-gold curve and so on. 

A diagnostic agglutination test has been described by Tani (1940), in which 
the patient’s serum is mixed with a suspension of spirochaetes prepared by the 
treatment of syphilitic rabbit’s testicle with weak antiformin ; but it is too early 
as yet to say whether it will prove of value in practice. 

Prophylaxis and Treatment. 

We do not propose ^to discuss the various hygienic methods that have been 
advocated for the prevention of syphilis. 

Bacteriological methods of prophylaxis do not exist. Animal experiments 
indicate that it is difficult or impossible to protect animals by vaccination with dead 
spirochaetes against subsequent infection with living organisms (Uhlenhuth and 
Mulzer 1913, Grossmann 1929). Immune bodies have been demonstrated in the 
blood of infected animals, but so far the transference of passive immunity has been 
unsuccessful. Metchnikoff and Roux (1904a) obtained some evidence that apes 
inoculated with a weakly virulent strain of syphilis were protected against sub- 
sequent inoculation with a fully virulent strain, but the results were not conclusive. 
Treatment with salvarsan is successful in curing the disease in the early stages, 
but once the secondary stage has passed, definitive cure appears to be impossible. 

A new method of treatment is now on trial, namely, that of hyperpyrexia or pyro- 
therapy. Tre'p. 'pallidum is apparently more susceptible to heat than are the tissue 
cells, and evidence has been obtained that by raising the body temperature to 41*5°- 
42° C. it is possible in experimentally infected rabbits to destroy the spirochaetes in vivo 
(see Carpenter, Boak, and Warren 1932). The hyperpyrexia may be produced either 
by simple heat, by short-wave radiation, or in certain other ways. It is too early yet 
to say what value the method is likely to have in practice, but promising results have 
been reported (see Simpson 1935). A single treatment cannot be relied upon to kill all 
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spirochetes, but the method may prove useful in conjunction with chemotherapy (Boak 
et al, 1942). 

More recently the introduction of penicillin has led to revolutionary ideas on 
the treatment of syphilis. A single course of one week’s treatment seems to be 
capable in suitable cases of bringing about complete disappearance of the lesions, 
but it would be premature at the moment to attempt to evaluate this mode of 
treatment in terms of permanent cure. 

Rabbit Syphilis. 

Rabbit syphilis is a naturally occurring venereal disease of rabbits due to the 
spirochsete Treponema cuniculL The disease was first described by Boss (1912) 
and the spirochsetes were first observed by Bayon (1913). The incidence of the 
disease in wild rabbits varies considerably ; according to some authorities as many 
as 20-40 per cent, in this country are affected. In hutch rabbits the disease is less 
common ; Adams, Cappell, and McCluskie (1928) noticed it in 14 out of 228 rabbits. 
The lesions consist of small scaly patches, often slightly eroded and covered with 
a brownish crust, situated on the genitals or in the perineal region. Sometimes 
the nostrils or eyelids are affected. The spirochsetes are found in large numbers 
in scrapings from the lesions and in sections ; they are confined apparently to the 
superficial layers. The disease can be reproduced in normal rabbits by inoculation 
of an infective tissue suspension on to the scarified skin of the genital region ; trans- 
mission can also be effected by mating, but with less constancy. The incubation 
period is from 2 to 8 weeks ; once established, infection persists for months. In 
males spontaneous cure usually occurs, but in females the disease is very chronic. 
Rabbits suffering from rabbit syphilis can be infected with human syphilitic material, 
indicating that the two diseases are not identical (Noguchi 1922), Trep. cunimli is 
morphologicallyindistinguishable from Trcp. though Noguchi (1922) says 

it is perhaps a trifle thicker and longer than the average pallidum. Like pallidum 
it stains rose-red with Giemsa. The disease is readily cured by intravenous in- 
jection of salvarsan, or by local application of Unguentum hydrargyri. (For 
further information on the disease and the properties of the causative organism, see 
Bessemans 1928, and Bessemans and de Geest 1928.) 

YAWS 

Yaws is a contagious inoculable disease characterized by the appearance of 
papules, which generally develop into a fungating, encrusted, granulomatous 
eruption (Manson 1914). It is widely diffused throughout the tropics, and occurs 
in its typical form only amongst the dark-skinned races. The causative organism, 
Treponema pertenue, was discovered by Castellani in 1905. It is a spirochsete 
morphologically indistinguishable from Trep, pallidum. Yaws occurs particularly 
in childhood. The commonest site for the primary lesion is on the lower extremities. 
The secondary eruption usually appears 2--4 weeks later. The disease is not as a 
rule of venereal origin. Some observers believe that infection occurs through the 
skin and is carried by gnats. Patients with yaws give a positive Wassermann 
reaction. The disease is curable by salvarsan and is amenable to treatment with 
mercury and potassium iodide. 

The main interest of yaws is its relationship to syphilis. Many experienced 
clinicians are of the opinion that yaws is syphilis modified by race and climate. 
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Tiiere is evidence tliat yaws protects against sypMlis. Parham (1922), for 
example, never once observed syphilis in the Samoans, in spite of their close contact 
with Europeans ; since nearly all Samoans are stated to have yaws in childhood, he 
argues that the disease must protect them from syphilis in adult life. Similarly 
Wilson and Mathis (1930), who in a period of 9 years in Haiti saw 45,000 cases of 
yaws and 300 cases of syphilis, only once met with an undoubted case of syphilis 
in a patient who had previously suffered from yaws. Further evidence is necessary, 
however, to determine the relationship between these two diseases. 


REFERENCES 

Adams, D. K., Cappell, D. F., and McCluskie, J. A. W. (1928) J. Path. Bact., 31, 157, 
Albrecht, B. (1930) Dtsch. med. Wschr., 56, 93. 

Barnard, J. E. (1923) Brit. J. exp. Path., 4, 68. 

Baton, H. (1913) Brit. med. J., ii. 1159. 

Berger, F. M. and Sutherland, P. L. (1944) J. Path. Pact., 56, 237. 

Bessbmans, a. (1928) C. R. Soc. Biol., 99, 331. 

Bess:i?mans, A. and Geest, B. de. (1928) G, R. Soc. Biol., 99, 334. 

Boak, R. a.. Carpenter, C. M., Jones, N., Kampmeier, R. H., McCann W. S., Warren 
S. L., and Williams, J. R. (1942) Amer. J. Syph., 26, 291. 

Breinl, F. (1935) Z. ImmuniForsch., 84, 195, 

Brown, W. H. and Pearce, L. (1921) J. exp. Med., 83, 553. 

Browning, C. H. and Mackenzie, I. (1924) “ Recent Methods in the Diagnosis and Treat- 
ment of Syphilis.” 2nd Edit., Lend. 

Carpenter, C. M., Boak, R. A., and Warren, S. L. (1932) J. exp. Med., 56, 751. 
Castellani, a. (1905) Brit. med. J., ii. 1280. 

Chargin, L. and Rein, C. R. (1941) Arch. Derm. Syph., N.Y., 44, 1031. 

Chesnet, a. M., Halley, C. R. L., and Kemp, J. E. (1927) J. exp. Med., 46, 223. 
Chesney, a. M. and Kemp, J. E. (1925) J. exp. Med., 42, 17, 33 ; (1926) Ibid., 44, 589. 
Gumming, H. S., Hazbn, H. H., Sanford, A. H., Senear, F. E., Simpson, W. M., and 
VoNDERLEHR, R. A. (1935) J. Amer. med. Ass., 104, 2083. 

Dreyer, G. and Ward, H. K. (1921) Lancet, i. 966. 

Eagle, H. (1932) J. Lab. din. Med., 17, 787. 

Goldsworthy, N. E. and Ward, H. K. (1942) J. Path. Pact., 54, 382. 

Grossmann, H. (1929) Z. ImmunForsch., 470 ; (1933) Ibid., 79, 495. 

Haelst, j. van. (1933) Arch. int. Med. exp., 8, 643. 

Haensell, P, (1881) V, Qraefes Arch. Ophth^., 27, 93. 

Hinton, W. A. (1932) J. Lab. din. Med., 18, 198. 

Kahn, R. L. (1922a) Arch. Derm. Syph., N.Y., 5, 570, 734 ; (1922&) Ibid.^ 6, 332 ; (1928) 
“ The Kahn Test.” Baltimore ; (1940a) Arch. Derm. Syph., Chicago, 41, 817 ; (19406) 
J. Lab. din. Med., 26, 139. 

Klebs, a. C. (1932) Science, 75, 191. 

Kline, B. S. (1932) “ Microscopic Slide Precipitation Tests for the Diagnosis and Exclusion 
of Syphilis.” Bailli^re, ' Tindall and Cox, London. 

Kollb, W. (1928) Zhl. Baht., 106, 134. 

Kolle, W. and Evers, E. (1926a) Dtsch. med. Wschr., 52, 567 ; (19266) Ibid., 52, 1076. 
Kolle, W. and Prigge, R, (1927) Dtsch. med. Wschr., 53, 1499 : (1929) Ibid., 65. 985 ; 

(1934) Med. KUnik, 30, 46. . » v ; , , , 

Kolle, W. and Scelossberger, H. (1926) Dtsch. med. Wschr., 52, 1245 ; (1928) Ibid., 
64, 129. 

Lake, G. C. and Bryant, K. K. (1930) Nat. Inst. Hlth, Wash., Bull. No. 167. 
Laughlen, G. F. (1935) Ganad. med. Ass. J., 33, 179 j (1938) Ganad. publ Hlih J., 29. 396. 
Levaditi, C., Schoen, R., and Sanohis-Bayakri, M. V. (1928) Ann. Inst. Pasteur, 42, 476. 
Manson, P. (1914) ‘‘Tropical Diseases.” London. 

Marie, A. and Levaditi, C. (1907) Ann. Inst. Pasteur, 21, 138. 

Meinecke. (1907) Berl. Min. Wschr., 44, 1477. 

Metohnikoff, E. and Roux, E. (1903) Ann. Inst. Pasteur, 17, 809 ; (1904a) Ibid., 18. 1; 

(19046) I6id(., 18, 657 J (1906) /6f(2., 19, 673. 

Miohablis. (1907) Berl. Min. Wschr., 44, 1477. 

Neisseb. (1906) “ Die experimentelle Syphilisforsclnmg.” Berlin. 

Noguchi, 3S. (1922) J. exp. Med., 86, 391. 

Noguchi, H. and Moobb, J. W. (1913) J. exp. Med., 17, 232. 

Parham, J. C. (1922) Amer. J. Prop. Med., 2, 341. 



SYPHILIS, BABBIT SYPHILIS AND YAWS 


1827 


Parban, T., Hazbit, H. H., Mahoney, J. F., Sanford, A. H., Senear, F. E., Simpson, 
W. M., and Vondeelehr, B. A. (1937) J, Amer. nied. Ass., lOS* 425. 

Forges, 0. and Meier, G. (1908) Berl. Jdin. Wsckr., 45, 731. 

Bappaport, F. and Eichhorn, F. (1943) Lancet, i. 426. 

Reports. (i918a) Spec, Rep. Set. med. Res. Coun., Land., No. 14 ; (19186) Ibid., No. 21 , 
(1919) Ibid., No. 23 ; (1923) Ibid., No. 78 ; (1924) L. o. N. Hlth Organization, 05Mo, iii; 
(1926) Spec. Rep. Ser. med. Res. Conn., Lond., No. 107 ; (1929) L. o. N. P%ibl., 3, 3. (2nd 
Lab. Confer, on Serodiag. Syphilis.) ; (1934) Amer. J. puhl. Hlth., 24, 727 ; (1939) 
Vener. Dis. Inform., III., Suppl. No. 9 ; (1942) Ibid., 23, 161. 

Richardson, G. M. (1941) Lancet, li. 696. 

Ross, E, H. (1912) Brit. med. J., ii. 1653. 

Rytz, F. (1936) J. Lab. din. Med., 21, 934. 

Sachs, H. and Georgi, W, (1918) Med. KUnik, 14, 805. 

SoHAiJDiNN, F. and Hoffmann, E. (1905) Arb. ReichsgesundhA?nt., 22, 527. 

ScHUBBBG, A. and Sohlossberger, H. (1930) Klin. WscJir., 9, 499. 

Simpson, W. M. (1935) J. Amer. med. Ass., 105, 2132. 

Stokes, J. H. (1931) Science, 74, 502. 

Tani, T. (1940) Japan. J. exp. Med., 18, 11. 

Trhffi, M. (1910) Zhl. Bakt., 54, 337. 

Uhlenhuth, F, and Geossmann, H. (1928) Z. ImmunForsch., 55, 380. 

Uhlenhuth, P. and Mulzer, P. (1913) Arb. ReichsgesundhAmt., 44, 307. 

Vernes, a. (1918) a R. Acad. Sci., 166, 575. 

Vogelsang, T. M. (1940) “ Sero-diagnostic de la Syphilis.” J. W. Eides, Bergen. 
Wassermann, a., Neisser, a., and Betjck, C. (1906) Dtsch. med. Wschr., 32, 745. 
Wassermann, a., Neisser, A., Brhck, C., and Schucht, A. (1906) Z. Hyg. InfeUKr. 
65 451. 

Wilson, P. W. and Mathis, M. S. (1930) J. Amer. med. Ass., 94, 1289. 



CHAPTER 82 


WEIL’S DISEASE AND OTHER LEPTOSPIEAL DISEASES : 
RAT-BITE FEVER 

Since tie discovery by Japanese workers in 1915 of Leptospira icteroJicemorrhagicB 
as the cause of Weil’s disease, an increasing number of infections due to leptospirie 
have been recognized in different parts of the world. Many of them differ in their 
clinical picture from Weil’s disease, and have been given distinctive names, such 
as swamp fever, 7-day fever, autumn fever, and so on. As so often happens, the 
finding of new species similar to that responsible for a well-known disease has 
created difficulties in terminology. Are we to use the name by which the disease 
has been described ; or is it better to select an all-embracing term such as Lepto- 
spirosis, qualifying this, perhaps, as Walch-Sorgdrager (1939) suggests, by adding 
the specific name of the causative organism, so that we have Leptospirosis grippo- 
typhosa. Leptospirosis hebdomadis, Leptospirosis autumnalis ? Our personal 
preference is, wherever possible, to retain the original name of the disease, even 
though it means extending the clinical picture beyond that originally described. 
When the same name has been given to a disease caused by two different organisms, 
as for example the autumn fever of Japan and the autumn fever of Australia, it 
may be wise for the sake of clarity to mention the name of the causative leptospira, 
e.g., autumn fever of the autumnalis or the pomona type. If we give way to the 
modern tendency of calling every disease after the generic name of the causative 
organism, not only shall we have an increase in the abeady too abundant and 
monotonous “ oses ” diseases, such as staphylococcosis, streptococcosis, rickettsiosis 
and so on, but we shall have to abandon the names of age-long familiarity, such 
as scarlet fever, diphtheria, dysentery, plague, influenza, and typhus fever. 

WEIL’S DISEASE 

Synonym ; Spiroehcetosis icterohcemorrhagica 

Weil’s disease is a fairly widespread and not uncommon disease, which frequently 
assumes prominence in war-time. During the American War of Secession, 1861-65, 
over 70,000 men contracted infectious jaundice, that is between 2-0 and 2-5 per cent, 
of the total strength (Uhlenhuth and Fromme 1916). In the first world war it was 
common on the Western front, affecting both German and Allied troops (Uhlen- 
huth and Eromme 1916, Stokes a al. 1917, Martin and Pettit 1919). The disease 
was reported in Scotland in 1923 amongst the coal-miners of the East Lothian 
district. It appears to be fairly common in South America. It is frequently 
met with in Sumatra (Sardjito and Zuelzer 1929), and has been observed in the 
Andaman Islands (Brown 1928, Taylor and Goyle 1931). It is very common in 
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Japan, where in 1933 there were as many as 1,636 cases. The United States seems 
to suffer but little. In Europe, Holland and France appear to have the highest 
incidence rate, but statistics of the real prevalence of the disease are unobtainable 
(see Report 1934). In Great Britain it is endemic in sewer workers (Fairley 1934, 
Alston and Brown 1935, Stuart 1939) and in those engaged in washing fish (David- 
son et al. 1934, Davidson and Smith 1936, Smith and Davidson 1936). 

The incubation period of the disease is 5 to 7 days as a rule, rarely as long as 
13 days (Inada 1917). In the first or febrile stage, which lasts for 6 or 7 days, 
there is high fever, conjunctival congestion, muscular pains, and albuminuria. 
In the second or icteric stage, which lasts from the 7th to the 13th day, jaundice 
appears, there is a tendency to haemorrhage, and death may occtir. The third 
stage, or stage of convalescence, is marked by the gradual subsidence of the jaundice 
and other symptoms ; it may be interrupted, however, by a secondary fever 
(Inada 1917). The mortality of the disease varies in different epidemics ; in Japan 
it varies from 4-6 to 32 per cent. (Inada et al. 1916, Report 1934) ; on the western 
front during the war of 1914-18 it was under 6 per cent, amongst the British, and 
13 per cent, amongst the German troops (Stokes et al. 1917, Uhlenhuth and Fromme 
1918) ; in the Scottish outbreak it was about 25 per cent. (Buchanan 1927). 

The disease varies considerably in its symptomatology. In something like 
60 per cent, of cases no jaundice occurs (Schiiffner 1934) ; these cases are never 
fatal. Infection may take the form of a serous meningitis, unaccompanied by 
the usual symptoms of Weil’s disease (for references see Walch-Sorgdrager 1939) ; 
this form is likewise seldom fatal. 

The disease is due to infection with a spirochaete that was first described in 
1915 by Inada and his colleagues in Japan (Inada et al 1916). The usual name 
for this organism is Leptospira icterohcemorrhagice, but in Germany it is generally 
referred to as Spirochceta icterogenes (see Chapter 38). A few cases appear to be 
caused by Lepto. canicola — a closely allied species that is normally a pathogenic 
parasite of the dog (Schuffner 1934). 

In man the spirochaetes are widely distributed in the body during the 1st week 
of the disease, and can generally be demonstrated in the blood by guinea-pig 
injection, and occasionally by microscopical examination. After the 7th to 9th 
day they leave the blood and appear in the urine, at first in very small numbers, 
but gradually increasing till during the 3rd and 4th weeks they can be found 
microscopically by dark-ground illumination in the majority of cases. They 
persist in the urine for a variable time, but can rarely be found after the end of 
the 5th week. In patients dying during the febrile stage of the disease spiro- 
chsetes can be demonstrated microscopically in the kidney, liver, adrenals, spleen, 
testicle, lymphatic glands, voluntary and cardiac muscle, and arterial walls ; 
less frequently in the lung, pancreas, intestine, nervous system, and skin (Inada 
et al. 1916). If death occurs during the 2nd week or later, the chief organ in 
which spirochaetes are found is the kidney ; in the other organs they are less 
numerous or absent. 

Occupational Incidence. — Weil’s disease occurs chiefly in damp, badly drained, 
rat-infested situations. Thus in Japan it was noticed that the disease occurred 
in coal mines ; that only the miners who worked in a particular section of the 
mines were affected ; that this section was under water ; and that when the water 
was pumped out, no more oases occurred (Inada et al. 1916). Later, it was noticed 
that cases never occurred in coal mines when the soil was acid ; on the other hand 
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they were niimcroTis in coal mines on an alkaline soil (Ido et al. 1917a). Experi- 
ments have shown, in this connection, that the organisms are rapidly killed by a 
weakly acid solution. On the western front in 1914-18 Stokes (Stokes et al. 1917) 
observed that the cases occurred mainly amongst the troops in the trenches ; 
at the base they were very uncommon. Most of the cases, moreover, occurred in 
small sections of trench that were particularly wet and badly drained. Rats taken 
from one of these sections were found to contain pathogenic leptospirae in the 
kidneys. Similar observations were made in the German Army (Uhlenhuth and 
Zuelzer 1921). Again in Scotland, Buchanan (1927) observed the disease amongst 
coal miners in the East Lothian district ; pathogenic leptospirse were found in 
the roof slime of a mine, and similar leptospirae, the pathogenicity of which was 
not determined, were frequent in pit and surface waters ; infected rats were likewise 
found in the mines. In the' Andamans, cases are practically confined to adult 
males engaged in outdoor occupations that necessitate working in water and mud 
for prolonged periods, such as in the rice fields (Taylor and Goyle 1931). In Holland 
the majority of the cases are contributed by swimmers, bargemen, fishermen, 
slaughter-house workers, and persons who by accident or with suicidal intent fall 
into canals, and are nearly drowned after swallowing large quantities of water 
(Schtifiner 1930, 1934). In this country, as has already been stated, sewer workers 
and those engaged in washing fish are specially liable to the disease. 

One very instructive water-borne outbreak is on record (Jorge 1932). It occurred 
in the north-east quarter of Lisbon in 1931, and involved at least 126 persons in 
the space of a month. Infection was traced to a particular fountain, the water 
of which during its passage underground in an open conduit had apparently been 
contaminated by rats from a neighbouring sewer. The case mortality of this 
epidemic was 24*6 per cent. 

Mode of Transmission. — The mode of transmission of Weil’s disease is not 
known with certainty, but there is strong reason to believe that infection takes 
place directly or indirectly by contamination of the abraded skin or of a mucous 
membrane, such as that of the eye, nose, or mouth, with rats’ urine. The occu- 
pational incidence, which has just been referred to, affords striking evidence in 
favour of this conclusion, since contact with presumably contaminated water or 
sewage seems to be common to all types of persons attacked. Further evidence 
is provided by consideration of the frequency with which leptospirae are found 
in apparently normal rats. Occasional cases follow an actual rat bite (see Alston 
and Brown 1937). 

Infection of Rats. — It has been established by numerous workers that the rat — 
particularly Rattus norvegicus — is a very frequent carrier of pathogenic leptospirse. 

In Japan 40*2 per cent, of 149 rats of this species were found infected (Ido et al, 1917a) ; 
in England 30 per cent, of 100 wild rats (Balfour 1922, Stevenson 1922) ; in Scotland 
36'7 per cent, of 166 wild rats (Buchanan 1927) and 27*3 per cent, of 117 wild rats (Smith 
1938) ; in Berlin 10 per cent, of rats (Uhlenhuth and Zuelzer 1921) ; in Toronto 37 per cent. 
(Cameron and Irwin 1929) ; in Freiburg 44 per cent. (Zimmermann 1930) ; in Moscow 
12 per cent. (Ssinjuschina 1929) ; and in Kiew 31 per cent. (Basilewsky 1933). In Rotter- 
dam, where oases of Weil’s disease are fairly common, from 7 to 40 per cent, of all rats 
examined have proved to be infected (Schiiffner 1934). The frequency of infection depends 
largely on the age of the rat. Young rats are seldom infected, while over 60 per cent, 
of adult rats may harbour the spirochaetes. The black rat rarely acts as a carrier. Field- 
mice are not uncommonly infected (Ido et al, 1917a, Buchanan 1927). 
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The spirochetes are found in the kidney and the urine, not in the blood or 
liver. Intraperitoneal injection of rat’s urine, even in small amounts, 0* 1-0*2 ml., 
into guinea-pigs may give rise to fatal haemorrhagic jaundice. Not all specimens 
of rat’s urine in which leptospirae are visible microscopically prove infective ; this 
is probably dependent on the acidity of the rat’s urine, which rapidly proves fatal 
to the organisms. The same applies to the effect of human urine ; only in one- 
third of cases of Weil’s disease does the urine prove to be infective. Uhlenhuth 
and Zuelzer (1921) found that fresh human or rat’s urine rapidly killed the spiro- 
chsetes ; but if the urine was neutralized, the organisms remained virulent for 
2 days. 

Leptospirae in Water. — In view of the frequency of infection of rats’ urine, it 
should be possible to demonstrate the presence of Lepto. icterohcemorrhagicE in 
contaminated water. 

Spirochaetes morphologically identical with Leptospira icterohcemorrJiagit^ are viide- 
spread in water. They were first observed by Wolbacb and Binger in 1914, and have 
since been found by numerous workers in different parts of the world. In this country 
and in America they are known as Leptospira hiftexa and in Germany as Spirochceta pseudo- 
icterogenes (see Chapter 38). As pointed out by Zuelzer (1928) they are generally found 
attached to other spirochaetes and protozoa. They are especially prevalent in the slime 
of ponds, lakes, and rivers, in the slime that collects on the ends of water taps and pipes, 
and in the roof slime of mines. They are very susceptible to acid and are therefore con- 
fined to waters with a pH of over 6-8. Thus they are abundant along the east coast 
of Sumatra where the water is alkaline and practically absent from Java where the water 
is acid (Sardjito and Zuelzer 1929). They are also susceptible to salt, and are said to 
perish in 3 days in alkaline water containing 0*17 per cent., and in a few hours in water 
containing 1*7 per cent., of chlorine as chloride (Schuffner 1934). 

These organisms have occasioned much discussion. For some time opinion was influ- 
enced by the experiments of Baermann and Zuelzer (1927, 1928). These w*orkers brought 
evidence to suggest that, though on first isolation water leptospirse w^ere avirulent, by 
passage through guinea-pigs, or occasionally through human beings, they could be so 
raised in virulence as to give rise in the guinea-pig to typical bsemorrbagio jaundice. In 
fact Baermann and Zuelzer regarded Lepto. biflexa merely as an avirulent form of Lepto. 
icterohcemorrhagioe. Extensive observations by various workers have failed to confirm 
these findings. Possibly Baermann and Zuelzer were working with a strain of Lepto. 
icterohcemorrhagice that had become avirulent by residence under saprophytic conditions, 
or they may have isolated from one of their guinea-pigs a naturally infective strain entirely 
different from their passage strain. Except in special conditions, where the locality is 
heavily rat-infested, it is uncommon to isolate a pathogenic leptospiral strain from water. 
Since Lepto. biflexa is widely distributed over the globe, while cases of Weil’s disease 
are topographically and occupationally circumscribed, it is difficult to avoid the con- 
clusion that Lepto. biflexa has no setiological relationship to the disease. Most of the 
evidence suggests that water becomes contaminated with Lepto. icteroJicemorrhagim fi:om 
rats’ urine, and that even in favourable circumstances the organisms die out fairly rapidly. 
For this reason infection of human beings is unlikely except from water exposed to frequent 
and heavy contamination. 

Summarizing., it may be said that the evidence points strongly in favour of 
infection occurring through contact, often close and prolonged, with water or 
sewage recently contaminated with the urine of rats. A few cases of laboratory 
infection by contamination of the conjunctiva or the abraded skin with infective 
guinea-pig material have been recorded (Uhlenhuth and Fromme 1916, Uhlenhuth 
and Zimmermann 1933). 
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Diagnosis.— According to Schufiner (1934), 60 per cent, of patients with Weil’s 
disease show no jaundice. The true nature of the illness in these cases is suggested 
by the severe muscular pains at the onset, the heavily coated tongue, the albu- 
minuria, the meningeal symptoms, the increase in the proportion of immature 
polymorphonuclear leucocytes, and probably most striking of all the flushed 
conjunctivse due to dilatation of the episcleral capillaries. Cases without jaundice 
are not fatal. 

The diagnosis has to be made finally by the bacteriologist. Several methods 
axe available. In general the aim is to demonstrate the organisms in the blood 
during the 1st week of the disease and in the urine during the subsequent weeks, 
and to confirm the diagnosis by serological examination. Though leptospirse can 
almost invariably be found by dark-ground illumination in the freshly drawn blood 
of infected guinea-pigs, they are rarely found by this method in human cases. 
Cultivation of the blood is much more successful, and in the hands of certain workers, 
such as Taylor and Goyle (1931), has yielded a high proportion of positive results ; 
over 80 per cent, of positive cultures were obtained when the blood was withdrawn 
on the 4th or 5th day of the disease. Fletcher’s medium (see Chapter 38) is recom- 
mended. Alternatively, 2-3 ml. of the blood may be inoculated intracardially 
or intraperitoneally into young guinea-pigs (see p. 922) ; the success of this 
method seems to depend on the virulence of the infecting strain. After the 1st 
week or 10 days of the disease, the organisms usually disappear from the blood and 
must be sought for in the urine. This should be examined by dark-ground illu- 
mination and by guinea-pig inoculation. The microscopical diagnosis is not always 
easy or reliable, since leptospirse in acid urine are often atypical in shape and may 
be granular and degenerated (Buchanan 1927) ; for this reason it is advisable to 
give the patient potassium citrate to render the urine alkaline. 

For ease and rapidity of diagnosis more and more attention is being paid to 
serological methods of examination. Agglutinins, lysins, and complement-fixing 
bodies appear about the end of the 1st week of the disease and increase to reach 
their maximum after 4-7 weeks (Kisker 1935, Wolff 1936). 

Agglutination may be carried out on slides incubated at 32° 0. for 3 hours and observed 
under dark-ground illumination, using a low- power objective and a compensating ocular. 
If living organisms are used, agglutination is seen to occur in the lower dilutions and 
lysis in the higher. With formolized and phenolized suspensions agglutination alone is 
seen. Two or three different strains should be used, including one of Lepto. canicola. 
In most laboratories now the microscopic sMe method has given way to the macroscopic 
tube method of agglutination. At first, living suspensions were used (Smith and Tuhoch 
1937), hut these were replaced by suspensions killed with formalin. A simple and reliable 
technique has been described by Gardner (1943), who grows the organisms for 3 to 4 days 
at 30° C. in a 12 per cent, rabbit serum water medium, adds 0*25 per cent, formalin, filters 
through cotton- wool, makes up dilutions of serum from 1/25 to at least 1/1,000, and 
incubates the mixture for 24 hours at 37° C 

By the end of the 1st week of the disease the titre should be at least 1/20 ; 
during the 2nd week it rises, and often passes the 1/1,000 level; sometimes, at 
a later stage of the disease, it may reach even 1/50,000. Reactions at 1/25 or 
even 1/100 cannot be taken as diagnostic, though complete flocculation at the 
latter level is very suspicious. Patients showing less than 1/100 at a first test 
should be re-examined after five days or so to establish a rise of titre. The inter- 
pretation of the result must depend not only on. the titre, but on the clinical findings. 
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tlie occupation of the patient, and the frequency of latent infections in the locality, 
Agglutinins persist for a long time, and a retrospective diagnosis may be made 
even years after the attack (see Schiiffiier 1930, 1932, 1934, Gaehtgens 1933, BijI 
and Korthof 1930, Davidson et al 1934, Packchanian and Tom 1943). The 
adhesion phenomenon (see p. 912) may be used instead of direct agglutination 
(Brown 1935). Agglutinins are often present in the urine in titres up to 1/250 
(van der Hoeden 1935). The complement-fixation test has been reported upon 
favourably by Pot and Dornickx (1936). 

SpirochsBtocidai antibodies may be tested for by mixing 1-2 ml. of the patient’s 
serum with several lethal doses of the organism, allowing the mixture to stand at room 
temperature for 30 minutes, and then injecting it into guinea-pigs. If protective bodies 
are present the animals will survive, while control animals will die of spirochetal infection. 

The occurrence of a polymorphonuclear leucocyhosis in Weil’s disease is said 
to be of value in the differential diagnosis from epidemic jaundice, in which a 
lymphocytosis is usually observed (see Murgatroyd 1943). 

The demonstration of infection in rats may be accomplished by dark-ground 
examination and cultivation of the kidney and urine, by microscopical examination 
of sections of kidney stained with Levaditi, by inoculation of mice or guinea-pigs 
with ground-up kidney tissue ; or indirectly by examination of the blood serum, 
or less successfully the urine (see van der Hoeden 1936), for antibodies. Agglutinins 
and lysins are often present in the serum in a titre of 1/400-1/3,000 (see Cameron 
and Irwin 1929, Zimmermann 1930). Larson (1943) obtained the highest pro- 
portion of '^positive results by examination of the blood serum, taking a titre of 
1 /lOO or over as diagnostic ; examination of stained sections of kidney came 
next, followed by dark-ground examination of the kidney. In examining rats 
for leptospiral infection, it is important that the animals should be freshly killed, 
since the spirochaetes disappear rapidly after death (Smith 1938). For demon- 
strating the presence of Lepto. icterohcsmorrhagice in water, the method described 
by Appelman and van Thiel (1935) of scarifying the shaved abdominal skin of 
guinea-pigs, and immersing them in the water for an hour, seems to hold out 
most prospect of success. 

Prophylaxis and Treatment. 

The prevention of Weil’s disease would seem to consist in the drainage of 
infected areas and the suppression or exclusion of rats. 

Prophylactic vaccination of workers who are specially exposed to risk of 
infection has been tried on a considerable scale in Japan with very promising results. 
The figures of Wani (1933), in particular, are impressive. He used a phenolized 
vaccine and gave two doses. The morbidity rate in the vaccinated subjects was 
only about a quarter of that in the control population. Little experience has 
been gained of vaccination in Europe. The few observations made by Smith 
(1937) in Aberdeen were disappointing, but more favourable results have been 
reported from Amsterdam (see Walch-Sorgdrager 1939). 

Treatment by salvarsan is unsatisfactory ; WeiTs disease is in fact the only 
spirochsetal infection that does not yield to arsenic. The most promising line of 
treatment is by immune horse serum ; according to Martin and Pettit (1919), 
60 ml. of serum should be injected subcutaneously on the 1st day, and 20-40 ml. 
on each of the next 2 or 3 days. In severe cases it should be given intravenously. 
According to Walch-Sorgdrager (1939), who reviews the effect of serotherapy, 
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tliere is insufficient evidence as yet to prove conclusively that the serum exerts 
a specific action upon the infecting organism, but there is little doubt that it has 
a beneficial effect when administered within four days of the onset of the disease. 
There is some evidence that the case mortality may be lowered (see Inada 1923). 
Experimental observations on the guinea-pig suggest that penicillin may be of 
value in treatment (Heilman and Herrell 1944o^). (Eor much useful information 
on Weil’s disease, the reader is referred to the monograph by Taylor and Goyle 
1931, to papers by Alston and Brown 1937 and Walch-Sorgdrager 1939, and to 
the review by Ashe, Pratt-Thomas and Kumpe 1941). 

Other Leptospiral Infections of Human Beings 

Throughout the world there are a number of diseases simulating to a greater 
or lesser extent Weil’s disease, but caused by leptospir^ that differ from Lepto, 
icterohcBmorrhagicB in their antigenic or pathogenic properties, and sometimes in 
their natural animal reservoir (see Chapter 38). No satisfactory classification of 
these diseases is yet possible and, as has already been pointed out, their nomen- 
clature is in a state of confusion. We propose to group them tentatively according 
to our present inadequate knowledge of their clinical and epidemiological features, 
and to some extent according to the apparent affinities of their causative organisms 
.(see Table 181). (For references to these diseases, see Walch-Sorgdrager 1939.) 

Geoup a. Hasamiyami, and some diseases of the Dutch East Indies and the 
Andaman Islands resembling Weil’s disease. 

Hasamiyami is a disease found mainly among the peasantry of Nagasaki (see 
Kotorii 1935, Kaneko, Kotorii and Aoki 1935). Jaundice is fairly common, 
glandular swelling occasional, and clouding of the vitreous humour almost con- 
stant. The mortality is not more than about 2 per cent. The causative agent 
is Lejpio. autumnalis, which appears to be identical with Lejpto. akiyami A. The 
natural reservoir of infection is a field-mouse, Apodemus speciosus. 

Cases of leptospiral infection simulating Weil’s disease have been described 
among plantation workers in Sumatra caused by Lepto. rachmat, and among 
convicts and soldiers in the Andaman Islands* due to Lepto. andaman A. The 
animal reservoir of these two organisms is unknown, but it may well prove to 
be field-rats or mice. 

An endemic infection among plantation workers in Sumatra due to Lepto. 
salinem, and sporadic infections among men and women in Batavia, Borneo, 

* Macassar, and other parts of the Dutch East Indies, due to Lepto. hatavim — some- 
times known as the Swart van Tienen type— may be included in this group. Lepto. 
salinem is carried by Mattus hrevicaudatus, and Lepto. hatavice by Rattus norvegicus. 

These diseases all resemble Weil’s disease in some respects ; all may give rise 
to jaundice and haemorrhages ; all may prove fatal, though as a rule the case 
mortality is low ; and all are caused by organisms that are moderately virulent 
for the guinea-pig. There is some reason to believe that the agglutinins, instead * 
of being demonstrable in the blood serum of patients for years after the attack — 
as in Weil’s disease— may disappear completely within a year (Wolff 1936). 

Gtroup B. Nanukayami, Akiyami, Coastal fever of Queensland* 

N anukayami^ sometimes known as saJcushu fever or the 7 -day fever of Japan, 
is an autumnal disease occurring in many rural districts of Japan. Jaundice is 
slight or absent, and the disease is never fatal. We owe our knowledge of its 
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bacteriology to the Japanese workers, Ido, Ito and Wani (1918, 1919). Th 
causative organism is Lejpto. Jiehdomadis, and the natural reservoir of infectioi 
the vole, Microtus montebelloi. 

Ahiyami, or the Autumn fever of Japan, is a disease similar to nanukayami 
Indeed one type of leptospira isolated from some of the cases, known as the Lepto 
ahiyawi B type, appears to be identical with Bepto, hebdomadis (Stefanopoulc 
and Hosoya 1928). The A type is apparently identical with Lepto, auinmnalis— 
already mentioned as the cause of hasamiyami. 

In northern Queensland there is a group of coastal fevers that are gradual!;^ 
being differentiated. From one group, common among workers in the sugar-cane 
fields, two types of leptospira have been isolated— Zepio. australis A and B (Lumley 
1937). The A species is clearly distinct ; the B species is closely related to Lepto. 
salinem (Walch-Sorgdrager 1939). The animal reservoir appears to be a field-rat 
— Rattus culmorum. 

Another leptospiral infection that may be included in this group is a mild 
disease recorded in Denmark by Petersen and Christensen (1939) due to an organism 
named Lepto. sejroe. Country workers are mainly affected, and the natural animal 
reservoir appears to be a field-mouse — Mus spicilegus. 

The diseases included in this group tend to be milder than those classified 
under Group A. They occur mainly among rural workers. The usual clinical 
picture is a febrile disease lasting about a week, seldom accompanied by jaundice, 
and rarely proving fatal. The causative leptospirse have, as a rule, only a low 
degree of virulence for the guinea-pig, and the natural animal reservoirs are 
field-mice. 

Group C. Swamp Fever. 

This disease, which is also called by such names as Mud fever, Slime fever, 
Harvest fever, Field fever, or the German Schlammfieber, is widespread in eastern 
Europe. It has been studied particularly in Germany (see Kathe 1928, 194:1, 
Korthof 1932, Rimpau 1937, Wolter 1939), and in Russia (Tarassoff 1935). It 
has been reported in the Andaman Islands, the B type of leptospira there being 
apparently identical with the causative organism of swamp fever, Lepto. grippo- 
typhosa. Whether the disease reported among the rice-field workers of northern 
Italy by Mino (1937, 1938, 1939, 194:2) and Babudieri (1939) is the same disease 
as swamp fever is difiicult to say, but so far as can be ascertained more than one 
type of leptospira seems to be responsible. Swamp fever may occur in epidemics 
of considerable * magnitude. Field workers in swampy districts are attacked, 
particularly during the hay harvest. Young adult males constitute a considerable 
proportion of the cases, presumably because of their greater exposure to infection 
from contaminated water. Clinically the onset is sudden with rigors or chills, 
headache, pains in the back and limbs, often severe cramps in the calves, and 
sometimes nausea, vomiting, and diarrhoea. In a minority of the cases a macular 
eruption appears on the body and face on the 3rd or 4th day. Jaundice is uncom- 
mon. The disease lasts for 5-7 days, the temperature falling by lysis. There 
is sometimes a short relapse 1 or 2 days later. The case mortality is about 0*4 
per cent. (Korthof 1932). The disease can be reproduced in human subjects 
by inoculation with pure cultures of the infecting organism. Leptospir® can be 
demonstrated in the blood during the first 2 days of the disease. In practice 
bacteriological diagnosis is best made by examination of the blood serum for 
agglutinins, which often reach a titre of over 1/1000 by the 2nd week. The 
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virulence of Lefto. grippo4yphosa for guinea-pigs is very low or absent. Tbe 
animal reservoir is not known with certainty, but the vole (3Iicrotus arvalis) is 
suspected (Scbuffner and Boblander 1942). 

The disease in man is not to be confused with the swamp fever or infectious 
ancemia of horses, which is apparently due to a filtrable virus (Stein 1935) (see 
p. 1966). 

It will be realized that the diseases in this group are often characterized by 
gastro-intestinal symptoms ; jaundice is uncommon, and death rarely occurs. 
The causative organism is almost non-virulent for guinea-pigs. 

Group D. Seven-day fever of Queensland, and other diseases. 

Clayton and Derrick (1937) described a 7-day fever in Queensland due to an 
organism named Lepto. pomona. Later Johnson (1942) described a very similar 
disease — also in Queensland — due to a different organism, Lej^o. mitis. Both 
these diseases occur mainly in farmers and workers who are in contact with farm 
animals. The disease is mild, jaundice is rare, and death does not occur. Whether 
there is a rodent carrier is still unknown, but both types of leptospira have been 
found to be endemic in pigs and cattle. 

Another disease that may be considered here is a febrile infection due to Lepto. 
canicola, an organism whose natural carrier is the dog. The disease caused by 
this organism has been met with sporadically in different parts of the world. It 
is usually mild, though sometimes chronic, is unaccompanied by jaundice, and 
is not fatal. Meningeal symptoms may occur. 

The diseases classified in this group are similar in their mildness to those in 
Groups B and C. Infection, however, seems to be contracted not from rodents, 
but from the larger domestic animals. The causative organisms have, as a rule, 
only a very low degree of virulence for guinea-pigs. 

SPIROCHMTAL JAUNDICE IN ANIMALS 

We have already mentioned that about 20-30 per cent, or so of wild rats are 
infected with Lepto. icterohcemorrhagice. The organism apparently gives rise, how- 
ever, to little systemic disturbance in these animals, and rarely causes jaundice, 

A disease, similar to Weil’s disease and accompanied by jaundice, is not infre- 
quent in dogs (see Okell et al. 1925), It appears to be caused, as a rule, by Lepto. 
icier ohmmorrhagicB. More frequently, however, leptospiral infection in dogs is 
due to Lepto. canicola, and takes the form, not of jaundice, but of uraemia (Stuttgart 
dog plague, canine typhus of Lukes). The disease caused by Lepto. icterohwmor- 
rJiagice affects dogs up to 3 years of age, runs an acute course, is accompanied by 
jaundice, and has a case mortality of about 50 per cent. The disease caused by 
Lepto. canicola tends to attack slightly older dogs, runs a more chronic course, 
is characterized by an azotsemic-ursemic syndrome due to affection of the kidneys, 
is seldom accompanied by jaundice, and has a case mortality varying from 40 
to 80 per cent, (see Dhont et al. 1934, Schiiffner et al. 1935, Klarenbeek 1938, 
Memand 1940). There is, however, no sharp line of demarcation between the 
two diseases. Infections with Lepto. canicola appear to be twice as frequent as 
those due to Lepto. icterohcemorrhagim (Klarenbeek 1938). The disease due to 
Lepto. canicola is much commoner in dogs than in bitches, partly because this 
organism is excreted in the urine more often than-LepZo. icteroJicemorrhagioB, and 
partly because of the habit so common in dogs of sniffing the urine or external 
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genitalia of other dogs (Walch-Sorgdrager and Schiiffner 1938). Dogs may act 
as healthy carriers of leptospirae ; Kouwenaar and Wolff (1930) in Sumatra found 
5*7 per cent, of street dogs to be infected. Such dogs constitute a source of danger 
for man. Bacteriological diagnosis follows the general lines already laid down 
for the human disease ; demonstration of agglutinins and lysins in the dog’s serum 
is a rapid and convenient method (van der Hoeden 1935). 

Leptospiral infections have been encountered in foxes (Dunkin and Laidiaw 
1924:--25), in mice (Bessemans and Thiry 1929), in cats (Esseveld and Collier 1938), 
and in certain other animals. 


RAT^BITE FEVER 

As has already been pointed out (p. 1276), there appear to be two distinct diseases 
known as rat-bite fever, one due to Spirillum minus, the other to an organism gener- 
ally referred to as Streptothrix moniliformis, but better called Actinomyces muris. 
We shall consider here only the spirillar type of infection. 

Rat-bite fever, or Sodolcu as it is called in Japan, is a disease that occasionally 
supervenes in man on the bite of a rat, or occasionally some other animal such 
as a cat (Mollaret and Bonnefoi 1938, Yamamoto 1939). The incubation period 
is generally 7 to 21 days, but it may extend to weeks or even months. The disease 
is ushered in by a sharp febrile paroxysm accompanied by swelling of the lymph 
glands and dark-red eruptions on the skin. Redness and swelling are noticed 
at the site of the wound, which during the incubation period has generally healed 
satisfactorily. There are often pains in the limbs on the affected side. After 
3 or 4 days the attack comes to an end, but is succeeded by another in a few days. 
These febrile paroxysms with intermittent afebrile periods may be repeated for 
months, or even years. The mortality of the disease varies from about 2 to 10 
per cent. 

The causative organism of the disease is a Spirillum, which was described in 
1916 by Butaki and his co-workers (Futaki et al. 1916) in Japan (see p, 1838). The 
organism has been found in cases of rat-bite fever in this country (Robertson 
1924), in Italy, Turkey, India, Butch East Indies, and the United States (Shattock 
and Theiler 1924, Brown and Nunemaker 1942, Beeson 1943). (For a review 
of the literature see Robertson 1924, Theiler 1926, McDermott 1927-28, Brown 
and Nunemaker 1942.) The disease has been reproduced experimentally in human 
beings by inoculation with infected guinea-pig blood (see Hershfield et al. 1929). 
The clinical differentiation of the disease caused by Sp. minus from that caused 
by Actino. muris has been studied by Allbritten, Sheely and Jeffers (1940) and 
Brown and Nunemaker (1942), and is referred to on p. 1278. In tsutsugamushi 
fever (see p. 1849), with which rat-bite fever may be confused, the local ulcer is 
said to be larger, more irregular in outline, and painful, and the elements of the 
rash on the trunk are of greater size (Lewthwaite 1940), 

In the human patient the organism is present in the swollen local lesion, the 
focal lymph glands, and the blood, but it is very difhcult to demonstrate except 
by animal inoculation ; at autopsy it can be found also in the kidneys (Kaneko 
and Okuda 1917). Microscopical examination of the blood is usually negative. 
The Wassermann reaction is said to be positive in about half the cases (Brown 
and Nunemaker 1942) ; and agglutinins to Proteus OX K may be present (Lewth- 
waite 1940). The bacteriological diagnosis is best made by subcutaneous or 
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intraperitoneal inoculation of blood taken at the height of a febrile paroxysm, 
or of serum expressed from the local lesion, into mice and guinea-pigs (Francis 
1932). Aspirated peritoneal fluid or blood should be examined daily from the 
5th to the 30th day by dark-ground illumination. Brown and Nunemaker (194:2) 
recommend the inoculation of at least 2 guinea-pigs and 4 mice. The guinea-pigs 
should be inoculated intracutaneously, subcutaneously, and iiitraperitoneally. 
Intracutaneous inoculation is sometimes followed by a chancre, and subcutaneous 
inoculation by enlargement of the regional lymph nodes ; in both of these sites 
spirilla may be demonstrated by dark-ground examination. It is important to 
remember that mice and less often guinea-pigs may be healthy carriers of Sp. minm, 
so that it is wise to take precautions against confusion resulting from this cause. 

Numerous strains of Spirillum minus have been isolated from mice, rats, and 
human patients ; according to Schockaert (1928) they are ail similar, constituting 
a single species. In Japan about 3 per cent, of house rats appear to carry the 
organism (Futaki et al. 1917). According to Manuouelian (1940) the spirilla are 
present in considerable numbers in the muscles of the tongue, which may account 
for the infectivity of the bite. In the serum of patients who have recovered from 
rat-bite fever spirocheeticidal bodies have been found (Ido et al. 19176). Salvarsan 
or neoarsphenamine usually cuts the fever short, but complete cure of the disease 
is not always easy to obtain. Recent studies, however, suggest that it may respond 
to penicillin treatment (Lourie and Collier 1943, Heilman and Herrell 19446). 
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CHAPTER 83 


TYPHUS FEVER AHD OTHER RICKETTSIAL DISEASES 

There must be few diseases about wbick our knowledge kas increased so rapidly 
during tke past two decades as tke typhus fever group. Though epidemic typhus 
has been known for centuries, and has played no small part in determining the 
course of history it was not till 1909 that Nicolle and his colleagues (1911) first 
discovered that infection was spread by the body louse, and not till 1916 that 
da Rocha-Lima demonstrated the getiological agent of the disease, Rickettsia 
prowazehi. In 1907 Ricketts in the United States had succeeded in transmitting 
Rocky Mountain spotted fever to guinea-pigs, but the generic relationship of this 
disease to typhus fever remained obscure till Wolbach (1925) in 1916 demon- 
strated the rickettsial nature of the causative agent. During the war of 1914-18 
a new fever, referred to as Trench fever, was met with ; this was likewise found 
to be due to a species of Rickettsia. A sporadic form of typhus fever known as 
Brill’s disease had been recognized for a long time in Hew York, a severer form 
known as Tabardillo in Mexico, and a milder form in Manchuria and the Far East. 
Broadly speaking, however, up till 1925, typhus fever was regarded as one of the 
major epidemic diseases, which in certain areas might sometimes .occur in a rela- 
tively mild sporadic form. Rocky Mountain spotted fever and Trench fever were 
regarded as rickettsial diseases due to species of Rickettsia entirely different from 
that causing typhus fever. 

In 1925 Fletcher and Lesslar (1925, 1926) found that the endemic typhus fever 
of the Federated Malay States could be divided serologically and epidemiologically 
into two entirely different groups, one met with in the towns, the other occur- 
ring in country districts. Both differed in certain important respects from the 
classical type and from each other. These observations provided the main impetus 
for an extensive and detailed search in various parts of the world for other tj^es 
of typhus fever. The result has been to reveal the existence in several different 
countries of endemic typhus fever or typhus-like fevers many of which had pre- 
viously been unrecognized. 

We shall anticipate our discussion on the classification of the various rickettsial 
diseases of man by describing the diseases themselves, grouping them into four 
main categories : the typhus fever, spotted fever, tsutsugamushi, and Q fever 
groups, to which will be added trench fever. 

THE TYPHUS FEVER GROUP 

Two main varieties of typhus fever are known. The first is often referred to 
as the classical type ; it is caused by R. prowazeki^ and appears to be invariably 
louse-borne. The second is called the murine type ; it is caused by R, mooseri, 
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and is usually carried to man by the rat flea. Each of these may be briefly con- 
sidered in turn. 

Classical Typhus Fever. Synonyms : Fleckfieber, Bxaiitheinatische Typhus 
(German). 

This type, though now uncommon in epidemic form in civilized countries, 
has been in the past one of the great scourges of the world. Like dysentery, it 
appeared wherever large numbers of people were herded together under insanitary 
conditions ; for this reason it was common in gaols — hence its alternative name 
“ gaol fever ” — in military campaigns, and during times of famine. It was specially 
prevalent in Russia and in Central Europe during the war of 1 914-1 8 ; and even 
in the second world war, when protective measures were much better developed, 
it was a constant cause of trouble and anxiety. The case mortality varies with 
age. In severe epidemics it is negligible in children, seldom more than 5 per cent, 
below 20 years of age, about 10-15 per cent, at 40 years, 50 per cent, at 50 years, 
and generally fatal over 60 years of age (Megaw 1942). Those who wish to realize 
something of the havoc the disease has wrought among the human population, 
and of the significant part it has played in determining the outcome of great 
military campaigns, will do well to refer to the fascinating account given by Zinsser 
(1935). 

In 1909 Nicolle and his colleagues (1911), by experiments on man and on 
monkeys, showed that the disease was spread by the body louse, Pediculus cor- 
poris. The louse becomes infected by ingesting the blood of the patient. Within 
a period varying from about 1 to 2 weeks after feeding, the louse becomes infective, 
and can transmit the disease to normal persons. The time during which lice may 
remain infective is not known with certainty, but da Roeba-Lima (1920a) has 
demonstrated their infeotivity for at least 24 days, and he believes that they 
remain infective for the rest of their lives. The great majority, however, of infected 
lice die within a fortnight It is believed that head lice as well as body lice, 
but not pubic lice, may act as natural vectors. 

The maintenance of infection during non-epidemic times has given rise to 
much speculation. It is possible that a few mild or symptoinless sporadic cases 
may occur, just sufficient to keep a small number of lice infected (see Kuteisebikow 
et al, 1933, Isabolinski et al. 1934, Mooser 19416). Alternatively, it is supposed 
that some persons remain latently infected for considerable lengths of time (see 
Afanassiewa and Tretjak 1933), and develop a mild disease, perhaps some months 
after their original infection. The evidence in favour of this second explanation 
has been carefully marshalled by Zinsser (1934) in his study of BrilVs disease. 
This is a very mild form of endemic typhus, which occurs in the north-eastern 
coastal towns of the United States, and is restricted almost entirely to immigrant 
Russian and Polish Jews. Zinsser found that infection was caused by the classical 
type of typhus virus, which must almost certainly have been acquired before the 
patients had left Europe. The disease represents, in fact, the recrudescence of 
a latent infection acquired at some earlier time. A third possibility is that infection 
persists in dried louse faeces attached to patients’ clothing and is transmitted to 
fresh subjects by inhalation. There is reason to believe that the virus may remain 
alive for a year or more 'under these conditions, and the high infeotivity of air- 
borne rickettsiae has been amply demonstrated by laboratory observations (see 
Loffler and Mooser 1942, van den Ende et al 1943), 
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Bacteriology. 

TJie causative agent of typhus fever is Hickettsia jprowazeki^ first described by da 
Rocha -Lima in 1916, and later in the same year by Topfer (19166). Da Rocha- 
Lima observed this organism in the lice taken from 95 per cent, of typhus patients ; 
it was present in enormous numbers in the intestinal lumen and in the epithelial 
cells lining the gut wall (Fig. 297). The organisms stain a reddish-purple with 
Giemsa, are very small, of short elliptic or olive-shape, often in pairs, and are 
surrounded by a paler staining substance ; occasional very short, and very long 
forms up to 1*5—2 may be seen. They were never found in lice fed on normal 
persons, or on typhus convalescents, but appeared regularly, and in enormous 
numbers, in lice fed on typhus patients. The time elapsing between feeding and 
the appearance of rickettsise in the gut depended on the temperature at which 
the lice were kept ; at 23° C. no rickettsise appeared 
at all, but at 32° C. they appeared in about 5 to 8 days, 
and persisted indefinitely. At about the same time as 
the rickettsise developed, the lice became infective for 
guinea-pigs. It is important to note that not every 
louse fed on a typhus patient develops rickettsise, or 
becomes infective. Wolbach, Todd and Palfrey (1922), 
for example, working in Poland in 1920, fed batches of 
30 to 40 lice on typhus patients for an average period 
of 12 to 16 days, and found that, out of 52 experiments, 
in only 27 did the lice develop rickettsise. In a later 
series of experiments they also found that only a similar 
proportion of lice became infective for guinea-pigs. The 
actual proportion observed was very low, and is probably 
accounted for by imperfect technique in dealing with 
the lice ; during the latter part of their work the propor- 
tion of positive results was considerably higher. Ark- 
wright, Bacot and Duncan (1919) similarly concluded 
that rickettsise do not appear regularly in the excreta of 
lice fed on typhus patients. Whether this is due to 
variation in the lice, or, as seems more probable, to the 
relatively low infectivity of typhus blood, is not known. 

The significant point is the general parallelism that exists 
between the presence of rickettsise in the louse, and the infectivity of the louse 
for guinea-pigs. 

R. fTowazeki has been cultivated by Wolbach and Schlesinger (1923-24) in 
tissue cultures. Small pieces of the brain of typhus guinea-pigs were seeded into 
normal guinea-pig plasma, and incubated in the usual way over hollow-ground 
slides. Rickettsise were found in the endothelial cells of the vessel walls ; primary 
cultures remained virulent for 8 to 15 days, second generation cultures up to 
28 days. The rickettsise showed signs of multiplication within the cells ; they 
appeared as coccoid, bacillary, and fiilamentous forms similar to those found 
in lice. 

. Arkwright and Bacot (1923), using WeigTs technique, were able to infect lice 
by intra-rectal inoculation of a suspension of blood platelets from typhus patients 
and from infected guinea-pigs. To obtain regular results a thick suspension was 
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Fig. 297 . — Rickettsia pro- 
wazekif contained in an 
epithelial cell from the 
louse’s mid-gut ; both 
coccal and bacillary forms 
can be seen. Magnifica- 
tion 1,200 diameters (ap- 
prox.). (After Wolbach, 
Todd and Palfrey.) 
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required — ^platelets from 2 ml. of blood suspended in 6 drops of saline. Similarly 
successful results were obtained by intra-rectal inoculation of lice with tbe excreta 
of infected lice. 

Pathologically, both in man and in experimentally inrected animals, the brunt 
of the attack is borne by the blood capillaries, especially those of the skin, skeletal 
muscles, and central nervous system. The primary site of invasion is tlie endo- 
thelial cells lining the' walls of the capillaries. As a result, multiple thromboses 
occur with perivascular accumulations of cells, often accompanied by small hiemor- 
rhages. In the central nervous system characteristic nodules are found, simulating 
tubercles. The demonstration of rickettsise in human patients is not easy, but 
they have been found in the lesions of the skin, kidneys, testicles, brain, and other 
organs in man (Wolbach et al 1922, Wolbach 1925, Cowdry 1926). It will be 
realized that many of the signs and symptoms of typhus fever, such as the rash 
and nervous manifestations, are explicable in terms of the vascular lesions. 

Relation of Rickettsia prowazeki to Typhus. — ^It may be well to set out the 
evidence on which the setiological relationship of Rickettsia frowazeki to typhus is 
based. 

(1) The occurrence of R, frowazeki in the characteristic perivascular nodules of typhus ; 
(2) its occurrence as the sole distinctive acquisition of lice fed on typhus ; (3) the failure 
to separate R. frowazeki from the virus of typhus by any method yet employed ; (4) the 
cultivation of R. prowazeki in lice by the intra-rectal inoculation of a platelet suspension 
from typhus patients or infected guinea-pigs, even after the virus has been passed several 
times through guinea-pigs (Atkin and Bacot 1922) ; and (5) the cultivation of R. prowazeki 
in tissue plasma cultures, using as a source of the virus a strain that had been maintained 
for 3 years by passage through guinea-pigs : all suggest that R, prowazeki is the setiological 
agent of typhus (Wolbach 1925). To these we may add that both the typhus virus and 
R. prowazeki are destroyed by exposure to moist* heat at 50°-55° C., and that neither 
is capable of passing through any but the coarsest bacterial filters, and then only 
irregularly. Against this view it may be said that rickettsise are sometimes found in 
lice taken from persons not suffering from typhus. For example, da Rocha-Lima (1920a) 
found rickettsise closely simulating R, prowazeki in lice that had been fed on trench-fever 
patients and on normal persons; Arkwright and Bacot (1923) in Egypt had much the 
same experience ; in some of the lice taken from 2 out of 12 apparently healthy persons 
they found rickettsise simulating R. prowazeki. The lice in which they were found were 
not infective for guinea-pigs, and it is probable that the rickettsise were diJBferent from 
those associated with typhus. Da Rocha-Lima considers that the rickettsise found on 
persons not suffering from typhus belong to a different species — ^generally known as R. 
rocha-UmoB, He distinguishes three types of Rickettsia in the louse : (1) very fine forms, 
predominantly intracellular, not very closely packed — R. prowazeki : (2) thicker, exclu- 
sively extracellular, but lying on the cells— jR. quintana : and (3) thicker forms, grouped 
in compact masses, occurring both intra- and extra-cellularly — R, rocJia-limce ; these may 
perhaps be pathogenic organisms peculiar to the louse. 

It will be seen that the cumulative evidence points very strongly to the setio- 
iogical role of R. prowazeki in typhus. Though rigid adherence to Koch’s postulates 
demands that this conclusion must remain unproven till pure cultures, free from 
living cells, can be obtained, and used to reproduce the experimental disease in 
susceptible animals, we shall not depart from justifiable inference if we accept 
provisionally its essential truth. The onus now rests rather on those who would 
disprove it than on those who accept it. For a review of typhus fever, see Clavero 
and Gallardo (1941). 
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Murine Typhus Fever. 

The recognition of an endemic form of typhus fever in the United States, 
occurring sporadically in man, and spreading not by the louse but by the rat 
flea Xenopsylla cheoTis, was due to the brilliant work of a group of American and 
Mexican workers, prominent among whom were Maxcy, Mooser and Dyer (see 
Maxcy 1926, 1928, 1929, Mooser 1928, Mooser et at. 1931, Dyer et al. 1931n, h, c, d, 
1932<x, h, c, Coder et al, 1931, Eumreich 1933). The disease is endemic, occurs 
in the summer and autumn, is commonest in seaports along the Atlantic border, 
is not associated with overcrowding, has no predilection for the lower classes, 
is non-contagious, and has a case mortality of only 1 per cent. It is caused by 
a virus, often referred to as E. mooseri, which differs in some respects from E. 
prowazeki, and which is responsible for causing an extremely mild endemic infection 
of rats. Sporadic cases in man are liable to occur in persons brought into close 
contact with these animals, infection being transferred by the rat flea X. cheopis. 
The virus is passed from rat to rat by the rat louse, Polyplax spinulosus, and by 
rat fleas. The rats are never very sick, and the fleas may harbour the virus for 
over a month and recover — both circumstances indicating a well-established and 
possibly ancient parasitism (Zinsser 1937). On the other hand, there seems very 
little doubt that, under suitable conditions, the disease may become epidemic 
in man and be spread by the body louse. This is apparently what has happened 
in Mexico where, in addition to sporadic cases of flea-borne typhus, an epidemic 
disease known as Tabardillo occurs. Like classical typhus, it has its maximum 
prevalence in the winter, is associated with overcrowding, is most prevalent in 
the lower classes of the population, is contagious, is carried by lice, and has a 
fairly high case mortality. 

The demonstration by American workers of the role played by the rat and 
the rat flea in the spread of endemic typhus was soon followed by the recognition 
of the disease in other parts of the world. It is called by various local names, 
such as Toulon typhus, endemic typhus of Moscow, Manchurian typhus, shop 
typhus of Malaya, and so on. Unlike the classical form, which is commonest in 
temperate climates, the endemic murine form of typhus tends to be more prevalent 
in warm countries. Examination of wild rats in numerous areas where the disease 
is endemic has shown that these animals often give a positive Weil-Felix reaction 
to Proteus OX 19, and that they are latently infected with a murine typhus virus 
(Penfold and Corkill 1928, Marcandier et al. 1931, Kodama and Takahashi 1931, 
Kodama et al. 1932a, h, Brumpt 1932c, Netter 1932, Lepine 1932, Lawton and 
Murray 1933, Chao- Jen Wu 1933, Kritschewski and Solowiow 1934, Suzuki 1934, 
Nicolle and Sparrow 1934, Epstein and Silvers 1934, Zinsser 1937, Wolbach 1941 ; 
see also Tonking 1932-33). 

Comparison of the Classical and the Murine Typhus Viruses. — ^The two viruses 
of typhus fever, E. prowazeki and E. mooseri, are very closely related. Both 
stimulate the production of agglutinins acting on Proteus OX 19. Cross-immunity 
studies have often failed to elicit any difference between them (Zinsser and Casta- 
neda 1930a, 6, 1932, 1934, Zinsser and Batchelder 1930, Mooser and Bummer 1930, 
Weigl and Hertzig 1933, Mooser et al. 1934, Finlayson and G-robler 1940a, h) ; 
though there is reason to believe that, at any rate in man, a vaccine prepared 
with the murine type confers less protection against infection with the classical 
type than a vaccine prepared from the classical type itself. Their differentiation 
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is based mainly on tlie inability of tbe classical vims to give rise to a scrotal reaction 
in the guinea-pig or to a febrile disease in tlie rat (see pp. 934, 935), Pattiologically, 
tlie two diseases are distinguished by the greater frequency of cerebral nodes in 
the classical type (see Lillie 1931, Pinkerton 1931). The difference in the case 
mortality between the two forms may be more a reflection of a difference between 
epidemic and endemic forms of disease than the result of intrinsic differences 
between the two viruses. It is known, for example, that in sporadic cases of 
typhus due to the classical virus, as in Brill’s disease, the case mortality is often 
very low ; and that in epidemic typhus due to the murine virus, as in Tabardillo, 
the case mortality may be high. How far the characters of the two viruses are 
fixed, it is impossible to say. Probably no one has succeeded in converting one 
into the other, but temporary modifications can be impressed on them by various 
means. Whether their behaviour can be so modified that they become indis- 
tinguishable is very doubtful, though Mooser (1941(2) apparently regards this as 
a possibility. 

It may be remarked that both types of virus are highly infective for laboratory 
workers. Inhalation of infective droplets or dust is very dangerous (see Loffler 
and Mooser 1942, van den Ende et al 1943). The disease following inoculation 
of the murine type may vary from a severe to a completely inappareiit infection 
(see Sparrow and Mareschal 1940, van den Ende et ah 1943) ; the disease following 
the classical type is usually more serious and has proved fatal to several laboratory 
workers. 


THE SPOTTED FEVER GROUP 

This group includes Hocky Mountain spotted fever, Brazilian spotted fever 
(Sao Paulo typhus), Fievre boutonneuse, Kenya fever, and South African tick 
fever. Infection is carried not by lice or by rat fleas but by ticks. There is con- 
siderable variation in the severity of these diseases, but they are all characterized 
by fever and usually by a rash. In fievre boutonneuse and South African tick 
fever, but not in the other three forms, there is a primary sore at the site of the 
tick bite, accompanied by inflammation of the regional lymph nodes. Other tick- 
borne rickettsial fevers, whose relationship to the spotted fever group is not very 
clear, have been described in India (see Megaw 1921, 1924, 1930, Boyd 1935, Covell 
1936, Topping et ah 1943). In addition, there are a number of tick-borne diseases 
in North America — excluding tick-borne tularsemia and relapsing fever — the 
origin of which remains obscure, such as Tick paralysis, Colorado tick fever, and 
Bullis or Lone Star fever (see Parker 1938, Topping et ah 1940, Woodland et ah 
1943, Humphreys et ah 1944, Florio, Stewart and Mugrage 1944). 

Rocky Mountain Spotted Fever. 

This disease, which has been known for many years, occurs in North America. 
Two types used to be recognized : a Western type with a case mortality of 70 per 
cent, or so ; and an Eastern type occurring nearer the Atlantic border with a 
case mortality of only 20-25 per cent. (Badger 1933(2). Recent workers, however, 
have cast doubt on this difference and tend to regard them both as one disease 
(Parker 1938, Wolbach 1941). Rocky Mountain spotted fever affects those 
engaged in outdoor pursuits. It has a striking seasonal incidence, being commonest 
during the summer and practically absent during the winter months (Hampton 
and Eubank 1938), The infecting agent, Rickettsia rickettsi {Dermacentroxenus 
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rickettsi), is carried bj ticks. The Eocky Mountain wood tick, Dermacentor 
andersoni Stiles, seems to be mainly concerned in tke west and the American 
dog tick, Dermacentor variahilis, in the east (Dyer et al 1931e). Some cases — 
usually mild — appear to result from the bite of the rabbit tick, HcBmapJiysalis 
leporis-palustris, which is very widespread (see Parker 1938) ; and there is evidence 
that others may follow the bite of the Lone Star tick, Amblyomma americanum — 
so called from the star-shaped marking on its back — which occurs on dogs and 
cats, and which bites man in all stages of its development from the larva to the 
adult (Parker et al. 1943). The severity of the disease varies greatly. In mild 
cases the incubation period ranges from 3 to 14 days, in severe cases from 2 to 
5 days. The fever lasts as a rule for 2 to 3 weeks. Convalescence is prolonged. 

Eicketts (1907) was successful in transmitting infection to guinea-pigs and 
monkeys. Besides showing a febrile reaction, inoculated guinea-pigs often develop 
swellings and haemorrhages of the scrotum and ears, which may go on to necrosis ; 
the spleen is considerably enlarged (see Munter 1928). The Western type often 
proves highly fatal to guinea-pigs. Eabbits also develop a febrile disease and 
sometimes a scrotal reaction ; introduction of the virus into the anterior chamber 
of the eye is less often followed by an acute reaction than occurs with the 
scrub typhus or tsutsugamushi virus (Lewthwaite and Savoor 1936c). Eats and 
mice can be infected, but the disease pursues a symptomless course (Fukuda 1929). 

In human and animal lesions the organisms are found with comparative ease. 
The lesions themselves resemble those of typhus, but according to Lillie (1931, 
1941), endovascular proliferation, degeneration, and thrombosis tend to be com- 
moner. Moreover, in Eocky Mountain spotted fever the medial coat of the blood 
vessels is said to be affected as well as the endothelial lining (see Wolbach 1941). 
The blood vessels of the skin and reproductive organs suffer most severely. 

The organism can be grown in tissue culture, and is distinguished from R, 
prowazeJci by its multiplication in the nuclei of infected cells, where it forms com- 
pact spherical colonies (Pinkerton and Hass 1932). The typyhus virus multiplies 
only in the cytoplasm. In the tick the organism presents three forms : (1) an 
intracellular bacillus-like form, without chromatoid granules, present only in 
the cytoplasm of the cells of the alimentary tract ; (2) a relatively small, rod- 
shaped form with chromatoid granules, present within the cells and the nuclei 
of many tissues ; (3) a relatively large lanceolate diploid form, which persists in the 
tissues, notably the salivary glands, long after the other forms have disappeared ; 
this lanceolate form is characterized by its chromatoid staining reaction ; it is the 
only form found in the eggs of infected ticks (see Wolbach 1925). It may be noted 
that ticks, once infected, are able to hand down infection to their progeny. 
Brazilian Spotted Fever. — Synonym : Sao Paulo Typhus. 

In its general symptomatology and high case mortality — 70 per cent, or so — 
this disease resembles the severe type of Eocky Mountain spotted fever. Likewise, 
the Brazilian virus is similar to the Eocky Mountain virus in its peculiarly high 
pathogenicity for guinea-pigs and in the necrotic scrotal reaction to which it often 
gives rise in these animals and in rabbits. Inoculation into the anterior chamber 
of the rabbit’s eye is not usually successful in causing an acute reaction ; the 
guinea-pig’s eye, however, is very much more susceptible, and an inflammatory 
reaction associated with corneal opacity develops 2-5 days after inoculation 
(Monteiro 1931, Dyer 1933). Cross-immunity tests leave little doubt that the 
Sao Paulo virus is identical with the virus of Eocky Mountain spotted fever (Dyer 
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1933, Parker and Davis 1933). Infection appears to follow the bite of the tick 
Amhlyomma cajennense (Monteiro et al. 1932). (For general acconnt of disease 
see Pirn et al. 1932, Fialho 1932.) 

Fifevre boutonneuse. 

This disease, which was first described by Conor and Bruch (1910), occurs 
in Tunis and in certain other parts of the Mediterranean littoral. It appears to 
be identical with the exanthematic fever of Marseille. The name boutonneuse ” 
refers to the local nodule that is so often seen on the leg in the early stage of the 
disease. The clinical course is brief and mild, and the mortality is low. Infection 
is carried by the dog tick, Rhipicephalus sanguineus. Dogs serve as the reservoir 
of the virus. As many as 30 per cent, of these animals may be latently infected. 
Dog ticks may remain infective for several months, and can transmit the virus 
hereditarily to their progeny. Bickettsise have been found in infected ticks, 
and the name Rickettsia conori has been suggested for the causal agent (Brumpt 
19326) ; but since this organism is indistinguishable in tissue culture from the 
Rocky Mountain spotted fever virus (Hass and Pinkerton 1936), and since there 
appears to be complete cross-immunity between the two diseases (Badger 19336, 
Blanc and Baltazard 1937), it is doubtful whether it is justifiable to accord it a 
specific name. Intraperitoneal inoculation of guinea-pigs often gives rise to a 
mild scrotal reaction (see Blanc and Caminopetros 1931, Durand 1931, 1932, 1933, 
Durand and Conseil 1931, Durand and Laigret 1932, Nicolle and Laigret 1932, 
Brumpt 19326, Caminopetros and Contos 1932, 1933, Combiesco and Zotta 1932, 
Petzetakis and Karalis 1933, Combiesco 1934). 

Kenya Fever and South African Tick Fever. 

Neither of these diseases has been studied adequately. Kenya fever resembles 
fievre boutonneuse, but differs from it in the absence of a primary sore. Infection 
appears to be carried by the dog tick, Rhifice^halus sanguineus (see Roberts and 
Tonking 1933). 

South African tick fever is usually a mild disease, with a case mortality of 
only 1-2 per cent. It is characterized by a primary sore at the site of the tick 
bite and by regional adenitis. Infection is transmitted by the larvae of three 
different ticks — Amblyomyna hebrceum, RMpicephalus a^Tendiculatus, and Bddphilus 
decoloratus — and by all stages of the dog tick, Hcemaphysalisleachi (see Dear 1941). 
The virus gives rise to a mild fever in guinea-pigs, with little or no scrotal reaction. 
It can apparently be cultivated on the chorio-allantoic membrane of the developing 
chick embryo (Alexander, Mason and Neitz 1939). According to Pijper (1936) no 
cross-immunity exists between tick-bite fever and fievre boutonneuse, and according 
to Pijper and Crocker (1938) there appears to be little relation between tick-bite 
fever and Rocky Mountain spotted fever. Both of these conclusions, however, 
are disputed by Mason and Alexander (1939a, 6), who regard tick-bite fever as 
a member of the spotted fever group, and suggest that the virus should be given 
the varietal name of pijperi. 

THE T8UTSVGAMU8HI GROUP 

Three diseases have been described as belonging to this group : the tsutsuga- 
mushi fever of Japan, the scrub typhus of Malaya, and the mite typhus of Sumatra. 
There is evidence, however, that all three are essentially the same disease, caused 
by the same organism. 
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TsutsugamusM, sometimes known as Japanese river fever or Kedani, occurs 
in J apan. It is commonest in the summer and autumn months ; it is confined 
to certain localities, particularly to low-lying territory subject to fiooding ; and 
it follows the bite of Tromhicula aJcamushi Brumpt — a mite found on the vole, 
Microtus montehelloi. This animal constitutes the reservoir of infection. The 
causative agent is Rickettsia nipponica (R. orientalis, R. tsutsugamushi, R, akamushi). 
It can be grown in tissue culture, but, unlike the spotted fever virus, it does not 
invade the nuclei. The disease is characterized by fever, a local swelling at the 
site of the puncture wound, enlargement of the lymph nodes and spleen, and a 
rash. The incubation period is about a week, and the case mortality is said to 
be 40 per cent. (Ogata 1931). 

Scrub typhus is a disease met with in Malaya. It occurs at ail times of the 
year ; it attacks those who have been over country covered with a tail grass, 
known locally as lalang ; infection follows the bite of Tromhicula deliensis — a mite 
closely allied to, if not identical with, Tromhicula akamushi — and rats appear to 
constitute a reservoir of infection (Levrthwaite and Savoor 1936^Z, 19406). The 
incubation period is said to be 11--21 days, the duration of fever about a fortnight, 
and the case mortality 5-15 per cent. In the past it has been stated that this 
disease is distinguished from tsutsuganiushi by the absence of an initial sore at 
the site of infection ; but Lewthwaite and Savoor (1936e), who made special 
observations on this point, found that a sore was commonly present in Europeans, 
but was very apt to be overlooked on the dark-skinned Tamil. Moreover, a 
primary sore cannot uniformly be demonstrated in tsutsugamushi itself. It 
would appear as if the dermal lesion in the two diseases was subject to variation, 
being conspicuous necrotic and persistent in some cases, inconspicuous papular 
and fleeting in others. 

Mite typhus is a disease met with in the Dutch East Indies, particularly in 
Sumatra. It closely resembles scrub typhus, but is nearly always characterized 
by the occurrence of a primary sore. Both the house rat, Mus concolor, and the 
field rat, Mus diardii (see Zinsser 1937), appear to constitute a reservoir of infection 
for the mite vector, Tromhicula deliensis. 

The viruses of these three diseases all closely resemble each other in being 
comparatively non-infective for guinea-pigs, in producing an inapparent infection 
in white rats, in causing a severe reaction in the rabbit’s eye after intra-ocular 
injection, and in giving rise to a local necrotic lesion accompanied by fever on 
intradermal inoculation into the monkey. The serum of convalescent monkeys 
and rabbits agglutinates Proteus OX K but not OX 19. The serum of conva- 
lescent patients behaves similarly, though the serum of tsutsugamushi patients 
is said to agglutinate Proteus OX K to a lower titre than that of scrub fever or 
mite fever patients (Wolff 1931a, Kawamura et al. 1935). Cross-immunity experi- 
ments in the rabbit indicate the very close relationship of the three viruses to 
each other (see Nagayo et al. 1930, Kawamura and Imagawa 1931, Wolff 19316, 
Kouwenaar and Wolff 1933, 1934, 1935, 1936, Wolff and Kouwenaar 1933, Lewth- 
waite and Savoor 1934, 1936a, c). Kouwenaar and Wolff (1936) are of the opinion 
that mite fever and tsutsugamushi can be distinguished by monkey inoculation. 
The observations, however, of Lewthwaite and Savoor (1936e, 1940a) seem to 
leave little doubt that there is complete cross-immunity between the three diseases. 
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If we accept tMs finding, we must follow Lewthwaite and Savoor (19406) in giving 
up tlie terms scrub typlius ” and “ mite typhus ” in favour of the general term 
tsutsugamushi.” For a review of this disease see papers by Ogata (1931, 1935), 
Nagayo and bis colleagues (1931), Lewthwaite (1936), and Lewthwaite and Savoor 
(19406), and for a list of mite vectors see Williams (1944). 


THE Q FEVER GROUP 

Observations by workers in Australia and the United States have revealed 
the existence of a rickettsial tick-borne disease differing in several respects from 
spotted fever. Derrick (1937) described a disease, under the name of Q fever, 
affecting abattoir workers and dairy farmers in Queensland. The incubation 
period of the disease appears to be 15 days or less, the duration of illness 7 to 24 
days, and the case mortality nil. Clinically, the outstanding feature of the illness 
is severe headache ; there is no primary sore, and a rash is unusual. The Weil- 
Eelix reaction is negative. Inoculation of guinea-pigs with the patient’s blood 
taken during the febrile stage gives rise to a pyrexial reaction, which leaves the 
animal immune. Infection of rats, mice, and rabbits is of the inapparent type 
(Cox 1940). The virus can be demonstrated in the liver of the guinea-pig, and 
can be cultivated on the chorio -allantoic membrane of the developing chick embryo. 
Multiplication seems to occur both intra- and extra-cellularly ; the nucleus of 
tissue cells is not, as a rule, invaded ; and the virus itself can pass through Berke- 
feld W and N filters, but not through a Seitz disc. The natural reservoir of infection 
appears to be in bandicoots and opossums (Report 1938-39), among which conti- 
nuity of infection is assured by infestation with the tick, Hce^na'phy sails humerosa 
(Smith and Derrick 1940). Infection of man occurs indirectly. The scrub tick, 
Ixodes holocyclus, transfers infection from bandicoots to cattle, and so leads to 
infection of the cattle tick, Boophilus annulatus, which excretes the virus in its 
faeces. The dried tick faeces are then inhaled by man, pneumonitis being a common 
primary symptom of the illness (Burnet 1942). For a description of the epidemio- 
logy of the disease in Queensland, the reader is referred to a review by Derrick 
(1944). 

The discovery of the disease in the United States was due to Davis and Cox 
(1938) who, in 1935, demonstrated a fi.lter-passing agent in wood ticks, Dermacentor 
andersoni, collected near Nine Mile Creek, Montana. Parker and Davis (1938) 
described its experimental transmission by the tick. Dyer (1938) reported the 
occurrence of infection in a laboratory worker, and later (1939) pointed out the 
close relationship of this disease to the Q fever of Australia. Cox (1939) suggested 
the name Rickettsia diaporica for the causative organism, but this was later aban- 
doned in favour of R. burnetii which had been proposed shortly beforehand by 
Derrick (1939). The American virus is said to be more virulent for laboratory 
animals than the Australian virus, but there appears to be complete cross-immunity 
between the two diseases (Dyer 1939). Several laboratory infections have occurred, 
but whether these have been due to direct contact with infected tissues, to dust, 
or to the Mood-sucking mite, Lyj^nissus hacoti Hirst, which infests mice, is not 
clear (see Burnet and Freeman 1939). 
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TRENCH FEVER 

Synonyms : Febris wolhynica : Febris quintana. 

Trencli fever is a disease to wMoh attention was first attracted in 1915, wlien 
it broke out in epidemic form amongst tke troops in nearly every fighting area 
in Europe. Later it spread to Mesopotamia. The first account of it was given 
in this coimtry by McNee, Eensliaw and Brunt (1916), wko called it Trencli fever, 
and in Germany by Werner (1916) and His (1916), who called it Five-day fever 
and Wolbynian fever respectively. It was proved to be infective, because healthy 
men developed the disease when inoculated with the blood of patients sufiering 
from it (McNee et al. 1916). The blood was found to be infective on the 1st day 
of the disease, and to remain so until at least the 51st day. Evidence was 
obtained that the virus was free in the blood plasma and was extra-corpuscular, 
but that, when the blood was allowed to clot, the virus was entangled in the 
fibrin and could not usually be demonstrated in the serum. Blood from trench 
fever patients generally gave rise to the disease in normal persons when inoculated 
intravenously or intramuscularly, but not when rubbed on to the scarified skin. 
Clinical and epidemiological evidence suggested that the disease was spread by 
body lice, and experimentally it was found that if lice were allowed to feed on 
trench fever ^patients and subsequently transferred to normal persons, the latter 
developed the disease. 

Lice fed on trench fever patients do not become infective for about 5 to 9 days, but 
once they have become infective, they remain so for at least 4 months. The virus is 
found to be present in the louse’s excreta, and inoculation of these excreta is one of the 
best methods of transmitting the disease to man — much more certain than injection of 
blood. By this method the War Office Trench Fever Investigation Committee (see Bruce 
1921) showed that patients suffering from trench fever might retain the power of infecting 
lice fed on them up to at least 443 days after the onset of the disease. The iiifectivity 
of the louse’s excreta is very high ; 1 /lO mgm. has sufficed to give rise to the disease 
when inoculated into man. The virulence of the excreta is destroyed by dry heat at 100'^ C. 
in 20 minutes, and by moist heat at 60° C. in 20 minutes. 

It is very doubtful whether laboratory animals are susceptible to the disease ; 
a small proportion of guinea-pigs may develop a low undulating type of fever after 
inoculation with infective material, lasting for several weeks, but infection cannot 
be transmitted by passage to fresh animals (da Eocha-Lima 19205). On the other 
hand, human beings are almost all susceptible to the disease. One attack seems 
to produce only a partial and limited immunity ; a certain proportion of patients 
who have recovered from one attack may be reinfected by inoculation of blood or 
of louse excreta 4 or 5 months later (Bruce 1921). 

In 1916 Topfer (1916a) described the finding of small short rods, often arranged 
in pairs and often showing bipolar staining, in lice taken from trench fever patients. 
The rods were shorter and thicker than those seen in typhus, were present in 
enormous numbers, and were often arranged in heaps. Topfer fed lice on 7 trench 
fever patients, and found these bodies in lice taken from 6 of them ; they did not 
appear till the 5th day after feeding, but from the 8th day onwards they were 
found in large numbers. They were never observed in lice fed on healthy persons. 
These bodies are now known by the name of Rickettsia quintana. 
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Topfer’s findings Iiave been confirmed and amplified by a number of workers. Ark- 
wright, Bacot and Duncan (1919-20) found that rickettsise appeared in lice 5 to 12 days 
after feeding on trench fever patients, and could be demonstrated in the excreta up to 
the death of the louse. Not all lice became infected at the same time ; after feeding 
on a patient, only a few lice were found to be infected by the end of the 1st week ; during 
the 2nd week the numbers infected and uninfected were about equal, while after the 2nd 
week the majority showed rickettsise. The organisms were found in large numbers crowd- 
ing the region of the epithelial cells lining the gut ; they were always extracellular in 
position. In any given batch of lice rickettsise developed at about the same time as the 
louse’s excreta became infective — as judged by human inoculation. Moreover a very close 
correspondence was found between the presence of riekettsias and the infectivity of the 
louse, and the absence of rickettsiae and its non-infectivity. Rickettsiae were almost 
invariably found in batches of lice fed on trench fever patients, but only very rarely when 
fed on normal persons — one positive result out of 245 specimens. 

Eichettsia quintana has never been demonstrated satisfactorily in man, and 
until this has been done, and until the organism has been grown in pure cell-free 
cultures, it will be impossible to be certain that it is the cause of trench fever. 
But the observations just quoted on lice strongly suggest that this organism is 
responsible for the disease. 

The remarkable observations made on himself by Bacot (1921) lend support to this 
view. Bacot went to Poland in February, 1920, with the Typhus Research Commission, 
taking his own stock of lice with him — a stock that had been under his personal observation 
and fed upon himself exclusively since November, 1915. During the whole of this time 
rickettsiae had never been demonstrated in these lice. In April, after visiting a bath- 
house in Warsaw, he contracted trench fever. Eight days later, he recommenced feeding 
his lice ; rickettsiae indistinguishable from E. quintana began to appear, and from the 
12th day onwards all the boxes of lice proved to be heavily infected. Bacot’ s blood 
remained infective for at least 3 months after the clinical termination of his attack. Of 
the lice collected at the bath-house 7 per cent, proved to be infected with rickettsiae, which 
were situated extracellularly, and which were indistinguishable from R. quintana. Bacot 
considers that these lice had probably become infected from apparently healthy persons 
who had some time previously suffered from trench fever. The importance of this observa- 
tion lies in the interpretation to be put on the discovery of extracellular rickettsise in 
lice which have had no apparent contact with trench fever patients. Are they to be 
regarded as a distinct species, peculiar to the louse— as da Rocha-Lima (1920a) thinks— 
and called E. pediculi or E. rocha-limce ; or are they, in many cases, to be regarded as 
E, quintana, which has gained access to the louse from probably healthy carriers of 
trench fever ? Bacot clearly favours the latter view. 

A few cases of trench fever were recognized after the war of 1914-18, and 
there is reason to believe that the disease is endemic in Poland and Russia (Laurell 
1933, Braslawsky 1934). During the second world war numerous outbreaks were 
reported in the German army on the eastern front, but little new was learnt about 
the 83tiology of the disease (see Marie 1943). The reaction of patients’ sera in 
the Weil-Felix test is still doubtful. 

Classification of the Rickettsial Diseases of Man. 

Attempts have been made to classify the rickettsial diseases on the nature 
of the transmitting vector (Megaw 1921, 1930), and on the animal reservoir of 
infection (Megaw 1942). Besides breaking down at a number of points, such classifi- 
cations are unsuitable for bacteriological purposes. Felix (1935, 1942a) believes 
that a satisfactory classification can be based only on the antigenic type of the 
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causative orgamsm^ upon whicli immunity and immunity reactions depend. On 
the whole, we are in general agreement with this proposal, but we consider it 
desirable to take into consideration other properties than the antigenic structure 
alone, such as the morphology of the different viruses, their mode of growth in 
tissue culture, their infectivity for man and animals, and the type of disease and 
the pathological lesions to which they give rise. Unfortunately our knowledge 
is still too fragmentary to enable us to make more than a tentative subdivision 
on this basis, but the scheme given in Table 182 may serve to indicate the main 
lines which such a classification should probably follow. 

Within the four main groups — excluding trench fever, about which our know- 
ledge is very scanty — there are sub-groups often associated with a particular host, 
vector or locality. The corresponding viruses tend to differ, particularly in their 
degree, of pathogenicity for man and laboratory animals. So far, experimental 
workers have not been successful in converting one sub-type into another, though 
Mooser, Varela, and Pilz (1934) and Mooser (1941u) seem to regard the classical 
and murine types of the typhus virus as interchangeable. 

Diagnosis. 

Since the demonstration of the causative organism by growth in tissue culture, 
the developing chick embryo, or the louse’s gut is a lengthy procedure, possible 
only under favourable conditions, recourse is had mainly to an agglutination test 
on the patient’s serum. The only diagnostic test of importance is the Weil-Felix 
reaction. In 1916 Weil and Felix, working in Eastern Galicia, cultivated from the 
urine of a patient with typhus a proteus-like organism that had the peculiarity of 
being agglutinated not only by the patient’s serum but also by the sera of other 
patients suffering from typhus. Similar organisms were isolated from the urine or 
the blood of a number of other typhus patients ; these were called Proteus X strains ; 
the most highly agglutinable of them, and the most specific for typhus, was the 
Proteus X 19 strain (Felix 1916). This strain was agglutinated to a titre varying 
from 1/50 to 1/50,000 by typhus sera, and never above 1/25 by serum from non- 
typhus patients. Agglutinins appeared in the blood about the 4th day, and 
increased up to an acme about the end of the second or beginning of the 3rd 
week ; during convalescence they fell off rapidly, and after 5 months they had 
disappeared almost entirely. A positive reaction at 1/25 during the 1st week of 
the disease was regarded as a presumptive positive, though about 7-9 per cent, of 
persons not suffering from typhus were found to react at this titre. As a rule the 
titre rose rapidly, so that a positive diagnosis, 1/50 or higher, could generally be 
made by the 8th day. 

The Weil-Felix reaction has now been employed on a large scale, and has been 
found remarkably valuable. As with many other serum reactions used in diagnosis, 
experience of it has brought to light certain anomalies and limitations that were 
not at first realized. Many workers have doubted its specificity, and have brought 
evidence to show that the reaction may be positive during the course of other 
infections, and even in healthy persons. 

Savoor, Castaneda, and Zinsser (1935), for example, in the United States, found that 
25 out of 596 sera from various sources reacted positively in a titre of 1/80, and 4 in a 
titre of 1/160 (see also Peverelh 1930, Kraus et at 1931, Isabolinski et at 1934, Welch et at 
1934). In some of these instances it is probable that the patient had recently recovered 
from typhus fever, or was suffering from it in a mild or latent form. Sonnensohein (1943) 
has recorded titres of 1/200 to 1/1600 to Proteus OX 19 in patients suffering from Proteus 
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infections such as pyelitis, cystitis, cholecystitis, pleuritis, and bronchitis, as well as in 
patients with Proteus-mf eoted wounds ; and Smith and Evans (1943) have noted a raised 
and fluctuating titre in the course of other diseases like undulant fever, enteritis, tjrphoid 
fever, and dysentery (see also de Moor 1936, de Koda 1937). 

It follows that the result of the Weil-Felix test should be interpreted strictly 
in relation to the clinical findings. Generally speaking, it may be said that, except 
in endemic areas or in patients who have previously suffered from typhus fever 
or been inoculated against it, complete agglutination of OX 19 in a foal dilution 
of the patient’s serum of 1/100 or over during the second week of the disease 
is highly suggestive of active infection. Cases, however, do occur in which the 
antibody response is very poor or transient, and in which the result of the test 
has to be regarded as doubtful or negative. Repeated examinations at intervals 
of 3 or 4 days are of value in detecting transitory reactions and changes in titre 
indicative of active infection. A strong reaction is regarded by Maly (1942) as 
a good prognostic sign ; a positive reaction becoming negative during the course 
of the disease as indicative of severe toxaemia and a fatal outcome. According to 
Felix (1944), however, a low titre may occur not only in very severe, but also in 
very mild cases. In murine typhus the titres tend to be lower than in the classical 
form (Findlay 1941). Diagnosis in an inoculated patient does not differ materially 
from that in an uninoculated patient. Inoculation with the chick embryo vaccine 
is said not to stimulate agglutinins for Proteus OX 19 (Report 1945). If residual 
agglutinins are present as the result of inoculation with other types of vaccine, 
they are usually present in very low titre. A rising titre for OX 19 therefore is 
highly suggestive of active infection (Felix 1944). 

It is important to realize that agglutination of the 0 antigen alone of Proteus 
is indicative of typhus infection, Normal agglutinins to the H antigen of Proteus 
strains are not uncommon and have no significance in the diagnosis of typhus 
fever. In practice, it is therefore wise to work with suspensions prepared from 
a non-motile Proteus X 19 strain, so as to avoid confusion caused by flagellar 
agglutinins. For this purpose, the formolized suspensions described by Bridges 
(1935), and issued by the Oxford Standards Laboratory, are most suitable. Agglu- 
tination of a non-motile strain, or agglutination of the small flake type of a motile 
strain, is best referred to as agglutination of Proteus OX 19. The test itself is 
usually carried out by the tube method, but for rapid diagnosis and in epidemio- 
logical surveys the slide agglutination method may be used (see Eyer and Griitzner 
1940, Steuer 1942). Pure suspensions of rickettsiae, prepared from the lungs of 
white rats or mice or in some other way, may be used instead of Proteus OX 19 
(see Hudson 1940), but seem to present little advantage for ordinary routine 
work. 

So far we have been considering the diagnosis only of the typhus group of 
fevers by the Weil-Felix test. A modified form of the test is, however, of value 
in' the diagnosis of tsutsugamushi and of the spotted fever group. 

Fletcher and Lesslar (1925, 1926), studying the endemic typhus of the Federated 
Malay States, observed that the Weil-Felix reaction to Proteus OX 19 was positive 
in some cases but not in others. Wondering whether their strain of Proteus X 19 
was losing its agglutinability, they tried a fresh strain that had been brought 
out to the Straits Settlements by Dr. Kingsbury from the Middlesex Hospital. 
This strain, which may be referred to as Proteus X K, was found to be agglutinated 
by the sera of patients which failed to react with the Jl 19 type. It was farther 
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observed that sera wbicb reacted to OX 19 did not agglutinate OX K. There 
was clearly some distinct serological difference between the two groups of typhus 
cases. The Kingsbury strain, it may be noted, was reputed to be a strain of 
X 19, but undoubtedly differed from this type aiitigenically. Further work (see 
also Fletcher 1930, 1932) showed that the typhus patients whose blood agglutinated 
OX 19 were to be found mainly in urban areas, particularly in shops and store- 
houses, while those whose blood agglutinated OX K came from country districts, 
especially places where rank grass and scrub had grown up on land which had 
been cleared of jungle. Fletcher referred to the former type of typhus as urban 
or sho;p typhus, and to the latter as rural or scrub typhus. 

We have already described how the urban or shop typhus is carried by rats 
and is of the ordinary endemic murine type, whereas rural or scrub typhus appears 
to be identical with the tsutsugamushi disease of Japan. Further experience has 
confirmed the value of the agglutination of OX K in the diagnosis of the tsutsuga- 
mushi group of fevers. Proteus OX K tends to be agglutinated more often and 
to a rather higher titre by normal sera than OX 19 (see Report 1942), so that 
complete agglutination in a final dilution of the patient's serum of 1/200 should 
be demanded for diagnostic purposes. Even then, great care must be exercised 
in interpreting the result. 

A strain of Proteus X corresponding to the virus of the spotted fever group 
has not yet been discovered, but a reaction, often not appearing till late in the 
second week, may occur with one or more of the Proteus OX 19, OX 2, or OX K 
strains. Davis, Parker and Walker (1934) found that 77 per cent, of sera taken 
between the 10th and 32nd days of illness agglutinated Proteus OX 19 to 1/160 
or over ; when two samples were taken at suitable intervals, 95 per cent, of sera 
proved positive. According to Davis and Parker (1938) a relatively high OX 19 
and a relatively low OX 2 titre is the most frequent combination found. Such 
a result, or agglutination of OX 19 alone, may be due to typhus fever ; on the 
other hand, a high OX 2 titre, either alone or in combination with a low OX 19 
titre, is suggestive of spotted fever (see Felix 19426). Proteus OX K is usually 
agglutinated least of all. 

In Q fever the Weil-Felix reaction appears to be completely negative, though 
agglutination of pure rickettsial suspensions, to a variable titre, may be observed 
in infected patients (Burnet and Freeman 1938). 

For a description of the technique and interpretation of the Weil-Felix reaction 
in different rickettsial diseases, an article by Felix (1944) may be consulted. 

A few reports have appeared on the use of the complement-fixation reaction in 
the diagnosis of rickettsial diseases. Castaneda (1936) demonstrated the presence 
of specific complement-fixing bodies in the serum of typhus patients ; and Bengtson 
(1941) and Bengtson and Topping (1941) confirmed their specificity by showing 
that, with an antigen prepared from R. mooseri, no reaction was obtained with 
serum from patients suffering from other diseases, including Rocky Mountain 
spotted fever and Q fever. Plotz and Wertman (1942), using an antigen prepared 
from R. ricJcettsi, reported positive results with spotted fever but not with typhus 
sera. It appears, therefore, that the complement-fixation test tends to be more 
specific than the Weil-Felix reaction. It has, according to Bengtson and Topping 
(1942), the additional advantage of enabling a retrospective diagnosis to be made 
more readily, since the fall in complement-fixing bodies is slower than that of 
Protem OX agglutinating bodies. For the same reason it is said to be of particular 
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valii6 ill tliG diagnosis of infection of rats witL. i?. wiooscfi (Brigham and Bengtson 
1945 ). 

Other metliods of diagnosis may sometimes have to be employed. In Rocky 
Mountain spotted fever, for example, it may be necessary, if the result of the 
Weil-Felix test is ambiguous, to resort to the so-called infection test This consists 
in inoculating the patient's blood intraperitoneally into a male guinea-pig to see 
whether the typical scrotal reaction of swelling, reddening, and sloughing occurs. 
In severe cases of the disease this test is often positive, but in mild cases little 
attention can be paid to a negative result. During convalescence the virus neutral- 
ization test, in which a mixture of R. ricJcettsi and the patient's serum is injected 
intraperitoneally into guinea-pigs, together with suitable controls, is more likely 
to be of value. A similar test for the retrospective diagnosis of typhus fever, in 
which the mixture of virus and serum is injected into the skin of the rabbit, has 
been described by Giroud (1938), and found by Ciavero and Gallardo (1942) to 
be specific. 

Discussion of the Weil-Felix Reaction, 

The explanation of this reaction is still obscure. 

That the Proteus X bacilli are not themselves responsible for the disease is indicated 
by the following facts : (1) they are found in only a minority of typhus patients ; (2) they 
do not produce experimental typhus in the guinea-pig ; (3) they are never isolated from 
guinea-pigs infected with true t37phus virus ; (4) guinea-pigs inoculated with Proteus X 
bacilli develop no immunity to the subsequent inoculation of typhus virus ; (5) guinea- 
pigs that have recovered after inoculation of typhus virus are as susceptible as normal 
guinea-pigs to a lethal dose of Proteus X bacilli (Otto 1919). 

Felix himself is of the opinion that the two organisms are genetically related 
and that Proteus X must be regarded as a variant of Rickettsia, differing from 
this organism in its morphological, cultural, and pathogenic properties, but 
resembling it in the possession of a common 0 antigen (see Chapter 39 and Felix 
and Rhodes 1931, Felix 1933a^, h, 1935). If this is so, then Proteus X 19 may 
be looked upon as the variant of R. prowazehi, and Proteus A K as the variant of 
the Rickettsia of scrub typhus. Proteus X variants corresponding to R. rickettsi, 
R. hurneti, and R, quintana have not yet been discovered, though it is interesting 
to note that strains with a dual antigenic structure responding to both OX 19 
and OX K agglutinins have been reported in Tunis (type S 24) and in Sao Paulo 
(t3q)e AL) (see Laigret and Durand 1934). 

We should be unwise, however, to accept such an explanation without definite 
proof. Clearly, the most satisfactory evidence would be afforded by a direct 
demonstration of the change from Rickettsia to Proteus, either in tissue culture or 
in the louse’s intestine. Attempts to prove the existence of a genetic relationship 
along these lines have not yet proved successful, though suggestive results have been 
recorded by Weigl (1923), Anigstein (1933), and Anigstein and Lawkowicz (1939). 

As a corollary it would be important to show that Proteus A strains were never 
encountered except in relation to Rickettsia. Our available information on this 
point is not very reassuring. 

A number of workers (see Sparrow and Roussel 1936, 1937, van Loghem 1936) have 
isolated Proteus A 19 strains from persons suffering from diseases other than typhus. 
Sparrow and Roussel, working in Tunis where typhus is epidemic, cultivated organisms 
of the A 19 type from the blood of about 50 per cent, of typhus patients in 1936, and 
from about 9 per cent, of patients suffering from other diseases, such as undulant fever, 
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typhoid fever, malaria, and pulmonary tuberculosis ; in the following year, however, 
the proportion of positive cultui'es was very much lower. It may further be noted that 
Proteus strains have been found in the blood and urine of typhus fever patients \’^duch 
were not of the X 19 type (Schiirer and Wollf 1919; see also Felix 1931). 

Some workers, such as Otto (1919), have regarded the Weil-Felix reaction as 
an example of para-agglutination, using this term to mean the agglutination of 
a heterologous organism by virtue of a property conferred on it by contact with 
the homologous organism. It is supposed that Proteus bacilli in the body of a 
typhus-infected patient gain new antigenic receptors, which render them sus- 
ceptible to antibodies produced against the typhus virus. If this were true, it 
would explain the origin of Proteus X types corresponding to different rickettsial 
types ; but insufficient evidence has yet been adduced to render this more than 
a speculation. 

A more or less similar conception has been advanced by W. J. Wilson (1909, 
1920), who showed that certain coliform bacilli isolated from the urine or faeces 
of typhus patients were agglutinated more readily by typhus sera than by normal 
sera. Wilson believes that under the stimulus of infection with the typhus virus, 
some normal intestinal bacterium calls forth the production of specific agglutinins 
to itself and of group agglutinins to other organisms, such as Proteus A 19. This 
suggestion receives some support from the observations of Giroud and Tannenbaum 
(1937). Trying to solve the problem why infected guinea-pigs, unlike rabbits 
and monkeys, do not give a positive Weil-Felix reaction, these workers observed 
that Proteus bacilli are never found in the guinea-pig’s intestine. They therefore 
infected a group of these animals with typhus virus parenterally and with Proteus 
bacilli by the mouth, and found that their serum developed the property of agglu- 
tinating Proteus OX 19. Incidentally, it may be noted that, though the serum 
of typhus-infected guinea-pigs does not agglutinate Proteus A 19, it does agglutinate 
pure suspensions of rickettsise (Hudson 1940). 

An alternative explanation is that the Weil-Felix reaction is an example 
of group agglutination (see Fairley 1919-20). It is known (see p. 933) that 
Proteus X 19 and R. frowazehi share a common antigen, and so far as these two 
organisms are concerned, such an explanation is satisfactory. The existence, 
however, of a similar relationship between Proteus X K and R. nipponica necessi- 
tates the assumption that an antigenic variety of one genus is reflected in a cor- 
responding variety within the other genus. This has been regarded, perhaps 
unjustifiably, as too much of a coincidence to be probable. It would, perhaps, 
be less probable if Proteus X strains corresponding to R, richettsi, R. hurnetif 
and R. quintana were known to exist ; but so far attempts to find these variants 
have proved a failure. We are therefore left at present with only two Proteus A 
types corresponding to two rickettsial types, depending, in the case of R. prowazehi, 
upon a similarity in the chemical structure of its glycolipoid antigen with that 
of the glycolipoid antigen of Proteus X 19 (Ciuca et al 1938). 

Prophylaxis and Treatment of the Typhus Fevers. 

As in other diseases which are purely insect-borne, the prevention of rickettsial 
infections resolves itself into the control or elimination of the insect vector. In 
the particular instance of epidemic typhus fever the essential factor is the prevention 
of the frequent passage of the body louse from man to man ; and this is 
best attained by reducing louse infestation to a minimum, and by the prevention 
of overcrowding. Typhus is not a disease of which any cleanly and reasonably 
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prosperous community need stand in dread during times of peace ; its whole history 
shows its close relation to poverty, malnutrition, overcrowding, dirt, wretchedness, 
and war. The control of endemic typhus fevers presents a more difficult problem^ 
partly because of the widespread distribution of the various infecting agents, and 
partly because of the sporadic nature of the disease in human beings. Destruction 
of the normal animal reservoir of infection, such as the rat, may be more effiective 
than attempts to interfere with the passage of the insect vector to man, though 
these will generally have to be made in addition. For a description of the hygienic 
measures required to control louse-borne typhus fever the reader is referred to 
a paper by Mackenzie (1941) and to a memorandum by the Ministry of Health 
(Memo. 1941). Neither of these publications, however, makes mention of the 
extremely effective methods that were introduced during the second world war 
for the prevention of louse infestation by impregnating the clothing with certain 
chemical substances. Under some conditions, precautions may have to be taken 
to prevent infection by the respiratory tract with dried insect faeces or other 
infective forms of dust. 

Chemotherapy has not yet proved of value in typhus fever. Experimentally, 
Andre wes and his colleagues (1944) have reported favourable results in mice 
infected with the murine or the classical typhus virus by the use of two sulphamido 
compounds, but these have apparently no effect on man. Similarly, Greiff, 
Pinkerton and Moragues (1944) find that both penicillin and para-aminobenzoic 
acid inhibit growth of the murine virus in the yolk sac of the chick embryo ; human 
trials with these substances are in progress. 

Vaccination. 

Attempts to produce active immunity by vaccination have been made by a 
number of workers. Without reference to chronological order, these may be 
classified as follows. 

Living Vaccines. — Nicolle and Laigret (1936) prepared a vaccine of murine 
virus from infected guinea-pig and rat brain. The organisms were dried, coated 
with egg yolk, dried again, and finally suspended in olive oil. Three doses were 
given. The vaccine has been tried on several thousand persons, mainly natives, 
with apparently favourable results (Laigret et al. 1937). A few cases of inoculation 
typhus have resulted. 

Killed Vaccines. — In preparing a dead vaccine, the problem is how to obtain 
a thick suspension of rickettsiae. The following solutions have been proposed. 

(а) WeigVs louse vaccine. — Lice are inoculated by the rectum with the classical 
typhus virus. After a week or so they are killed ; the intestines are removed 
and ground up in 0*5 per cent, phenolized saline (Weigl 1933). This vaccine has 
been used on a fairly large scale and appears to have met with considerable success 
(see Eadlo 1937, Mosing 1938). Since three doses are given, requiring the use 
of 120-175 lice for each subject, an enormous louse farm has to be maintained if 
vaccine is to be prepared on any considerable scale. An additional drawback is 
the necessity for feeding the lice for a week after infection on immune persons. 

(б) Killed suspensions of rickettsice grown in animals. — Various methods have 
been used. (1) Zinsser and Castaneda (1930^^, 1931, 1933) introduced the intra- 
peritoneal inoculation with a murine virus of guinea-pigs or rats whose resistance 
had been lowered by injections of benzol, feeding on a vitamin-deficient diet, or 
best of all irradiation with X-rays (see also Macchiavello and Dresser 1935). In 
such animals great proliferation occurred in the peritoneum and tunica vaginalis ; 
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a thick rickettsial suspension could be obtained by washing out the peritoneal 
cavity, and converted into a vaccine by treatment with 0*2 per cent, formol. 
This vaccine has had only a limited trial, but according to reports by Veintemillas 
(1939) in Bolivia and by Finlayson and Grobler (1940^, h, 1941) in South Africa, 
it seems to protect not only against the murine virus, but also --provided a large 
enough dose is given— against the classical typhus virus. (2) Castaneda (1939) 
found that the lungs of rats which had been inoculated intranasally with a murine 
virus contained abundant rickettsise. A vaccine was prepared by grinding up 
the lungs of these animals 3 days after inoculation, killing the rickettsiae with 
phenol, and obtaining a suspension of the organisms by differential centrifugation. 
Three doses of vaccine are recommended for man at 7-day intervals (Castaneda 
1941). Guinea-pig experiments show that this vaccine protects readily against 
infection with the murine virus, but only when given in large dosage against the 
classical virus. (3) Okamoto (1937) observed that rickettsiaa of the murine type 
were able to multiply in the mouse’s lung. Durand and Sparrow (1940) made 
use of this observation, and found that mice inoculated intranasally with the 
murine ox the classical typhus virus died in 3 to 7 days, and that at post mortem 
their lungs contained enormous numbers of rickettsise. Durand and Giroud 
(1940a) and Giroud and Panthier (1942) prepared a vaccine from a formolized 
suspension of ground-up mouse lung, and found it to protect guinea-pigs against 
experimental infection. For human beings 4 or 5 weekly inoculations appear 
to be required. Babbit lung and dog lung vaccines have also been used. 

(c) Killed suspensions of rickettsicB grown in tissue culture. — Zinsser, Fitzpatrick 
and Wei (1939) have described a relatively simple method of growing rickettsise 
in a modified Maitland medium making use of agar blocks covered with living tissue. 
The growth -can be removed and treated with 0*3 per cent, formol for conversion 
into a vaccine. 

(d) CTiich embryo vaccine. — Cox (1938, 1941) found that much the best method 
of growing rickettsise of typhus fever, spotted fever and Q fever was in the yolk 
sac of the developing chick embryo. Once strains of the classical typhus virus 
are established, they usually kill the embryo in 3 to 5 days. The pooled embryonic 
tissues are then ground up and treated with phenol and formalin. Yolk sac 
suspensions are 100 to 1,000 times more infective than suspensions of mammalian 
tissues. The method is very simple and applicable to large-scale production. 
This vaccine has achieved wide popularity, and was used in the second world 
war for the inoculation of the British and American forces. 

InsufiS-cient controlled observations have as yet been made to enable any 
sound conclusions to be drawn on the absolute and relative protective value of 
these different vaccines. Otto and Bickhardt (1942) found mouse and rabbit 
lung vaccines to be superior to chick embryo vaccines in the protection of guinea- 
pigs. Ding (1943), on the other hand, who made observations on human beings 
under what seem to have been almost experimental conditions, was led to con- 
clude that rabbit and dog lung vaccines and chick embryo vaccines were equally 
satisfactory and yielded results not inferior to those of Weighs louse vaccine. 
None of them appeared to protect against the disease itself, but all of them shortened 
the fever, diminished the nervous symptoms, rendered the illness milder, and 
conferred a high degree of protection against death. Plenty of other evidence is 
available to show that vaccination does not prevent an attack of the disease, 
at any rate if exposure to infection is severe (see Ldffler and Mooser 1942, van 
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den Ende et al 1943 ). American observations suggest that, judged by animal 
experiments, tbe Castaneda rat lung and tbe Cox cbick embryo vaccines are both 
inferior to Giroud’s mouse lung vaccine. Chick embryo vaccine can be improved 
by tbe addition of alum (Report 1945). How far a murine typhus vaccine is effective 
against the classical virus is still in doubt. According to Mooser and Leemann 
( 1941 ) there is in animals a complete cross-immunity between the two diseases ; 
but there are numerous published and unpublished observations suggesting that 
this does not hold for man. The question, however, is difficult to answer, since 
even a vaccine prepared with one type does not afford complete protection against 
inoculation with the same type. Whatever vaccine is used, repeated single doses at 
6-monthly intervals to stimulate the waning immunity are desirable if the risk 
of exposure to infection continues. (For a description of the mode of preparation 
of the different vaccines, see Clavero and Gallardo 1943, and for a study of 
the chick embryo vaccine, in particular, see Report 1945.) 

Similar vaccines have been used for inoculation against the spotted fever 
group. Indeed it was against Rocky Mountain spotted fever that a satisfactory 
killed vaccine was first produced by Spencer and Parker (1925), when they pre- 
pared a phenolized suspension of the viscera of infected ticks. A formolized 
mouse lung vaccine has been described by Durand and Giroud (1940&). Protection 
of experimental animals against Q fever may be obtained by vaccines prepared 
from chick embryo tissues or from the faeces of Dermacentor andersoni (Cox 1940). 
Rickettsial suspensions prepared from infected mouse spleens and killed by 0-5 per 
cent, formol or by heating at 60°-65° C. for 30 minutes are also said to be effective 
(Burnet and Freeman 1941). Against scrub typhus a vaccine has been prepared 
by Fulton, but no account of it has yet been published. 

Serum Treatment. 

Nicolle, Conor and Conseil (1911) found that the serum of human patients or 
of monkeys convalescent from typhus fever possessed protective and curative 
properties, when tested on experimental infection in monkeys or the natural 
disease in man. The serum was most active on the 10th to the 12th day after 
defervescence ; after the 15th to the 20th day it had lost its activity completely, 
even though the monkey itself was resistant to a fresh inoculation of virus. 
Mcolle introduced the treatment of the disease by such serum. For fToj)l%ylactic 
purposes he injected about 3 doses of blood serum, obtained by centrifugalization 
of the coagulated blood. According to his observations, persons treated by this 
method subsequently proved resistant to the inoculation of 3 ml. of blood from a 
typhus guinea-pig. For therapeutic purposes the blood serum of convalescent 
patients may be injected in fairly large quantities. Little is as yet known of the 
value of this method of treatment. 

More recently, Durand and Balozet (1940, 1941) have prepared antiserum by 
the inoculation of horses and asses with mouse lung suspensions of the murine 
and classical types, and by animal experiments have found it to be considerably 
more potent than convalescent human serum. The neutralizing power does not 
run parallel with the Weil-Felix agglutination titre, since the antigen responsible 
for the stimulation of neutralizing antibody appears to be the heat-labile, not 
the heat-stable, rickettsial antigen. In practice, this serum is given therapeutically 
in a single dose of 100 ml. intramuscularly. The few observations that have 
so far been made on it suggest that, if given early, it shortens the duration of 
the illness and diminishes the risk of death (see Wolman 1944). Similar results 
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have been claimed by Topping (1943) for the treatment of Eocky Mountain spotted 
fever by a serum prepared by tbe inoculation of rabbits with infected ticks or 
yolk sac cultures. 

Eickettsial Infection op Animals 

Though animals often act as a reservoir of rickettsiuj that are pathogenic for 
man, little is known as yet of the occurrence of animal disease due to other types. 
The best example is heartwater. 

Heartwater. — Economically, this is an important disease of sheep, goats, and 
cattle. It is widespread over the whole of Africa, except the northern portion. 
Infection is due to Rickettsia ruminantium, first described by Cowdiy (1925), and 
is transmitted by the tick Amblyomma hebreeum. Clinically, the disease varies 
from the hyperacute form, on the one hand, to the abortive form, on the other. 
The incubation period in sheep is 7 to 14 days. The acute form is characterized 
by fever, serous effusions in the pleura, pericardium, and peritoneum, and con- 
vulsive symptoms. The course is 2-6 days, and the case mortality 50-100 per cent. 
Cases occur sporadically and in small groups, not in large epidemics (Donation 
and Lestoquard 1937). R. ruminantium, like the organisms of typhus and of 
spotted fever, infects primarily the vascular endothelium, and like R. prowazeJei, 
but unlike R. richettsi, grows in the cytoplasm, not in the nucleus of the cells. 
Laboratory animals seem to be relatively insusceptible to infection. No satisfactory 
method of vaccination against the disease has yet been described, but the disease 
is said to be susceptible to sulphonamide treatment (Neitz 1940). Some workers 
regard heartwater as a virus rather than a rickettsial infection and would classify 
it in the lymphogranuloma-psittacosis- virus-pneumonia group of diseases. The 
evidence is still inconclusive, and we consider it wiser for the time being to retain 
it in this chapter. 

Other Infections. — Mention has already been made in the chapter on Rickettsia 
(pp. 936-7) of organisms described under the term R. conjunctwm which appear to 
infect the conjunctival epithelial cells of certain animals, and of organisms described 
as R, caniSi R, ovina, and R. bovis affecting the monocytes. The claim of these 
organisms to belong to the rickettsial group is still unsubstantiated, and since, 
with the exception of R. canis, the diseases with which they are associated are 
very benign, we shall deal with them no further. 

Eor a general description of the rickettsial diseases, the reader is referred to 
reviews by Zinsser (1937), Parker (1938), Lewthwaite and Savoor (19406), and 
Wolbach (1941). 
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PLEUROPNEUMONIA, CONTAGIOUS AGALACTIA, AND 
ALLIED DISEASES 

PLEUROPNEUMONIA OF GATTLE 

Pleukopneumonia is an infectious disease of cattle characterized by an exudative 
inflammation of the- interlobular lymph vessels and of the alveolar tissue of the 
lungs, with a simultaneous sero-fibrmous pleurisy. According to Nocard and 
Roux (1898), the essential lesion is a distension of the connective tissue layers 
between the lobules of the lungs with a large quantity of yellowish, limpid, albumi- 
nous, highly infective fluid. The disease is widespread throughout the world, with 
the exception of Western Europe, India, and North America (Walker 1930). It 
used to be common in Europe, but preventive measures have greatly decreased its 
incidence, while in the United States it has been completely eradicated. Epizootics 
are common in endemic areas ; the morbidity is high ; the case mortality varies 
considerably according to the severity of the disease. The mode of infection is 
not clear, but there is reason to believe that it is carried by droplets, and indirectly 
through dust particles contaminated with nasal discharge (Tang et d. 1935). The 
causative organism of the disease is characterized by a high degree of pleomorphism 
and by its filtrability. The disease can be reproduced experimentally by inocula- 
tion of cows with infective material or cultures of the filtrable organism (see 
Chapter 40). Active im m unization is practised by inoculation of tissue fluid, 
or preferably of a living culture of the organism, into the point of the tail. This 
results, as a rule, in a non-fatal disease, which leaves the animal immune for a year 
or more. Most workers recommend a strain of modified virulence (Bennett 1932, 
Mettam and Ford 1939, Purchase 1939), but Kurotchkin (1939) prefers a fuUy 
virulent strain. The serum of convalescent animals is used for passive immuniza- 
tion. Not all strains appear to be identical, and it is possible that an animal 
that has recovered from one attack may prove susceptible to later invasion by 
a different strain. In practice the slaughter policy is recommended for the control 
of the disease. In carrying out this policy, the complement-fixation test may 
be of value in the detection of carriers. According to Bennetts (1937), the test 
itself is reliable, but the eradication method based on it is not always successful, 
owing to the long incubation period of the disease and other causes. (For pleuro- 
pneumonia of calves due to Pasteurella septica, see p. 1647.) 

CONTAGIOUS AGALACTIA OF SHEEP AND GOATS 

This disease is characterized by inflammatory lesions of the udder, eye, and 
joints. The milk yield in lactating animals is diminished, and instead of milk, a 
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dirty yellow serous fluid containing small clots is secreted (Galloway 1930). Several 
outbreaks bave occurred during the past hundred years in Europe, and more 
recently the disease has been encountered in North Africa. The case mortality is 
said to average about 15 per cent. The causative organism, which was first culti- 
vated by Bridr6 and Donatien (1923, 1925), resembles the organism of pleuro- 
pneumonia in its pleomorphism and its filtrability. Natural infection usually 
appears to occur by ingestion. The disease can be reproduced by inoculation, 
especially of goats, with infected tissue suspensions, and with pure cultures (see 
Chapter 40). Animals that have recovered naturally from an attack of the 
disease have a high degree of immunity. Active immunization is very difficult. 
Passive immunity may be conferred by the injection of immune sera prepared in 
sheep, goats, or horses (Bridre and Donatien 1925). 

DISEASES CAUSED BY OTHER MEMBERS OF THE PLEURO- 
PNEUMONIA GROUP OF ORGANISMS 

Numerous diseases of animals have now been ascribed to infection with other 
members of the pleuropneumonia group, such as arthritis, lymphadenitis, and 
suppurative lesions in rats, and arthritis and rolling disease in mice. The relation 
of these organisms to bronchiectasis in rats, distemper in dogs, and certain genital 
fesions in the human female is still under discussion. Space does not allow a 
lull description of each of these diseases ; adequate attention has already been 
paid to them in Chapter 40, which the reader may consult for references to the 
original papers. 
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CHAPTER 85 


PILTRABLE VIRUS DISEASES 

A. THE LYMPH0GRANUL0MAH8ITTAC0SIS GROUP 

In this and the following four chapters we describe the most important diseases 
of man and animals that are caused, or probably caused, by filtrable viruses. 
We are immediately faced with the problem of their classification. Numerous 
suggestions have been made by different workers for grouping these diseases 
according to the tissue attacked, the nature of the lesion produced, the presence 
of inclusion bodies, the transmissibility of infection, and so on (see Rivers 1932, 
Fine 1932, McKinley 1934, Fairbrother 1934, Hurst 1936). It is clear that the 
only satisfactory classification must rest on the nature and properties of the causa- 
tive viruses themselves. Our knowledge, however, of the viruses is extremely 
meagre, and though tentative efforts at their classification are doubtless of value 
in research work, it is perhaps a little premature to reproduce them in what is 
primarily a textbook designed for teaching. We shall, therefore, omit any serious 
attempt at classification. The order in which we shall describe the various diseases 
will be determined partly by their public health importance, and partly by the 
nature of the organs or tissues mainly attacked. It may be noted that influe^a 
and swine influenza have already been dealt with in the chapter on respiratory 
infections (Chapter 74). 

The viruses described in this chapter fall into a group that appears to be inter- 
mediate between the rickettsiae and the true filtrable viruses. Most or all of 
them form elementary bodies that take on basic stains and can be readily seen 
under the microscope ; some of them are known to pass through a series of morpho- 
logical changes during growth ; and most of them appear to be closely related 
antigenically. They differ from the rickettsim in being spherical rather than 
rod-shaped, in having no antigenic affinity to Proteus OX strains, and in the 
absence of an insect host. They differ from the common filtrable viruses in their 
larger size— usually about 150-300 m/t— in being held back partly or completely 
by a Berkefeld N candle or a Seitz disc, and in their failure, as a rule, to give rise 
to a lasting immunity. Some of them are distinguished by their reputed sus- 
ceptibility to the sulphonamide drugs. 

LYMPHOGRANULOMA INGUINALE 

Synonyms : Climatic bubo ; Lymphopathia venereum ; Poradenitis. Not to be 
confused with Granuloma venereum (see p. 1790). 

In 1913 Durand, Nicolas and Favre of Lyons drew attention to a bubonic 
disease, probably of venereal origin, which was characterized by a subacute inflam- 
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mation of tlie inguinal lympliatic glands. In 1925 Frei reported tlie discovery 
of a specific intracutaneous test for the diagnosis of the disease. As a result of 
this means of differentiating lymphogranuloma from other diseases, several workers 
entered the field of investigation. In 1930 Hellerstrom and Wassen at the Inter- 
national Dermatological Congress in Copenhagen described the successful trans- 
mission of infection to monkeys by intracerebral inoculation, and concluded that 
the disease was of virus origin. Since then there has been a large outcrop of 
papers on various aspects of the subject, which it is impossible to summarize 
adequately in the space at our disposal. Those who are desirous of more detailed 
information are referred to monographs and papers by Stamms (1932), Koch 
(1933), Findlay (1933), Hellerstrom and Wassen (1934), Wasscui (1935), Levaditi, 
Mollaret and Reinie (1935), and Nelson (1941). 

Though showing a preference for the tropics, the disease is wides})read through- 
out the world. Males of 20-40 years of age are most often affected. The disease 
is contracted through sexual intercourse. After healing of the initial penile lesion, 
males cease to be infectious, whereas females, on account of the peculiar lymphatic 
distribution in the perineal region, remain infectious for months and years. In 
females particularly, the disease often involves the genito-ano-r octal tissues with 
the production of a stricture — a condition referred to as estliiomene — though it 
is not yet established that all cases of esthiomene are caused by the lympho- 
granuloma virus. 

Attention was first concentrated on the local lesions, but the disease is now 
known to be accompanied by a generalized infection. In its early stages it may 
even simulate typhoid fever ; arthritis and skin rashes are not uncommon, and 
symptoms suggestive of meningeal affection may occur (Findlay 1938). Congenital 
transmission of maternal antibodies has been noted, though the virus itself does 
not appear to pass through the placenta (Levine et al. 1943). A few laboratory 
infections have been reported (Harrop et aL 1941). In adults infection may remain 
latent for months or years. Pathologically, the essential lesion produced by the 
virus is a low-grade inflammation of the lymph spaces and lymph channels leading 
to caseation and fibrosis. 

Intracerebral inoculation of infective material into monkeys gives rise, after 
an incubation period of 6-12 days, to meningo-encephalitis. The mouse is also 
susceptible. After intracerebral inoculation, symptoms appear in 2-4 days ; the 
coat is roughened, the back is hunched, and purulent conjunctivitis may be seen ; 
death occurs in 3-8 days. The virus may be carried on indefinitely by passage, 
but some strains gradually become inactive. According to Miyagawa and his 
colleagues (1936a), their virulence may be restored by intradermal passage through 
guinea-pigs, in which the virus produces a caseous papule at the site of inoculation. 
Intranasal inoculation of mice may give rise to focal lesions in the lungs (van 
den Ende and Lush 1943). Guinea-pigs and rabbits are relatively resistant to 
intracerebral infection. Infective monkey or mouse brain, when inoculated on 
to the prepuce, is able to reproduce the typical disease in human subjects (Levaditi 
et al. 1932, 1935, Wassen 1935). 

iEtiology. The causative virus passes through Berkefeld N and Chamber- 
land L3 candles, though the results are said to be inconsistent. According to 
Miyagawa and his colleagues (1935c) and to Broom and Findlay (1936), its probable 
diameter is about 0* 125-0* 175//. It is destroyed by exposure to a temperature 
of 56 C. for 10 ixiinutes, and is readily inactivated by glycerol and by 0*1 per cent. 
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formol. At 4° C. it remains virulent for about 3 weeks. Tke virus is difficult 
to grow ill tissue culture (Miyagawa et al. 19366), but it can be propagated indefi- 
nitely by passage tlirougb the yolk sac of the developing chick embryo (Bake 
et al. 1940, 1941). An infection occurs that proves fatal to the embryo in 3 days 
to 2 weeks. Virus is present in large quantity in the wall of the yolk sac and 
in the yolk itself. Elementary bodies, demonstrable by histological methods, 
have been described by various observers in infected tissue from man, monkeys, 
and mice (for references see Findlay et al. 1938). They are sometimes referred to 
as the granulo-corpuscles of Miyagawa (Miyagawa et al. 1935^, 6). JTeutralizing 
antibodies may be detected in the serum of patients suffering from the disease 
and in the serum of inoculated rabbits. According to Bake and Jones (1944) 
the virus is able to give rise, when grown in the yolk sac of the chick embryo, to 
a thermolabile endotoxin killing mice, injected intravenously, in 12 to 24 hours. 

Observations by Findlay, Mackenzie and MacCallum (1938) have shovn that in the 
brain of mice the elementary bodies, which stain reddish-purple with Giemsa, swell up 
to 3 or 4 times their original size, forming large bodies, which take on a bluish-purple 
tint. These are grouped in a compact morula-hke mass, probably intracellular in situation. 
Later some of the bodies break away and enter other ceUs. Gradually the large forms 
disappear, and are replaced by masses of small forms, which may be collected within 
cyst-Hke spaces. From these, the small forms or elementary bodies are liberated, and 
are again capable of infecting fresh cells. This sequence of smaU and large forms has 
been described as a developmental cycle, but the picture is so similar to that which is 
seen in ordinary bacterial cultures (see Chapter 4) that it is probably wiser not to use the 
expression. For a pictorial representation of cytoplasmic inclusion bodies in the brain 
of the experimentally infected mouse, the coloured plates in a paper by Ishinutsu (1937) 
may be consulted as well as those of Findlay and his colleagues. Elementary bodies 
may likewise be demonstrated in yolk sac cultures (Rake et al. 1941). 

Diagnosis. — In the diagnosis of the disease the Frei (1925) test is widely used. 
The antigen consists of pus from a bubo, heated to 60*^ C. for 2 hours on 1 day, 
and for 1 hour on the following day. Intracutaneous inoculation of 0-1 ml. gives 
rise in an infected subject to an infiltrated inflammatory area, at least 0-5 cm. 
across, with a small central zone of necrosis. The reaction reaches its height 
after about 48 hours. Injected intravenously, the antigen gives rise to a febrile 
response ; according to Hellerstrom this method is more sensitive than the original 
intradermal test. 

Owing to the difficulty of obtaining and of standardizing test material of human 
origin, an antigen for intradermal use has been prepared from mouse brain. It 
has been reported on favourably by Grace and Suskind (1936). More recently 
an antigen, known as lygranum, prepared from cultures in the developing chick 
embryo, has been introduced. It is said to give rise to fewer non-specific reactions 
than the mouse-brain antigen, though a control test with normal chick embryo 
material must always be carried out (Shaffer et al. 1942, Axelrod 1942, Heisel et al. 
1943). In practice, 0*1 ml. is inoculated intradermally. Readings are made at 
48 and 72 hours. A papule not less than 7x7 mm. is regarded as a positive 
reaction, one less than 5x5 mm. as a negative reaction. The same antigen 
may be used for a complement-fixation test with the patient’s serum. In view 
of the antigenic affinity of some of the pneumonia viruses (see p. 1875) with the 
virus of lymphogranuloma, the strict specificity of the skin and complement- 
fixation reactions must be regarded for the present as open to question (see Blair 
1944, Beeson and Miller 1944). 
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Animal experiments suggest that the disease is susceptible to treatment with 
the sulphonamides. How these drugs act is unknown. They have no apparent 
effect on the virus in vitro (MacCallum and Findlay 1938), nor can any serious 
destructive action be demonstrated in the brain of mice, even though mice suffering 
from meningo- encephalitis are said to he cured by the administration ol sulpha- 
nilamide or sulphaguanidine (Eodaniche 1942). Clinical experience of these drugs 
in the treatment of the disease in man has so far been unsatisfactory (Kramer 
et al. 1944). 

PSITTACOSIS 

This is primarily a disease of birds, which sometimes attacks man. The first 
human case reported was by Bitter (1879-80) in Switzerland, who described the 
clinical and pathological features of the disease. Little attention was paid to 
the disease till 1929-30 when psittacosis appeared in many places throughout the 
world. In the United States alone 74 foci of infection were recognized, and 169 
cases occurred with 33 deaths (Armstrong 1930). The incubation period in man 
is usually about 6-15 days. The disease resembles typhoid fever in many respects 
and is often complicated by pneumonia. Infection occurs by the inhalation of 
infective material excreted by parrots, parrakeets, love-birds (budgerigars), canaries, 
or other birds. Case-to-case infection is rare. Workers in a laboratory where 
the virus is being handled are particularly prone to develop the disease (McCoy 
1934). 

For many years psittacosis was regarded as a disease afiecting primarily birds 
of the parrot family ; but in 1938, following an epidemic of pneumonia among 
the inhabitants of the Faroe Islands, widespread infection was demonstrated 
among the fulmar petrels (Fulmarus glacialis), which breed on the coast and are 
used by the inhabitants as food (Haagen and Mauer 1938, Basmussen-Ejde 1938, 
Bedson 1940), Infection of human beings was four times as common in women 
as in men, and was apparently contracted by the inhalation of infected dust 
during the plucking of the birds’ feathers. Later, Meyer and Eddie (1942) in the 
United States found that chickens were infected ; and Meyer, Eddie and Yanamura 
(1942) showed that latent infection was present in pigeons collected from different 
parts of the States. Indirect evidence of infection of turkeys and ducks has 
been brought by Eddie and Francis (1942). In this country the isolation of the 
virus from pigeons has been reported by Andrewes arid Mills (1943), It is thus 
evident that psittacosis is a common avian infection. Usually it appears to 
remain latent, but under certain conditions it may give rise to clinical disease 
and prove fatal. Man is infected mainly from parrots and budgerigars, owing 
possibly to his closeness of contact with these birds. 

In parrots the disease is characterized by diarrhoea, shivering, weakness, and 
apathy. Bespiratory disturbances may develop, accompanied by croaking noises 
and the secretion of mucus. Becovery often occurs, and is followed by a con- 
siderable degree of immunity to fresh infection. Latent infection appears to be 
widespread among parrots, cockatiels, lorikeets, budgerigars, and similar birds in 
their native countries, while in many aviaries in Europe and America the disease 
is endemic (Meyer and Eddie 1934, Burnet 1935). Pathologically the disease in 
parrots is essentially an infection of the liver and spleen with occasional involve- 
ment of the lungs. Multiple necrotic areas are found in the liver, and the infective 
agent is present in the blood, internal organs, nasal discharges, and faeces (Bivers 
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et at 1931 ). Infection can be transmitted experimentally to budgerigars, parrots, 
mice, rabbits, guinea-pigs, and monkeys by suitable methods of inoculation. In 
mice continuous passage of the virus is readily accomplished by intrap eritoneal 
inoculation of infected liver and spleen suspensions. The animals become ill and 
die in 4 to 20 days ; pneumonia is uncommon, but characteristic changes occur 
in the liver and spleen, similar to those in parrots. Injected intradermally into 
the shaved skin of the rabbit or guinea-pig, the virus gives rise to a local papular 
eruption similar to that caused by the virus of herpes. Intracerebral injection 
into monkeys, rabbits, and guinea-pigs is followed by a meningo-encephalitis, but 
intranasal or intratracheal instillation produces in monkeys a pneumonic disease 
similar to that seen in man (see Bedson and Western 1930, Gordon 1930, Eivers 
and Berry 1931). For a description of the pathological lesions in man and animals, 
see Lillie (1933). 

iSEtiology. — The disease was first thought to be due to Nocard’s bacillus — an 
organism apparently identical with Salm. typhi-murium — but later work showed 



Fig. 298. 

Intracellular colonies of psittacosis virus in rabbit cornea. From a tissue culture. On the 
right the colonies are situated outside the nucleus, which contains three nucleoli. On the 
left the colony is lying over the nucleus, but is not inside it. (x 1500.) 

(From photograph Idndly supplied by Dr. Eobinow.) 

that it was caused by a virus or a virus-like body. Bedson and his colleagues 
have been largely responsible for the aetiological investigation of the disease (Bedson 
et at 1930, Bedson and Western 1930, Bedson 1932, 1936, Bedson and Bland 
1932, 1934). They established the infectivity of human blood ; they trans- 
mitted the infection to budgerigars and mice ; they demonstrated the presence 
of virus-like bodies in infected tissues ; they grew these bodies in tissue culture ; 
and they showed that they were specifically agglutinated by psittacosis antiserum, 
and that they contained two different antigens, one heat-labile and one heat-stable, 
both of which were demonstrable by the complement-fixation reaction. Micro- 
scopical examination of suitable infective material, such as the tissues of mice 
suffering from the disease, reveals the presence of minute coccal and bacillary 
bodies, arranged singly and in pairs, and bearing a resemblance to rickettsiae and 
to Paschen granules. They were described almost simultaneously by Levinthal 
(1930) in Germany, Coles (1930) in England, and Lillie (1930) in the United States, 
and are therefore sometimes referred to as L.O.L. bodies. They can be stained 
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with Giemsa, and better still with River’s niodihcation of Castaneda’s rickettsial 
stain. They can be thrown down almost completely by centrifugation at 5,000 
r.p.m. for 2 hours. They are largely held back by a Berkefeld N, a Chaniberland L2, 
or a Seitz EK filter, but go through a gradocol membrane Laving an average pore 
diameter of 0*6 fjL. Their probable size is about 200—300 (Levintlial 1935, 
Lazarus et al. 1937). In tissue culture they increase rapidly in size, become 
embedded in a homogeneous ground substance, and are later replaced by smaller 
bodies (see Bland and Canti 1935). They can be cultivated on the chorio-allantoic 
membrane of the developing chick embryo for months without loss of virulence 
for mice, and can be consistently recovered from the spleen and liver of the embryo, 
which usually dies in 3—4: days (Burnet and Rountree 1935, Lazarus and Meyer 
1939). They cannot be grown in the absence of living cells, nor do they appear 
able to grow extracellularly in tissue cultures (MacCallum 1936). They survive in 
frozen mouse spleen for 2 months, but die out rapidly in 50 per cent, glycerol 
phosphate at 6° C. Injected into guinea-pigs, they give rise to the production of 
agglutinins. The nature of these bodies is still in doubt, but in their general 
characteristics they would appear, as already pointed out, to be intermediate 
between the rickettsise and the filtrable viruses. 

Owing to minor differences in pathogenicity of virus strains isolated from 
different avian hosts, Meyer, Eddie and Yanamura (1942) have suggested that 
the term psittacosis should be reserved for human infections contracted from 
psittacine birds, and the term ornithosis used for infections from petrels, pigeons 
and chickens. The wisdom of such a suggestion is open to doubt. If the practice 
should become established of coining a special name for the disease caused by every 
antigenic or pathogenic variant of an organism, then the whole nomenclature 
of the bacterial and virus infections will have to be revised. 

Diagnosis and Immunity. — A rapid diagnostic test for the human disease, 
consisting of intraperitoneal injection of the patient’s sputum into mice and the 
subsequent demonstration of elementary bodies in impression smears from the 
liver and spleen, has been described by Rivers and Berry (1935). The virus may 
be present in the patient’s blood during the first four days of illness. The serum 
of convalescent patients contains complement-fixing bodies, but has little neutraliz- 
ing power (Bedson 1933). Post-mortem material should consist of portions of 
pneumonic lung, any pleural or pericardial effusion, the liver, and the spleen. 
Suspensions, lightly centrifuged or passed through a coarse filter, should be injected 
intraperitoneally into mice ; negative results, however, are common. The demon- 
toation of virus in suspected birds is best accomplished by direct microscopical 
examination and by mouse inoculation (see Report 1937). 

Vaccination experiments are still in the early stage. Bedson (1933, 1938) has 
been able to immunize mice by inoculation with a OT per cent, formolized vaccine, 
in which no living virus could be demonstrated. Protection is not complete, 
even against small doses ; infection almost invariably results, but remains latent — 
often for several months. Specific neutralizing bodies appear in very low titre 
in the blood of the vaccinated animals (see also Rivers and Schwentker 1934, 
Yanamura and Meyer 1942). According to Heilman and Herr ell (1944), penicillin 
is of value in treatment of the experimental disease in mice, but it is doubtful 
whether it is similarly effective in human beings. Por a general description 
of the disease and investigations on it, see also Sturdee and Scott (1930), Bran- 
ham et al. (1930), Rivers (1934), Lazarus and Meyer (1939), Enders (1914). 



VlltUS PNEUMONIAS OF MAN AND ANIMALS 


1875 


Paclieco and Bier (1930), it may be noted (for further references, see Eivers and 
Scliwentker 1932), described a disease of parrots in Brazil wMch closely resembled 
psittacosis in its clinical picture and in the macroscopic focal areas of necrosis 
found in the liver at post mortem, but which differed from psittacosis in certain 
respects. Thus, infection was confined to birds of the parrot family ; it could 
not be transmitted to other laboratory animals ; man appeared to be insusceptible ; 
the virus passed readily through Berkefeld N and Chamberland B candles ; and 
the parasitized cells contained acidophilic intranuclear inclusions. These observa- 
tions were confirmed by Rivers and Schwentker (1932), who regarded the disease 
as undoubtedly different from psittacosis, 

Smadel, Jackson and Harman (1945) have reported the isolation of a new virus 
from army pigeons suffering from an epizootic disease. It was usually associated 
with the psittacosis virus, but was occasionally found alone. It differed from 
the psittacosis virus in its smaller size, its more rapid growth on the chorio-allantoic 
membrane, its greater resistance to storage at — 20° C., its ability to give rise 
in the parenchymatous tissues of the liver to intranuclear inclusion bodies of the 
herpetic type, and its lack of pathogenicity for rabbits, guinea-pigs or mice. It 
is referred to as the I.N.L (intranuclear inclusion) agent. Whether it is related 
to the virus producing intranuclear inclusions in parrots is doubtful. 

VIRUS PNEUMONIAS OF MAN AND ANIMALS 

A study of primary pneumonia during the past few years has revealed a con- 
siderable, and apparently increasing, proportion of cases that cannot be ascribed 
to infection with known bacteria. The majority of these cases have been char- 
acterized by a relatively mild illness of insidious origin, widespread lesions in the 
lungs as revealed by X-ray examination, a fairly prolonged course, absence of 
leucocytosis, insusceptibility to sulphonamide treatment, and a very low case 
mortality (see Brancis 1944). Epidemiological studies by Dingle and his colleagues 
(1943, 1944) at Camp Claiborne, Louisiana, suggest that the disease has a fairly 
long incubation period — 2 to 3 weeks — ^that it does not spread readily by contact, 
that it has no marked seasonal incidence, and that in all probability the pneumonic 
lesions represent merely a complication of a widespread respiratory infection, 
in much the same way as meningitis is sometimes superimposed on a basic epidemic 
of meningococcal rhinopharyngitis. On the other hand, groups of cases have 
been described by Reimann (1938) and others in which the disease has been very 
much more severe. 

The aetiology of these pneumonias is still in doubt. Besides the rickettsiae of 
Q fever (see p. 1850) several well-known viruses, such as the influenza virus, the 
psittacosis virus, the lymphocytic choriomeningitis virus, and the measles virus 
may give rise to pneumonia, but in many cases of the type of pneumonia we are 
now considering none of these viruses has been demonstrated. Numerous workers, 
however, have reported the isolation of viruses of one sort or another from human 
pneumonia patients ; but it is as yet too early to form any clear picture of the 
relation of these viruses to each other or to the part they play in the causation 
of pneumonia in man and animals. Investigators have suffered from the necessity 
of using animals for purposes of isolation, rendering it impossible to tell whether 
the virus so obtained was derived from the patient or from a latently infected 
animal whose infection had been stimulated to activity by the introduction of 
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foreign non-specific material. It seems probable that more than one type of 
virus is concerned in the production of pneumonia, and that more than one type 
of clinical disease in man will eventually be defined. On this assumption we shall 
refer to this group of diseases as the virus pneumonias,” in preference to the 
common term “ atypical pneumonias,” which is either meaningless or misleading. 
Brief mention may be made of some of the more important viruses that have been 
isolated. 

The meningo-pneumonitis virus was isolated repeatedly by Francis and MagiE (1938) 
from ferrets that had been inoculated with throat washings of human patients suffering 
from an epidemic influenza-like disease. Whether it was derived from the patients or 
from the ferrets it was impossible to say. The virus passed through a Berkefeld V but 
not an N candle, and through a gradocol membrane of 430 mfx A.P.D., but not through 
one of 250 It grew readily on the chorio-aUantoic membrane of the developing 

chick embryo, but not in chick-embryo Tyrode tissue cultures. It was pathogenic for 
ferrets and mice by intranasal, subcutaneous, and intraperitoneal inoculation, and for 
monkeys, rabbits, and guinea-pigs by subcutaneous or intraperitoneal, but not by intra- 
nasal, inoculation. Intranasal inoculation of ferrets and mice w^as foUovt'ed by pulmonary 
consolidation, from which the ferrets recovered and the mice usually died. Intracerebral 
inoculation of mice caused paralysis and death in 2 to 10 days, according to the dose. 

Weir and Horsfall (1940) isolated a virus from pneumonia patients by intranasal 
inoculation of throat washings into the wild mongoose {Herpestes griseus). The virus 
passed through a Berkefeld N candle ; it grew on the chorio-aUantoic membrane of the 
developing chick embryo ; it gave rise to pulmonary consolidation in the mongoose j 
it passed fiom mongoose to mongoose by contact; it was non-pathogenic for ordinary 
laboratory animals, including the ferret ; and it was neutralized by sera of human patients 
convalescent from pneumonia. 

Horsfall and Hahn (1940) demonstrated the presence of a virus — known as the mouse 
pneumonia virus — in normal mice. Under ordinary conditions it appeared to be avirulent, 
but by serial passage through mice, moculated intranasally with infective lung, it became 
capable of causing a fatal disease characterized by pulmonary consolidation. The virus 
was about 100-150 mp in diameter ; it could be grown in chick-embryo Tyrode tissue 
culture medium ; it was non-pathogenic to other laboratory animals ; it was pathogenic 
to mice only after intranasal inoculation ; and it was neutralized by about 30 per cent, 
of normal human sera. 

Eaton, Beck and Pearson (1941) isolated a virus from four cases of pneumonia. It 
proved virulent for mice by intranasal or intracerebral inoculation, but not by intra- 
peritoneal inoculation. It did not pass through a Berkefeld V candle, and it appeared 
to be closely related to the meningo-pneumonitis virus, though not apparently identical 
with it antigenically (Beck and Eaton 1942). Elementary bodies were demonstrable in 
impression smears from infected organs. 

Gonnert (1941) described a virus found in the lungs of normal mice. It proved highly 
virulent after intranasal mouse passage, giving rise to broncho-pneumonia. In the tissues 
inclusion bodies were numerous. Elementary bodies were visible in large numbers, 
particularly in the leucocjdes. The virus, which is referred to as the broncho-pneumonia 
virus, apparently passed through coarse filters, and bore a close resemblance to the 
viruses of lymphogranuloma, psittacosis and trachoma. 

Nigg and Eaton (1944) described a pneumotropic virus met with in normal mice. It 
proved highly virulent on intranasal inoculation, giving rise in small doses to focal lesions 
in the lungs, and in large doses to extensive consolidation. In the earliest stages of 
iiffection elementary bodies could be demonstrated in the large mononuclear cells. The 
virus had no afSnity for the nervous system. It could be cultivated in the yolk sac of 
the developing chick embryo. It was pathogenic to mice and hamsters, but not to rabbits. 
By complement-fixation and cross-immunity tests it could be distinguished from other 
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mouse pneumonia and meningo-pneumonitis viruses. According to Rake SkaflFer, and 
Thygeson (1942) it is susceptible to sulpkonamides. 

Eaton, Meiklejohn, and van Herick (1944) were able to demonstrate a virus, derived 
from buman pneumonia patients, by intranasal inoculation of cotton rats (Sigmodon 
Mspidus), Pulmonary consolidation was produced, and the virus could be carried over 
by serial passage. It could be adapted to grow in the developing chick embryo. No 
elementary bodies were found in infected tissue, and the virus proved non-pathogenic 
to other laboratory animals. The virus was neutralized by the sera of human convalescents. 
Owing to the absence of demonstrable elementary bodies in the tissues, it is doubtful 
whether this virus should be included in the lymphogranuloma-psittacosis group. 

Other viruses from human pneumonia patients have been described by Stokes, Kenney 
and Shaw (1939), Rose and MoUoy (1943) and Karr (1943). 

The relation of these viruses to each other is still under discussion. Complement- 
fixation, cross-immunity, and animal pathogenicity tests suggest that some of 
them, at least, are closely allied to the lymphogranuloma and the psittacosis 
viruses, and that with these they form a group analogous to that of the animal- 
pox or the pleuropneumonia viruses (see Rake, Eaton and Shaffer 1941, Eaton, 
Martin and Beck 1942, Pinkerton and Moragues 1942, Horsfall et al. 1943). 

In some cases of virus pneumonia, cold agglutinins^ i.e. agglutinins acting 
on human red corpuscles at 0° C. but not at 37° C., can be demonstrated in fairly 
high titre and may be of value in diagnosis (Turner 1943, Turner et al. 1943, Peterson 
et al. 1943, Horstmann and Tatlock 1943) ; though it must be remembered that 
they may occur in other diseases such as paroxysmal heemoglobinuria, tropical 
eosinophilia and trypanosomiasis (see Viswanathan and Natarajan 1945). For 
references to papers on virus pneumonia in man, the reader should consult an 
article by Dingle and Finland (1942). 

Cat Distemper 

A disease, known variously as distemper, nasal catarrh, or influenza, has been 
studied to a limited extent in the cat (Hindle and Findlay 1933, Dalling 1932, 
1934, Baker 1942, 1944). It appears to be caused by a virus entirely different 
from that infecting dogs. The disease is highly infectious, debilitating, and lasts 
about a month. It is characterized by sneezing and coughing, and a mucopurulent 
discharge from the eyes and nose. Pneumonia is not usually detectable during 
life, but if the animal is killed, greyish densely consolidated areas are found in 
the anterior lobes of the lungs. The disease can be reproduced in cats by intra- 
nasal infection with ground-up pneumonic lung; parenteral inoculation causes 
only a mild fever. Mice injected intranasally die in 3-5 days, and after serial 
passage of virus in 2-3 days. Infection can be transmitted to rabbits, guinea-pigs, 
and hamsters as well by intranasal inoculation, but only mice and hamsters die. 
Films from the lungs of these animals, show dense plaques and aggregations of 
elementary bodies similar to those seen in psittacosis. The virus appears to be 
fairly large, as it does not pass Berkefeld N candles, except in very small amount. 
It can be grown in the yolk sac of the developing chick embryo. It is killed at 
50° C. in 30 minutes. In 50 per cent, glycerol it is inactivated, within about a 
month. The serum of convalescent cats contains specific oomplement-fiLxing 
bodies. 

Baker’s virus is similar in many respects to the virus of mouse pneumonia 
described by Nigg (1942). Thomas and Kolb (1943), who have compared the 
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two, find tliat tliej are related antigenically, not only to each other, but to the 
virus of psittacosis. According to Hamre and Kake (1944:), Baker’s feline pneu- 
monitis virus differs from the meningo-pneumonitis virus (see p. 1876) in the nature 
of its toxin and corresponding antitoxin, and in the larger dose required to set 
up infection in mice by intracerebral inoculation. 

Another virus isolated from feline pneumonia, but differing from Baker’s virus, 
was described by Blake, Howard and Tatlock (1942). It may be noted that cases 
of pneumonia in human patients and in cats have not uncommonly been associated, 
though there is yet no definite evidence to show that the same virus was responsible 
for both. 


TRACHOMA 

Since Noguchi (1927, 1928) described the isolation of a very small Gram-negative 
bacillus, Bad. granulosis (see p. 901) from 4 out of 5 American Indians suffering 
from trachoma, extensive investigations on the setiological significance of this 
organism have been carried out in different parts of the world, and a voluminous 
literature has sprung up. 

Noguchi found that the inoculation of pure cultures of this bacillus beneath the con- 
junctiva and on to the scarified conjunctiva of rhesus monkeys was followed in 2 to 4 weeks 
by a granular conjunctivitis, which slowly progressed till after 2 to 5 months the inoculated 
conjunctiva closely resembled the human trachomatous conjunctiva in the early stages 
of the disease. The lesions were follicular ; they extended over the tarsus, which became 
thickened ; and in one monkey definite scar formation occurred. Histologically the 
lesions were closely similar to those found in human trachoma. The disease could be 
passed in series from monkey to monkey, and the organism could be recovered from the 
experimental lesions produced. The organism had no effect when inoculated into the 
conjunctiva of the rabbit. 

Attempts to confirm Noguchi’s findings have met with a varied degree of 
success. Olitsky (1930) and Olitsky, Knutti and Tyler (1931a, c) claim to have 
succeeded in isolating Bad. granulosis from natural trachoma in human beings 
and from monkeys infected with human trachomatous material, and to have 
conveyed the disease to rhesus monkeys by conjunctival inoculation with pure 
cultures of this organism. On the other hand, several workers including Wilson 
(1931) in Egypt, Bengtson (1932) in the United States, Schuurman (1932) in Java, 
and Tang and Chou (1935) in China have failed to isolate this organism during 
the investigation of large numbers of cases. 

Two factors contribute to this confusion. The first is the varying definition 
of trachoma adopted by different workers : the second is the spontaneous occur- 
rence in monkeys of a follicular conjunctivitis simulating in some respects trachoma 
in human beings (see Wilson 1928, Olitsky and Tyler 1933, Olitsky, Syverton 
and Tyler 1933). Trachoma is a chronic disease progressing from early con- 
junctival inflammation to late hypertrophy and cicatricial changes. According 
to Bland (1944a), the four characteristic signs are : (1) inclusion bodies — described 
as Lindner s initial bodies ” and “ von Prowazek-Halberstaedter inclusion bodies ” 
(see Bengtson 1928) — ^in conjunctival epithelial scrapings ; (2) follicular reaction 
in the tarsus as well as in the fornices ; (3) invasion of the cornea by blood vessels ; 
and (4) subsequent scarring of the conjunctiva. Bland has found that grivet 
monkeys [Lasiojgyga griseoviridis : syn. Cercopithecus cethiops) and vervet monkeys 
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{Lasiopyga 'pygerythm : syn. Cercopithecus pygerythm), both of which suffer from 
spontaneous folliculosis, can be infected with trachoma— as shown by subsequent 
inoculation of human volunteers— but that the trachomatous reaction cannot be 
distinguished clinically or histologically from folliculosis. These animals are 
therefore useless for most experimental purposes. Baboons {Papio hamadryas) 
are likewise prone to develop spontaneous folliculosis (Bland 19446). On the 
whole, Bland (1944c) seems to regard Macacus rhesus as the most reliable experi- 
mental animal, though only about 50 per cent, of the animals are susceptible 
to trachoma. 

Some workers, notably Busacca (1933, 1937) and Cuenod and Nataf (1936, 
1937, 1938), regard the disease as a rickettsial infection. 

Microscopical examination reveals the presence of tiny coccoid bodies, 0-2-0’3 g in 
diameter, staining pale blue with May-Griinwald-Giemsa, occurring sometimes in enormous 
numbers in epithehal cells removed by gentle scraping from the conjunctiva. The name 
Rickettsia trachomatis has been suggested for them (Foley and Parrot 1937). The organism 
is said to have been cultivated in the louse’s intestine and then to have reproduced the 
disease in monkeys and in a blind human eye. In addition numerous workers have 
reported a positive Weil-Felix reaction in trachoma, particularly in the acute stages. 
None of this evidence is entirely convincing. The occurrence of epithelial cell inclusions 
is equally compatible with a virus origin. The cultivation of rickettsiae in the louse’s 
intestine has not been confirmed by workers like Weigl (1939) and Trapesontzewa (1939), 
who took the precaution to work with Mce free from Rickettsia rochadimce. Durand and 
Lumbroso (1938) in Tunis found, in contradistinction to Poleff and Nain (1938a, h) in 
Morocco, that control patients gave a Weil-Fehx reaction almost as often as trachomatous 
patients. Moreover Kirk, McKelvie and Drysdale (1939), working in the Northern Sudan 
where typhus is absent, examined 200 sera from patients in different stages of trachoma, 
but failed to find a single one that agglutinated Proteus OX 2 or Proteus OX 19 above 1 /25. 

More recently, the conviction has been growing that the disease is of virus 
origin, 

Julianelle, Harrison and Morris (1937) were able to confirm a previous observation 
of Nicolle and Cuenod (1921), namely that the infective agent remains alive for several 
days in the rabbit’s testicle — an observation that may be utilized for freeing trachomatous 
material from contaminating bacteria. It does not, however, survive testicular passage. 
Filtration experiments were unsatisfactory ; in nine attempts to filter the infective agent 
through a Berkefeld V candle or a collodion membrane of 0*6 g A.P.D. the results were 
uniformly negative. Tissue cultures were likewise unsuccessful'. The agent was found 
to survive in the ice-chest for 2 or 3 days as a rule, but exposure to a temperature of 
45°-50° C. or to 25 per cent, bile at 37° C. inactivated it in 15 minutes. Thygeson (1934a) 
claims to have demonstrated the presence of elementary bodies, about 0-25 g in diameter, 
in trachoma, and to have filtered them successfully through a collodion filter of O-G-O-VS g 
A.P.D. Bake, Shaffer and Thygeson (1942) have shown that the serum of- trachomatous 
patients can fix complement in the presence of a lymphogranuloma antigen, suggesting 
that the infective agent of trachoma is related to that of lymphogranuloma inguinale. 
Likewise both organisms are reported to be susceptible to sulphonamides. 

Julianelle (1938), who has reviewed the whole evidence in a monograph that 
should be consulted by those desirous of further information, sums up the, known 
properties of the infective agent of trachoma as follows : low infectivity, even 
for man ; occasional fiiltrability ; high degree of tissue specialization ; poor 
antigenicity ; inability to grow in tissue culture ; sensitivity to deleterious agents ; 
and power of prodnotion of inclusion bodies in the invaded tissues. All these 
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properties suggest tliat tlie causative agent is a virus. Tlie final proof of this 
conclusion is still awaited. 

Though trachoma is said to be favourably infiuenced by treatment with the 
sulphonamides, it is very doubtful whether these drugs have any direct action 
on the virus. Such improvement as is observed seems to be more probably due 
to their influence on secondarily infecting agents (see Lavery 19d5). It may be 
added that Bernasconi (1941, 1943) brings evidence to suggest that nutritional 
deficiency plays an important aetiological r61e and that the disease can be cured 
by the addition of Vitamins A and D to the diet. 

Inclusion Blennobb-hoea 

Inclusion blennorrhcea is a disease that attacks the eyes of new-born infants 
and of adults. Though it closely resembles trachoma in many respects, the balance 
of evidence seems to be against the identity of the two diseases. The name inclusion 
blennorrhoea was coined by Linder (1911), who distinguished the disease in the 
new-born from gonorrhoeal ophthalmia. According to Thygeson (19346) and 
Thygeson and Mengert (1936), whose papers the reader should consult for references 
to the observations of previous workers, the onset of the disease in infants is 5 to 
9 days after birth. It is characterized by the presence in some of the conjunctival 
epithelial cells of cytoplasmic inclusion bodies indistinguishable from those of 
trachoma, by its acute onset, its failure to produce destructive lesions of the cornea, 
its long duration — 3 to 12 months — and its resistance to treatment In adults 
the disease is sometimes referred to as swimming bath conjunctivitis, though it 
is clear that such a term includes common infections due to bacteria such as the 
Koch-Weeks bacillus as well as the disease we are now considering (see Julianelle 
1938). The observations of Thygeson and of Julianelle, Harrison and Lange 
(1938) show that inclusion blennorrhoea can be transferred to monkeys, especially 
baboons, and that, in contrast to experimental trachoma, inclusion bodies can be 
demonstrated in the conjunctiva of the inoculated animals. Elementary bodies 
about 0*25 g, in diameter are found in infective material ; they can just pass a 
collodion filter of 0*7 jx A.P.I). Tissue cultures have so far been unsuccessful. 
The disease does not seem to be highly contagious. There is evidence that it 
affects primarily the genital tract, and that the eye is infected by contamination 
with material from this source. Like trachoma, it is said to be susceptible to 
sulphonamides (Bake et al. 1942), but this is doubtful. 


It may be mentioned that the disease Heartwater of cattle is sometimes included 
in this group, but as the evidence is not entirely conclusive, we have considered 
it best to leave it in the rickettsial diseases (see p. 1862). 
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CHAPTER 86 

FILTRABLE VIRUS DISEASES- -Continued 
B. GEOUP CHARACTEEIZED BY LESIONS OF THE SKIN 
VARIOLA AND VACCINIA 

Variola, or smallpox, is a disease of great antiquity, of widespread distribution, 
affecting both, sexes at all ages, and occurring both endemically and epidemically. 
According to Eajchman (1928) there were over 300,000 cases of the disease in the 
world in 1927 ; in India alone it causes about 50,000 deaths annually. In recent 
years, however, smallpox has been characterized by an almost universal de- 
crease in the case-mortality rate. There seems little doubt that this is 
due largely to the occurrence in many localities of a mild type of disease, 
usually referred to as ‘‘variola minor” or “ alastrim.” There are in fact two 
entirely distinct types of the disease : (1) the classical type, variola major, with 
severe symptoms and a case-mortality rate of 10-30 per cent. : (2) the mild type, 
variola minor or alastrim, with mild symptoms and a case-mortality rate of only 
0-1-0-3 per cent. In some countries the two types may coexist side by side ; 
thus in 1922 there was an epidemic of the mild type in the Midlands and North 
of England, in which 895 cases were reported with only 3 deaths — a case-mortality 
rate of 0*3 per cent. — and a smaller epidemic of the classical type in London, 
in which 78 cases were reported with 24 deaths — a case mortality of 31 per cent, 
(see also Report 1938). In the United States the number of reported cases fell 
from 42,679 in 1930 to 4,346 in 1934 — apparently as the result either of the replace- 
ment of variola major by alastrim, or of the widespread immunization of the 
population against variola major by unrecognized infections with alastrim (see 
Russell 1941). Whether alastrim is, as the name variola minor implies, merely 
a mild form of smallpox or a separate disease is still in doubt (see p. 1889). 

The mode of infection in smallpox is not clear. It used to be thought that 
infection occurred from the inoculation of the skin with dried pustules and scabs, 
but this is now believed to be an unusual method. Epidemiological and experi- 
mental evidence points to infection by the nasopharyngeal route. The observations 
which indicate that infection is not usually carried by dried pustules and scabs are : 

(1) cases of smallpox occur without a rash which nevertheless prove infectious ; 

(2) experimental inoculation of the skin with variola seldom leads to more than a 
mild disease with imperfectly developed pocks. On the other hand, the virus is 
said to be generally present in the nasopharynx of patients, and to be sometimes 
demonstrable in this situation even during the incubation period. Yon Wasielewski 
and Winkler (1925), who review the evidence, conclude that the virus is coughed 
out in droplets, and gives rise to infection of the mucosa of the upper respiratory 
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tract ; from the infected mucosa the virus is then distributed to all parts of the 
body. 

That variola is primarily caused by a filtrable virus, there is no doubt. 
Filtration experiments are not, however, always successful, probably because 
of the imperfect liberation of the virus from the cells, or its adsorption by 
particulate matter in the suspension (see Green and Eagles 1931). During the 
disease the virus appears to be widely distributed throughout the body ; it has 
been demonstrated in the blood stream (Ohtawara 1922, Parker and ¥ye 1925a, 
von Wasielewski and Winkler 1925, Haagen 1928). Though Levaditi (1924) 
maintains that the chief manifestations of the disease result from an affinity of the 
virus for the skin, there is now little doubt that the primary action of the virus 
is on the mesoderm ; for this reason it is sometimes referred to as '' viscero- 
tropic ” (see Ledingham 1924, Hurst 1936). 

The cultivation of the virus of variola, and of the closely associated vaccinia 
virus, in the rabbit’s testicle, in tissue cultures in vitro, and on the chorio- 
allantoic membrane of the developing chick embryo, has already been described 
(Chapter 41). 

Animal Inoculation. — Smallpox cannot be reproduced in its typical form in 
any of the lower animals. In calves and rabbits only minimal lesions are produced ; 
and if material from these lesions is passed continuously through a series of 
animals, the virus is so altered that it gives rise to vaccinia or cow-pox, and 
reproduces this type of infection when again inoculated into a child. 

The most susceptible animal to variola is the monhey. Intracutaneous inoculation 
of pus from a human patient gives rise to a papule after 5 days ; by the 8th day this 
is vesicular, and by the 10th day a typical pock is formed, with a raised congested edge 
surrounding a crateriform depression, partly filled with dark purulent material (Blaxall 
1923, Gordon 1925). Intratesticular inoculation of the monkey with variola virus gives 
rise to an orchitis with the appearance of a rash on the scrotum. Passage from one 
monkey to another is almost uniformly successful. Oats and dogs are said to be less 
susceptible than monkeys, but more so than rabbits. Infection in the less susceptible 
animals may be of the “ inapparent ” type, in which immunity develops in the absence 
of any clinical manifestations of disease (Teissier et al, 1931). Pus from cases of alastrim 
gives rise to very much the same lesions as that from the classical type of smallpox. 

Both calves and rabbits can be readily infected with vaccinia. Inoculation of the 
scarified skin of a rabbit with calf lymph causes a red swelling on the 3rd day, which 
increases until a red papule is formed, surrounded by a red areola ; the papules become 
vesiculated about the 5th day, and tend to coalesce and to become pustular ; scabbing 
follows on the 7th or 8 th day. A good calf lymph should give a reaction in the rabbit 
when diluted 1/1000; sometimes a reaction occurs even in a 1/100,000 dilution. If 
vaccine lymph is inoculated intravenously into a rabbit, and a portion of the skin is 
thereafter shaved, vaccinial papules appear about the 3rd day on the shaved area 
(Calmette and Guerin 1901). In poorly nourished and in nursling rabbits the susceptibility 
of the skin to infection is said to be decreased (Sprunt 1942, Pearce et al. 1936). If a 
very large dose of vaccine lymph is inoculated intravenously into a rabbit — 1 to 2 ml. 
of undiluted stock emulsion — or a highly virulent virus is employed, a generalized eruption 
occurs over the entire body surface, and lesions may develop in the internal organs (Hoguchi 
1918, Douglas et al. 1929, Armstrong and Lillie 1929). Subcutaneous inoculation may 
give rise to a local pustular eruption, but often no superficial lesion appears at all. Intra- 
testicular inoculation results in the development of an orchitis and oedema of the scrotum ; 
the animal dies about the 6th day. Inoculation on the scarified cornea gives rise to a 
keratitis and piorulent conjunctivitis. Intracerebral inoculation of rabbits is followed 
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by trembling, paralytic, and other nervous symptoms and by death on the 6th to the 
8th day ; the brain and spinal cord of these animals prove infective to fresh rabbits, 
when inoculated on to the cornea or intraoerebrally (Mario 1920). After mtranasal 
inoculation, the virus can be demonstrated in the cervical lymph glands in about 12 hours ; 
it appears to become attached to the lymphocytes and hence finds its way into the blood 
stream (Yoffey and Sullivan 1939). 


a 
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Fig. 299. 

Gruamieri corpuscles in corneal cells of rabbit experimentally inoculated with vaccinia virus. 
a = normal comeal cell. 

b = cell one day after inoculation, containing small vaccine bodies. 

c ~ cell 2 days after inoculation, containing a solitary vaccine body in which large and small 
droplets may be distinguished. 

d — cell 4 days after inoculation, showing a vaccine body partly surrounding the nucleus, 
e = cell 5 days after inoculation, showing vaccine bodies surrounedng the nucleus. 

/ = cell 5 days after inoculation, containing numerous vaccine bodies. 

(After Cowdry 1927.) 

In mice a vesiculo-pustular reaction may often be obtained by inoculation of the 
scarified foot pad or tail with vaccinia virus (Rosenau and Andervont 1931). 

Btistologicallij , the main lesion in the rabbit inoculated intracutaneously is a diffuse 
perivascular infiltration of the dermis ; the changes in the epidermis appear to be 
secondary to this. According to Ledingham (1924) the vaccinial lesion is essentially 
an acute infective granuloma in which the reticulo-endothelial system is primarily and 
dominantly involved. By continued passage through the brain of rabbits, the vims may 
acquire more or less fixed properties — ^like the virus of rabies — causing death regularly 
in 5 to 8 days (Marie 1920). To this fixed virus the term “ neurovacoine ” is applied 
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by Levaditi and Nicolan (1923). The virus, though having a special affinity for the 
nervous tissue, is still able to produce typical lesions on cutaneous inoculation. 
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Guamieri Corpuscles and Elementary Bodies. — As long ago as 1892 Guarnieri 
(1894) observed in the lesions of variola and of vaccinia peculiar intracellular 
bodies, which he regarded as being of protozoal nature. When stained by methy- 
lene blue, the body shows a slightly 
stained spherical mass lying eccen- 
trically, and surrounded by a clear 
area, which in its turn is encircled 
by a number of small granules. 

These Guarnieri corpuscles may be 
produced very rapidly — in a few 
hours — by inoculation of the scari- 
fied cornea of a rabbit with the 
vaccinia virus. Fixed, and stained 
with methylene blue and eosin, they 
appear as irregular pink and lilac 
masses, which indent the nuclei, and 
which may contain acidophihc or 
basophilic granules (Figs. 299, 300). 

Besides the Guarnieri corpuscles, 
which are always present at some 
stage in variolous and vaccinial 
lesions, very tiny intracellular 
bodies, 0-1-0-25 ^ in diameter, have 
been described ; they are generally 
called “ Paschen’s granules ” (see 
Fig. 232, p. 953). The work of 
Ledingham and his colleagues, of 
Paschen, and of others (see Chap- 
ter 41) leaves no doubt that the 
Paschen granules, or elementary 
bodies as they are often called, 
constitute the actual causative 
virus of the disease. The Guarnieri 
corpuscles probably represent in- 
tracellular microcolonies of the 
virus. The microscopical demon- 
stration of the virus particles in situ 
may be accomplished by suitable 
staining methods (see Taniguchi 
et al. 1932a, Haagen and Kodama 
1934, Herzberg 1934, 1936, Tang 
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Fig. 300. 

Guarnieri corpuscles in the cornea of an experiment- 
ally inoculated rat. 

a — five small vaccine bodies in congeries. 

h — fully developed vaccine body. 

c s= vaccine body showing reticulum breaking up 
into granules ; similar granules throughout 
cytoplasm. 

d = vaccine body with central portion consisting 
of homogeneous material. 

N — nucleus. 

(After Ewing.) 


and Wei 1937). For a description of the 
general properties of vaccinial elementary bodies, the reader is referred to the 
review by Smadel and Hoagland (1942). 


Laboratory Diagnosis of Smallpox. — The antigenic structure of the vaccinia 
virus has already been considered in Chapter 41. The serological diagnosis of 
smallpox is made by mixing a suspension of ground-up variolous material with 
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an antivaccinial rabbit serum, and incubating at 37 G. A positive reaction is 
marked by tbe appearance of a finely floccular precipitate, similar to tbat obtained 
with vaccinial material (Gordon 1925). Using tbis metliod, Tiillocb (1928) was 
able to make a rapid diagnosis of smallpox during the course of an epidemic in 
Dundee, Since then, the value of the flocculation test has become increasingly 
obvious. The careful studies of Burgess, Craigie and Tulloch (1929) and Craigie 
and Tulloch (1931) show that it constitutes an important practical method in 
the rapid diagnosis of doubtful cases of smallpox. For a description of the 
detailed technique reference should be made to the report by Craigie and Tulloch 
(1931). The serum of patients suffering from variola may also agglutinate sus- 
pensions of elementary bodies (Amies 1932). The reaction appears to be specific 
for variola and vaccinia. Some discussion has arisen over its real nature, but 
it is probably a mixed precipitation and agglutination reaction (see Craigie 1932, 
Gordon 1935a, b, Ledingham 1935a, and Chapter 41). Diagnosis may also be made 
by the complement-fixation test using a suspension of crusts or of vesicular fluid 
as antigen. According to Craigie and Wishart (1936) this test is 8-10 times as 
sensitive as the flocculation test. More recently van Rooyen and Illingworth 
(1944) have recommended the direct microscopical examination of suitably stained 
smear preparations from scrapings of papules or vesicles. The elementary bodies, 
of variola and vaccinia are said to be larger, more numerous, and to stain deeper 
than those of varicella. 

Tests depending on animal inoculation are less satisfactory. McKinnon and Defries 
(1928) and Defries and McKinnon (1928) find that the intracutaneous inoculation of 
variolous material into rabbits produces a reaction characterized by a red palpable swell- 
ing, commencing on the 2nd day and reaching its maximum about the 4th day, when 
it appears as a firm, elevated plateau, 10-20 mm. in diameter ; subsequently the central 
red area becomes straw-coloured, and desquamation or crust formation may occur ; the 
lesion disappears by the 12th day, leaving no scar. On the other hand, if the variolous 
matter is injected into vaccinated rabbits, either no reaction occurs at all, or there is 
an allergic reaction, characterized by the rapid appearance and disappearance of a red 
tense nodule (Blaxall 1923). Material from varicella, as a rule, gives rise to no reaction 
in either normal or vaccinated rabbits, though on this point the evidence is conflicting 
(Hull and Kauss 1926). Paul’s test, which consists in the production of a keratitis 
by inoculation of the rabbit’s cornea with variolous material, is sometimes used in 
diagnosis, but according to Defries and McKinnon (1928) it is positive in only 50 per cent, 
of cases. By inoculating pustular fluid on to the chorio-allantoic membrane of the develop- 
ing chick embryo, and examining for pocks after 2 - 4 : days’ incubation at 35°-36° C., a 
positive diagnosis may sometimes be made (Bohls and Irons 1942) ; but owing to non- 
specific reactions and other pitfalls this method should be used with caution. 

Immunity. 

Oux whole knowledge of immunity may be said to have started with Tenner’s 
discovery in 1796 that inoculation with cow-pox protects against subsequent 
inoculation with smallpox. He believed that cow-pox was really smallpox, 
modifi.ed by passage through the cow — a belief to which investigations of recent 
years have lent considerable support. Cutaneous inoculation of the calf with 
variolous material from man produces insignificant lesions ; but if the material 
from these lesions is passed through further calves in series, then after three or 
more passages a good vesiculo-pustular eruption appears on the inoculated skin. 
This experimentally produced disease is apparently identical with the naturally 
occurring cow-pox. If the pustules are scraped at the height of their develop- 
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ment, ground up in a mortar, and mixed witli glycerolated saline, tlie resulting 
product is indistinguisiiable from vaccine lymph. In practice it is found beneficial 
to pass the vaccinia virus from the calf to a rabbit, from the rabbit to a calf, from 
the calf to a child, and from the child back to a calf, or through some similar series ; 
in this way the activity of the Aurus seems to be better maintained than by con- 
tinuous passage through one species of host. 

Experimentally, rabbits that have been inoculated with vaccinia virus, either 
cutaneously, subcutaneously, or intravenously, become resistant to a second in- 
oculation within about 10 days. If repeated injections are given, the rabbits 
become hyperimmunized, and in their serum neutralizing viricidal antibodies can 
be demonstrated, as well as agglutinins, precipitins, and complement-fixing bodies 
(Ledingham 1924, Gordon 1925, Sobernheim 1925). W. Smith (1929) has brought 
evidence to show that, in rabbits inoculated intravenously, the virus is rapidly 
taken up by the formed elements of the blood — probably the leucocytes — and 
remains in the circulation for at least 8 days. (See also Douglas and Smith 1930, 
Gildemeister and Hilgers 1930.) In order to demonstrate its presence, it is neces- 
sary, however, to fractionate the blood, and use only the washed cells for injec- 
tion. If the whole blood is injected, the presence of the virus is masked by the 
antibodies, which become demonstrable in the plasma about the second day after 
infection, and increase up to the 6th or 7th day. This method of demonstrating 
the virus in material which, when injected in the original state, proves to be non- 
infective, may have an important hearing on future investigations into the dis- 
tribution of the filtrable viruses within the body. (See also p. 1233.) 

By whatever route the virus is introduced, provided an active strain is used, 
a general immunity develops. There is a partial exception to this in the cornea ; 
a vaccinial keratitis renders the affected cornea resistant to further inoculation, 
but not necessarily the opposite cornea or the skin ; similarly cutaneous vaccination, 
though rendering the skin refractory, may yet leave the cornea susceptible (Levaditi 
and Nicolau 1923). According to Sobernheim (1925) this statement must be 
modified ; he brings evidence to show that after cutaneous inoculation the cornea 
does become immune to vaccinia, but the immunity develops more slowly in the 
cornea than in the skin — probably because of its poor blood supply. There seems 
little doubt, therefore, that immunity to vaccinia is a general and not a mere local 
immunity, and is dependent, to some extent at least, on the development of 
humoral antibodies. 

Monkeys inoculated with vaccinia are completely protected against subsequent 
inoculation of variola (Gordon 1925) ; monkeys inoculated with variola or alastrim 
are either partly or completely protected against subsequent inoculation with 
vaccinia (Blaxall 1923, Gordon 1925). Immunologically the alastrim virus re- 
sembles the variola virus very closely, but minor differences are apparent in the 
degree of protection afforded by the different viruses against vaccinia. Generally 
speaking, vaccinia affords almost perfect protection against variola and alastrim, 
but the protection afforded by variola or alastrim against vaccinia is not so complete. 
It must be mentioned, however, that there is a type of mild smallpox in Australia 
which affords practically no immunity either to variola or vaccinia, and to which 
vaccinia or variola affords only incomplete protection (Ledingham 1925). The 
identity of alastrim with mild smallpox is open to question. Though cross- 
immunity between the two diseases suggests that they are caused by essentially 
the same virus (see Leake and Force 1927, Diem 1930), epidemiological evidence 
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does not wholly support this view (see Findlay 1936). Moreover, according to 
Torres (1936), the histological changes in the two diseases are distinctive. Findlay 
(1936) believes that smallpox and alastrim are caused by separate viruses, each 
of which breeds true, and each of which can give rise to vaccinia virus. 

Again, the relation of vaccinia to variola, and of vaccinia to cow-pox is still 
in doubt. Most authorities agree that the vaccinia virus is a modified form of 
the variola virus. Nevertheless, by agglutination it can be shown that, though 
the two viruses possess a common antigen, they are not identical (Ledinghain 
19356). It has been generally assumed, since the days of Tenner, that vaccinia 
is variola modified by passing through the calf, and that vaccinia is essentially 
the same disease as naturally occurring cow-pox. Downie (1939a, 6), however, 
has pointed out that vaccinia and cow-pox viruses differ in their heat-labile antigens, 
and that they give rise to different lesions in animals ; he would therefore regard 
the two viruses as being distinct. 

Experiments in rabbits indicate that the highest immunity to vaccinia is produced 
by living virus. Gordon (1925) found that heat diminished the antigenic activity of the 
virus very considerably. Thus, to produce the same degree of protection as that afforded 
by raw virus, about 20 times as much virus heated to 55° C. for 30 minutes had to be 
employed ; lymph heated to 65° C. had only 1/100 of the immunizing power of the 
55° C. lymph, while lymph heated to 100° or 120° C. had practically no immunizing 
effect at all. According to Nakagawa (1924), lymph heated to 100° C. for 40 minutes 
still has some immunizing power, but very large doses have to be employed to demon- 
strate it. Virus treated by exposure to 1 per cent, phenol for 24 hours at 37° C. had 
much the same immunizing power as the 55° 0. lymph. 

There is no question that the antigenic power of heated, phenolized, or formo- 
lized vaccinia virus is very much less than that of the untreated virus. Its power 
of stimulating antibody production, especially protective antibodies, seems to be 
very slight, though it can still serve as an efficient hapten in the demonstration 
of skin sensitivity in a sensitized human subject or animal (see Kaiser 1929, Zehnder 
1929, Bussel and Maysner 1930, Andervont and Rosenau 1930, Kraus 1931, Hilgers 
1931, Craigie and Wishart 1933, Parker and Rivers 1936, Bernkopf and Kligler 
1937). After vaccination of rabbits with raw lymph, immunity may be detectable 
about the 4th day ; during the next 2 days it increases rapidly, and by the 10th 
day a substantial immunity is attained. 

Prophylaxis and Human Vaccination. — It is scarcely necessary to describe 
here the prophylactic measures that should be taken on the discovery of a case 
of smallpox in a country in which it is normally non-endemic. They comprise 
the removal of the patient to an isolation hospital, disinfection of the patient’s 
house, including steam disinfection of all infected clothing and bedding, daily 
supervision forJG days of all contacts, vaccination or revaccination of contacts, 
and if thought desirable of the general population, exclusion of contacts from 
schools, factories and other places of congregation, and careful observation of all 
doubtful cases of disease. 

Inoculated cutaneously into a fully susceptible human subject, vaccinia virus 
gives rise, after an incubation period of 3-4 days, to a papule, which on the 6th 
or 7th day becomes vesicular. The vesicle, which is multilocular, umbilicated, 
and surrounded by a red areola, progresses to the pustular stage between the 
10th and 12th days, after which retrogression sets in and the pustule dries up. 
The crust becomes detached about the 21st day, leaving a red pitted scar — the 



PROPHYLAXIS AND HUMAN VACCINATION 


1891 


so-called foveation — whicli in the course of years turns white. The size of the 
reaction is dependent on the concentration of virus in the lymph (von Groer 1935). 
A rise in temperature may occur about the 4th day, reaching its maximum about 
the 8th day ; there may also be some enlargement and tenderness of the regional 
lymph nodes. A second inoculation made some years later may be followed by 
much the same reaction, or it may be accelerated — vaccinoid reaction — ^the papule 
appearing earlier and completing its evolutionary course in a shorter time. In 
persons recently vaccinated the so-called immune reaction is common ; this con- 
sists of a papule that reaches its maximum size in 8 to 72 hours, and disappears 
without passing through the vesicular or pustular stage. There is evidence that 
the rate at which the pustule develops is an index of immunity resulting from 
the previous vaccination (McKinnon and Defries 1931). 

For human vaccination, calf lymph is generally employed, but it has been 
shown that lymph taken from vaccinia] lesions in other animals, such as the sheep 
or the water buffalo, can be used satisfactorily. Of late years two other types 
of vaccine have been introduced, partly to provide a bacteria-free product, partly 
to avoid the severe local and constitutional reactions to which calf lymph sometimes 
gives rise, and partly in the hope of preparing a vaccine of constant virulence. 
The first is the so-called Rivers vaccine, prepared by growth of the virus in a 
chick embryo tissue culture medium (see Rivers 1931, Rivers and Ward 1935) ; 
the second is the vaccine produced by Goodpasture and Buddingh (1933, 1935), 
who cultivate the virus on the chorio-allantoic membrane of the developing chick 
embryo. Neither of these vaccines has yet been tried on a sufficient scale to 
justify a critical assessment of their value. The available evidence suggests that 
neither is quite as good as calf lymph in the degree of protection to which it gives 
rise, but further observations are desirable (see Buddingh 1937, 1943, Lehmann 

1938, Stevenson and Butler 1939, Rivers, Ward and Baird 1939, Ellis and Boynton 

1939, Donnally 1939). 

Yaccination itself may be carried out by scarification, by the multiple pressure 
method (see Leake 1927), by intracutaneous injection (see Force 1927, Toomey 
and Hauver 1928, 1929), or by subcutaneous inoculation (see Yaoi 1934, 1936). 
None of these methods seems to be effective unless an epidermal vesicle is pro- 
duced ; and as the intracutaneous and the subcutaneous methods often fail to 
give rise to vesicle formation, their use is not to be strongly advocated (see Hender- 
son and McClean 1939). The desire to reduce the local vaccinial lesion to a minimum 
has led many workers to advocate the use of vaccination by the multiple pressure 
method or by a single tiny scratch ; but the evidence given below on the relation 
between the amount of foveation and the diminution in the case mortality from 
smallpox should suggest caution in the adoption of these methods. For primary 
vaccination during infancy or early childhood and for re-vaccination there is 
much to be said for the use of the 3- or 4-scratch method, each scratch being 
about J inch long. The milder methods of vaccination are best reserved for late 
primary vaccinations and for persons in whom it would be unwise to risk a severe 
local or general reaction. 

Protective Effect of Vaccination. — The evidence that vaccination protects 
against smallpox is very strong, but unfortunately exact statistical evidence is 
difficult to obtain. This holds particularly with regard to protection against 
infection as opposed to death ; for, from the nature of the case, it is impossible 
in a diffuse population to be certain of the degree of risk to which the individual 
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ineinbBrs liave bcBH exposed. On tke other hand, a large body of statistical 
evidence has been accumulated to show that the case mortality from smallpox 
is greatly diminished by vaccination. This evidence is as follows : 

(1) Vaccination diminishes the case mortality. Table 183 gives the figures 
collected by Cameron (see Eeport 1928a) for the case mortality of smallpox in 
vaccinated and unvaccinated persons treated in the Metropolitan Asylums Board 
Hospitals during 1901--04:. 

TABLE 183 



Vaccinated. 

Unvaccinated or Doubtful. 

Year. 



Percentage 



Percentage 


Admitted. 

Died. 

Case 

Admitted. 

Died. 

Case 




Mortality. 



Mortality. 

1901 . . . 

1,282 

127 

9*9 

461 

165 

36-8 

1902 . . . 

5,663 

578 

10-2 

2,253 

759 

33*6 

1903 . . . 

245 

7 

2-9 

110 

5 

4-5 

1904 . . . 

289 

14 

4*8 

160 

13 

8*1 

Totals 

7,479 

726 

9-7 

2,984 

942 

31-57 


It will be seen that the mortality amongst the unvaccinated was more than 
three times that amongst the vaccinated. Macdonell (1901-02) found that in the 
outbreaks in Sheffield, Dewsbury, Leicester, and Warrington in the 1891-93 
epidemic, the correlation between vaccination and mildness of disease was + 0*7935, 
and in Glasgow as high as + 0*9123. 

(2) The greater the amount of foveation, the greater is the diminution of the 
case mortality (see Table 184). 


TABLE 184 



Admitted, 

Died. 

Percentage 

Mortality. 

1 With, 4 scars or more . . . * 

3,139 

171 

6-4 

» 3 „ 

1,902 

171 

90 

i » 2 „ 

1,442 

184 

12-8 

! „ 1 scar 

1 

930 

168 

17-9 


(3) The greater the area of cicatrix left by the vaccination, the greater is the 
diminution of the case mortality (see Table 185). 


TABLE 185 


Area of Scar, 

Admitted. 

Died. 

Percentage 

MoxtaUty. 

Area of | sq. in. or more . . 

6,664 

388 

7-0 

„ >1 sq. in. but < J sq. in. 

889 

138 

16*5 

„ < I sq. in 

i 

933 

168 

16*9 
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According to Turner {1905-06), among cases with equal total areas of vaccin- 
ation scarring there is no difference in the amount of protection afforded by 
different numbers of scars. 

(4) In vaccinated persons the mortality from smallpox increases with the 
length of time elapsing since vaccination. Table 186 affords a comparison, in 
this respect, between vaccinated and unvaccinated persons. This table also shows 
a very different age-grouping of admissions in vaccinated and un vaccinated persons, 
strongly suggesting that vaccination affords protection against infection as well 
as against death. 

TABLE 186 


1 Years. 

j 

! 

Vaccinated. 

Unvaccinated and Doubtful. 

Admitted. 

Died. 

Percentage 

C-M. 

Admitted. 

Died. 

i Percentage 
C.M. 

1 

-10 

143 

2 

1*4 

1,441 

459 

j 31-9 

11-20 . . 

1,218 

23 

1-9 

761 

166 

21*8 

21-30 . . 

2,675 

144 

5*3 

374 

129 

I 34-5 

31-40 . . 

1,861 

247 

13-3 

180 

80 

; 44*4 ! 

41-50 . . 

893 

174 

18-2 

102 

57 

: 55*9 1 

51-60 . . 

311 

55 

17*7 

73 

31 

! 42*5 i 

! 1 


A striking piece of evidence in favour of the value of vaccination is afforded 
by the fact that of the 4,406 cases of smallpox in vaccinated persons in England 
and Wales during the period 1921-26 only 3 were under 12 years of age. This 
observation is difficult to explain except on the h 3 rpothesis that vaccination during 
infancy confers a large measure of protection against the disease lasting for some 
years. Vaccination performed immediately prior to exposure to smallpox (the 
incubation period of which is 12 to 14 days) affords almost absolute protection 
against the disease. Vaccination performed during the incubation period of small- 
pox either prevents the development of the disease, or predisposes to a modified 
form of the disease. Similarly, recent successful re vaccination is said to afford an 
almost absolute protection against smallpox (Brownlee 1905-06). 

In the United States there is a very interesting relationship between the vaccina- 
tion laws in the different states and the incidence of smallpox (Table 187). 

TABLE 187 

Relation of Smallpox Mobbidity to Vaccination Laws in the United States, 1919-28. . 

(Woodward and Eeemster 1933.) 


1 

Vaccination Laws. 

No, of 
States. 

Population. 

No. of Cases. 

Incidence 
per 100,000. 

Compulsory vaccination 

la 

32,434,954 

1 21,643 

6*6 

Local option 

6 

17,930,882 1 

91,981 

51*3 

No vaccination laws 

29 

59,923,117 

393,924 

66*7 

Compulsory vaccination prohibited 

4 

4,002,888 

46,110 

115*2 

1 


The effect of vaccination appears to wear off with increasing age, as can be 
judged from Table 186 ; and it is therefore advisable, in countries where smallpox 
is rife, to perform revaccination every three years. In other countries vaccination 
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every five or ten years slioiild suffice, provided revaccination is performed if the 
disease is introduced into the locality. Primary vaccination is, as a rule, best 
carried out during the first year of life. It should be deferred for at least 3 months 
after birth to enable the passive immunity received from the mother to wear off 
(Beclere 1936). (For general discussion of vaccination, see Greenwood 1930, 
1935, Eeport 1931, Eussell 1941, Eobinson 1941.) 

Complications of Vaccination. — Of the complications that may follow vaccina- 
tion, suppuration is one of the commonest, and tetanus one of the most serious. 
Owing to the use of calf lymph, which cannot he satisfactorily sterilized, tlic intro- 
duction of micro-organisms into the wound is inevitable, but it is very difficult to 
say how often the calf lymph is responsible, and how often uncleanliness on the 
part of the operator, or during the after-treatment. Occasionally, as at Malmo, 
severe necrotic lesions may occur owing to the presence of pathogenic staphylococci 
in the lymph (Magnusson 1932, 1933). It may be noted that foot-and-mouth 
virus has been found occasionally in specimens of calf lymph, though there is no 
evidence that its presence had excited any unfavourable reaction in vaccinated 
children (see Giidemeister 1931, Gildemeister and Helm 1932a, b). 

Tetanus is a very rare complication ; thus in 1904-13 in the United States, 
31 million lymph doses were inoculated into human beings, and only 41 cases 
of tetanus were observed. Infection in these cases may be carried by the lymph ; 
but tetanus occurs only in those cases in which a protective shield or dressing 
strapped to the arm has heen applied. Vaccination insertions treated openly 
have never been followed by tetanus (Armstrong 1927). 

Generalized vaccinia is a serious complication, which is estimated to occur in 
1 out of every 30,000 subjects vaccinated. Persons with chronic skin lesions are 
said to be specially susceptible. The disease varies from a mild rash with a few 
scattered vesicles and little constitutional disturbance to a severe variola-like 
disease with tracheitis, general glandular enlargement, widespread affection of 
the skin, and a rapid course to death. The case mortality is said to be 30-40 
per cent, (see Boss 1941). 

In recent years, a new complication has been observed, namely, post-vaccinal 
encephalitis. The first case studied in detail was observed by Turnbull in 1912 ; 
but it was not till the publication of Turnbull and McIntosh’s report in 1926 that 
serious attention was drawn to the subject. Altogether in this country and abroad, 
some hundreds of cases have been observed, though the disease is now very much 
less frequent than formerly (Eeport 1936). Most of them have occurred after 
late primary vaccination. Vaccination during the 1st year of life rarely seems to 
be followed by encephalitis. Clinically, after an incuhation period of 10 to 14 
days, there is a rapid onset followed by an acute course, the symptoms being 
cerebral rather than spinal (Eeport 1928a). The morbidity is given by Boss 
(1941) as 1 in 100,000 cases, but it may be as high as 1 in 8,000 (see Pyfe and 
Fleming 1943) ; probably 1 in 50,000 is an average figure. The mortality, among 
62 cases recorded by the Committee on Vaccination, was 58 per cent. Histo- 
logically, the lesions are widely distributed in the grey and white matter of the 
brain and cord, and are characterized particularly by extra-vascular parenchy- 
matous infiltration with large endothelial and glial cells, and by perivascular areas 
of softening or demyelination (McIntosh 1928). The eetiology of these cases 
is as yet unknown. Greenfield (1928) suggests that, as the lesions are similar 
in many respects to those seen in encephalomyelitis following measles and in 
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disseminated sclerosis, the encephalitis is caused by some neurotropic virus which 
is capable of causing a latent infection, and may be stimulated into activity 
either by vaccination or by some exanthematous infection. This is the view 
favoured by the Committee on Vaccination (Eeport 1928u, 1930). McIntosh 
(1928), on the other hand, believes that post-vaccinal encephalitis is due to the 
vaccinia virus itself, because : (1) a similar encephalitis may occur in cases of 
smallpox ; (2) the vaccinia virus has been recovered from the brain of cases of 
post- vaccinal encephalitis ; (3) by the intracerebral injection of a neurotropic 
strain of the vaccinia virus, it is possible to produce in rabbits an encephalitis 
which he regards as essentially similar to that observed in human beings after 
vaccination. Each of these views has a substantial following (see Berger 1929, 
McIntosh 1930, McIntosh and Scarff 1930, Hurst and Fairbrother 1930, Clearkin 
1930, Herzberg-Kremmer and Herzberg 1930, Eckstein 1931, Lucksch 1932, 
Armstrong 1932, Elvers el al. 1933, Ledingham 1934, Aldershoff 1935). (See also 
secondary encephalitis, p. 1921.) 

The production of potent antivaccinial sera has now been shown to be possible 
(Ledingham et al. 1931, Fairbrother 1932), and there may be some call in the future 
for such sera, or for sera prepared against the variola virus, in the treatment of 
smallpox. Human convalescent blood or serum has been advocated by some 
workers, but this method of treatment is still in the experimental stage (see Yaoi 
1935, Couzi and Kircher 1943). Sulphonamides are apparently without action on 
the virus itself, but they may be of value in the treatment of septic complications 
(Wilkinson 1942). 

The Animal Poxes, including Avian Diphtheeia or Eoup 

Pox occurs in a number of animals, such as sheep, goats, cows, horses, swine, 
fowls, and pigeons. The clinical manifestations vary ; in its typical form it occurs 
as a vesico-pustular eruption on the skin, sometimes associated with very marked 
epithelial proliferation ; on the other hand it may, as in horses, produce an eruption 
in the mouth (contagious pustular stomatitis), as well as on the skin ; or, as in 
fowls, diphtheritic pseudo-membranes in the throat (avian diphtheria or roup). 
Histologically, inclusion bodies of the Guarnieri type are found in the lesions. 

Whether the virus responsible for the animal poxes is identical with that 
responsible for vaccinia in man, or whether each virus is specific for its particular 
host is not yet clear, but evidence is rapidly accumulating to suggest that it is 
the vaccinia virus itself or some variety of it. - Thus it is usually possible, by rabbit 
passage, to convert the mammalian pox viruses into a virus indistinguishable in 
its action on rabbits and human beings from the vaccinia virus (Toyoda 1924). 
Moreover animals inoculated with one variety of virus are more or less completely 
protected against another variety (see also Borrel 1903, Bose 1903, de Jong 1917, 
Zwick 1924, von Wasielewski and Winkler 1925, Ledingham 1926). 

Sheep-pox, known in France as la claveUe, is of some economic importance. 
It was studied by Borrel in 1903 who noted the occurrence of distinctive cellular 
bodies in the lesions, and showed that the causative agent was able to pass through 
coarse Chamberland filters. The virus has been cultured by Gins and Eunert 
(1937) on the chorio-allantoic membrane of the chick embryo. 

The disease, which runs an acute febrile course, is characterized by the develop- 
ment of a vesicular eruption, later becoming pustular, on the more exposed parts 
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of the body. Infection can readily be transmitted to normal sheep by inoculation 
with the serous fluid contained in the loculated vesicles. The case mortality of 
the natural disease is very low. Post-mortem examination of fatal cases reveals 
the presence of generalized lesions. The lungs contain multiple, small, dense, 
spherical nodules, hyaline in appearance with a central opaque spot ; they are 
commonest near the pleural surface. Similar, but less obvious, lesions are also 
seen in the liver and kidneys. Prophylactic inoculation with a sensitized vaccine 
Js widely practised in Prance (Bridre and Boquet 1923, 1933). Inoculation with 
vaccinia virus is said to protect sheep against sheep-pox (Gins and Kunert 1937). 

Rabbit-pox has recently been submitted to a careful experimental study by 
Pearce and her colleagues (Pearce eia?. 1936u, 6, Rosahn et al. 1936a, 6, Hu et al. 
1936). The virus is filtrable through Berkefeld V candles ; it is antigenically 
related to the vaccinia virus, but not to Virus III (see p. 1909), or the virus of 
infectious myxoma (see p. 1978) ; and it is able to infect guinea-pigs, mice, calves, 
and probably rats. 

Fowl-pox requires separate consideration. According to Doyle (1929) three 
clinical forms may be recognized : (1) wart-like nodules on the comb, wattles, and 
skin of the head ; (2) adherent, yellow, cheesy membranes in the mouth ; (3) a 
watery or muco-purulent discharge from the eyes and nose ; this form is some- 
times referred to as ‘‘ roup.” One, or any combination, of these forms, may be 
present in the same bird. These clinical forms have long been regarded as separate 
diseases, but the evidence now accumulating suggests that they are caused by 
one and the same filtrable virus, though the possibility that similar clinical con- 
ditions may be due to other agents cannot be excluded. Moreover, recent work 
suggests that the fowl-pox virus is related to the vaccinia virus. Thus Toyoda 
(1924) maintains that by passage through rabbits the fowl-pox virus can be con- 
verted into the vaccinia virus. Pindlay (1928), however, has been unable to 
confirm this. The exact relationship between these two viruses must be left for 
the future to determine, but in any case the fowl-pox virus, both in its patho- 
genicity and in its serological reactions, seems to be less nearly related to the 
vaccinia virus than are the mammalian pox viruses. In the lesions of fowl-pox 
so-called Bollinger inclusion bodies, and Borrel elementary bodies, corresponding 
respectively to the Guarnieri corpuscles and the Paschen bodies in vaccinia, can be* 
found (see Ludford and Pindlay 1926). 

Doyle and Minett (1927) found that pigeons were resistant to fowl-pox virus, 
but that fowls were susceptible to the virus of pigeon-pox. Moreover, they 
obtained evidence that pigeon-pox protected fowls against fowl-pox. Following 
on these observations, Doyle (1930) introduced the prophylactic vaccination of 
fowls with a vaccine consisting of dried pigeon-pox crusts suspended in glycerolated 
saline. This method is now being used on a wide scale with apparently very favour- 
able results. The relationship of the two viruses is not very clear, but according 
to Doyle (1930) repeated passage of the pigeon-pox virus through fowls leads to 
an increase in its virulence for the latter ; after 9 passages it may acquire all the 
characteristics of the typical fowl-pox virus. 

Kikuth and Gollub (1932) have described a disease of canaries, which appears 
to be canary-pox. It has been studied by Burnet (1933) and Burnet and Lush 
(1936a), who find that the clinico-pathological picture differs from that of fowl- 
pox, but that the viruses of the two diseases are antigenically closely related. 

One very interesting property of the pox viruses is their power to give rise in 
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certain hosts — sheep and fowls particularly — ^to tumours characterized by epithelio- 
matous proliferation, superficially resembling neoplasms. For a discussion on the 
relation of the animal pox viruses to vaccinia virus and to each other, the reader 
is referred to a review by Findlay (1936). 

Contagious Pustulak Deematitis of Sheep 

Contagious pustular dermatitis is a not infrequent malady amongst sheep in 
this country, and has been described by several workers on the Continent. (For 
refs, see Glover 1928.) It is probable that natural cases occur also amongst 
goats. The disease varies in severity : in the mild form there are pustular lesions 
on the lips and surrounding tissues ; in the severe form lesions occur on the oral 
mucosa, the vulva, the cornea, and on various other parts of the body, particularly 
the regions of the coronet and the tail. Sheep of any age may be attacked, but 
the disease is commonest in weaned lambs up to 1 year old. Experimentally 
vesico-pustular lesions can be produced by scarification of the thighs of normal 
lambs, or by intradermal inoculation of the lip with a suspension of dried crusts 
from the natural lesions ; the crusts generally prove active in a dilution of 1 /50,000. 
Ail attempts to transmit the disease to laboratory animals have failed. Glover 
(1928) has brought evidence to suggest that the setiological agent is a filtrable 
virus ; he was able to show that Berkefeld V filtrates of scrapings of these fresh 
lesions, autolysed at 37® C. for 3 hours before filtration, or of the dried crusts sub- 
mitted to tryptic digestion, were infective for normal iambs. The virus in the 
dried crusts resists desiccation for at least 4 months. Under natural conditions 
the disease appears to be highly infectious. Animals that have recovered from 
the disease possess a high degree of immunity, sufficient to protect them against 
re-infection for at least 8 months. 


HERPES 

Herpes simplex. — Herpes simplex or febrilis occurs in two forms. In the 
first form — often known as herpes lahialis small vesicles, which are almost always 
bilateral, occur on the muco-cutaneous borders of the mouth or nostrils of patients 
suffering from a variety of diseases, of which pneumonia is the commonest. In 
the second form, the lesions occur in the mouth itself, constituting the disease 
referred to variously as aphthous stomatitis^ ulcerative stomatitis, and acute infectious 
gingivo-stomatitis (see Black 1938). It affects mainly children and, like labial 
herpes, may recur from time to time. The observations of Dodd, J ohnston and 
Buddingh (1938) showed that this second form, the setiology of which had remained 
persistently obscure, was in all probability a primary herpetic infection. The 
further observations of Burnet and Lush (1939&) and of Scott and Steigman (1941) 
leave little doubt of the essential correctness of this conclusion. The disease 
should therefore be called herpetic stomatitis. Both forms of the disease tend to 
be recurrent. 

Inoculation of the vesicular fluid on to the scarified cornea of a rabbit leads 
to the development of a severe keratitis, which can be propagated indefinitely 
by passage. If fluid is taken from an early keratitis in the rabbit, it is possible 
to produce with it specific lesions in a number of different tissues, such as the 
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skin, buccal mucosa, tracbea, liver, adrenal, ovary, salivary glands, brain, and 
spinal cord (Goodpasture and Teague 1923-24a, Urbain and Schaefer 1927, Smith 
1931«). Intracutaneous inoculation of human vesicular fluid produces in the 
rabbit an insignificant papular eruption, but once it has become adapted to the 
rabbit’s tissues, the virus gives rise to a local herpetic lesion ; this method is of 
considerable value in the titration of infective materiah Direct inoculation of 
human vesicular fluid on to the pad of the guinea-pig’s foot is uniformly followed 
by the development of local vesicular lesions (Bedson 1934). A certain proportion 
of rabbits inoculated on the cornea develop, after a few days, a fatal encephalitis, 
characterized by widespread small-celled infiltrations, intense nerve-cell degenera- 
tion, and diffuse proliferative changes of some of the fixed elements of the tissue 
affected (da Fano 1923). Direct intracerebral or subdural inoculation of vesicular 
fluid into rabbits gives rise to a meningo-encephalitis which proves fatal in about 
5 days, and which is transmissible in series to other rabbits by inoculation of the 
brain suspension. 

Rabbit brain is highly infective, but its infectivity can be increased by homogenization 
— a process which probably acts by disintegration of the cells and liberation of the virus 
particles in a free form. Freshly homogenized virus may prove fatal on intracerebral 
inoculation into rabbits in 12-30 hours, and even one ten-millionth of a gram of infected 
brain tissue may kill the animals within 5 days (Buggs and Green 1936). 

Experiments with monkeys have not given uniform results, but according 
to Teissier, Gastinel and Reilly (1925) cutaneous inoculation in Callithrix may 
result in the development of vesico-pustules, though often merely small papules 
appear. Corneal or intracerebral inoculations were without effect. 

The virus can be passed from rabbits to mice by intracerebral inoculation with the 
brain of a rabbit suffering from herpes encephalitis, or with the ground-up nictitating 
membrane of a rabbit in which the corneal reaction is well established (Steigman and 
Scott 1942). Encephalitis develops in 3-10 days. Infection can be maintained indefi- 
nitely by passage through mice (Andervont 1929). With a neurotropic strain, cutaneous 
inoculation or intranasal infection of mice gives rise to encephalitis (Gildemeister and 
Ahlfeld 1936, Berry and Slavin 1943, Slavin and Berry 1943). 

The herpes virus can be grown easily in tissue cultures, one of the most suitable 
media being rabbit testis (Parker and Nye 19256, Gildemeister et al. 1929, Smith 
19316). It can also be adapted to grow on the chorio-allantoic membrane of the 
developing chick embryo. Since pocks are formed on the membrane, this method 
lends itself to the titration of virus and of neutralizing antiserum (Burnet 1936, 
Burnet and Lush 1939a, Shaffer and Enders 1939). In the vesicular fluid the 
virus is present in the form of elementary bodies, which can be stained by suitable 
means (Taniguchi et al. 1934). Examination of the corneal lesions in rabbits 
during the first 24 hours reveals the presence of large numbers of acidophilic intra- 
nuclear inclusion bodies — referred to as “ oc-bodies ” byLipschiitz (1921) (Fig. 301). 
The diameter of the virus particles themselves is about 125 m/ 4 . Though the 
virus may be demonstrated in the blood after intratesticular, and occasionally 
after intracutaneous, inoculation of rabbits (Gildemeister and Heuer 1929), the 
work of Goodpasture and Teague (1923-246) seems to show that it may enter 
the peripheral nerves — sensory, motor, or syonpathetic — ^from a local lesion and 
reach the central nervous system, where it is liable to give rise to a myelitis or 
encephalitis (see also Burnet and Lush 1939c, Berry and Slavin 1943), 
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Rabbits that have passed 
througli an attack of experi- X 

mental keratitis possess a con- / 

siderable degree of immunity k / 

to subsequent corneal, or \ 

even intracerebral, inoculation 

(Levaditi and Nicolau 1922). (T\^5 \ 

TMs immunity appears to de- | jn 

pend largely on the develop- | p2 1 \\ 

ment of humoral antibodies \l^\\ 1 ^ \ 
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were able to obtain specific i ^ /''* VA 

complement fixation with the ^ 

herpes virus in the presence xjLLy 

of serum from the hyper- 
immunized guinea-pig. Anti- ^ 

bodies may also be demon- \ 

strated in a considerable A \ 

proportion of children and A* ^ ^ 4 '' 'hA 

adults, either by a specific f VA-Crj 

neutralization test (Zinsser \ V- 

and Tang 1929, ilndrewes and ^ / 

Carmichael 1930), or by com- 
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Burnet and Lush (19396) and 

Burnet and Williams (1939), Big. 301. 

working in Melbourne found Intranuclear inclusion bodies in nerve cells of rabbits 
^ V . , t’ experimentally infected with, herpes febrilis. 

neutralizing antibodies pre- (After CoX and Nicholson 1924.) 

sent in over 90 per cent, of 

children and adults of the hospital classes, but in only about 50 per cent, of 
members of the higher social classes. This they explain by the greater frequency 
of primary herpetic stomatitis in early life among children of the lower classes. 
Since recurrent herpes affects persons whose blood serum contains neutralizing 
antibodies, it is assumed that the virus persists in the body tissues — probably 
in the mouth (Scott .and Steigmann 1941) — and that immunity is to a consider- 
able extent non-specific. The failure of the antibody to afford protection is 
curious. Herpes febrilis constitutes, in fact, one of the most striking exceptions 
to the general rule that filtrable virus infections usually leave behind them a solid 
and lasting immunity. A skin reaction that is said to be positive in persons sub- 
ject to recurrent attacks of herpes has been described by Hagler (1944). 

Keratitis herpetica of human beings was shown by Griiter in 1912-14 to be 
transmissible to rabbits by inoculation of the scarified cornea. This observation 
was confirmed by Luger and Lauda (1921), who found, histologically, alterations 
in cellular structure similar to those in herpes febrilis. These consisted of giant- 
cell formation, the characteristic ballooning degeneration of XJnna, and bodies 
which they considered to be due to a specific degenerative reaction of the nucleus, 
blit which Lipschiitz regards as inclusion bodies. 


Fig. 301. 

Intranuclear inclusion bodies in nerve cells of rabbits 
experimentally infected vritb herpes febrilis. 

(After Cowdry and Nicholson 1924.) 
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Herpes genitalis lias likewise been shown to be transmissible to rabbits, but the 
keratitis set up by the genitalis virus is much less severe than that set up by the 
febrilis virus. Similarly, on subdural inoculation the genitalis virus is less virulent ; 
by this route the febrilis virus uniformly produces encephalitis in rabbits, fatal in 
4 to 6 days ; the genitalis virus does not uniformly produce encephalitis, and, 
when it does, the rabbits do not die for 5 to 17 days (Blanc and Caminopetros 1924). 
Lipschiitz (1921) succeeded in transferring genital herpes to human beings. Both 
in the human lesions and in the rabbit’s cornea, he found nuclear inclusion bodies 
of the so-called /S-type present in large numbers ; they are best looked for in the 
rabbit’s cornea on the 3rd day after inoculation. He was unable to produce im- 
munity to the genitalis virus by inoculation of the rabbit’s cornea with the febrilis 
virus. He therefore regards the two viruses as distinct. 

Herpes zoster. 

Herpes zoster differs clinically from herpes febrilis in forming large vesicles or 
bullae, in occurring on the trunk, in being almost always unilateral, in being accom- 
panied by sharp neuralgic pains, in being distributed along the coarse of sensory 
nerves, and in being non-recurrent. Experiments made to ascertain whether 
zoster is transmissible to animals have given most conflicting results. 

Lipschiitz (1921) claimed to have produced keratitis in rabbits with material from 
3 out of 7 cases of zoster. Both in human lesions and in the rabbit’s cornea, he found 
acidophilic nuclear inclusion bodies, which he calls “zoster bodies.” In the rabbit’s 
cornea these bodies were present in greatest numbers on the 4th day after inoculation. 
The keratitis, when it did develop, was mild, and consisted of small round vesicles, which 
did not appear till the 4th day, and which after a few days tended to regress. Kundratitz 
(1924-25) claimed to have transmitted zoster to infants; in contradistinction to herpes 
febrilis, in which the incubation period of the experimental human disease is only 24 to 
48 hours, the incubation period in zoster was 12 to 15 days. Teague and Goodpasture 
(1923-24) obtained some evidence that the zoster virus differed from that of herpes 
febrilis mainly in its degree of virulence, but their experiments were not very satisfactory. 

Cole and Kuttner (1925) failed to confirm the work of either Lipschiitz, or Teague 
and Goodpasture. Using material from 9 cases of zoster, they performed corneal and 
intracerebral inoculations on rabbits ; they inoculated rhesus monkeys by the cerebral, 
cutaneous, neural, and corneal routes, and vervet monkeys by the testicular route ; and 
they rubbed the material on to the scarified tar-painted skin of rabbits and guinea-pigs 
— all with negative results. Since herpes febrilis can be easily transmitted to rabbits, 
while zoster either cannot be transmitted at all or only irregularly, they conclude that 
the two diseases are setiologically distinct. Seidenberg (1931) was lilcewise unable to 
produce keratitis or orchitis in the rabbit with vesicular fluid from zoster patients ; and 
the cornea of rabbits inoculated with zoster virus was found to be still susceptible to 
the virus of herpes febrilis. 

More recently Goodpasture and Anderson (1944) have succeeded in growing 
the zoster virus on pieces of human skin grafted on to the chorio-allantois of the 
developing chick embryo. Microscopic lesions becoming pustular were produced 
on the skin under these conditions, though not true vesicles ; and intranuclear 
acidophilic inclusion bodies were demonstrable in the affected epithelial cells. 
The chicken-pox virus, it rhay be noted, could not be cultured in this way. 

Elementary bodies may be demonstrated by suitable staining methods in 
zoster vesicles, particularly during the first 48 hours (Amies 1934, Taniguchi et al 
1934). It seems probable that they constitute the specific virus of the disease. 
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Summarizing, it would appear that the viruses of herpes febrilis, genitalis, and 
zoster all differ from each other ; the febrilis virus is the most virulent for the 
rabbit and the zoster virus the least. Whether they are to be regarded as distinct 
species of virus, or as varieties of the same species, it is at present impossible to say. 

For the relation of herpes zoster to varicella see below. 

VARICELLA 

Chicken-pox appears to be due to a virus, which can be demonstrated by suit- 
able staining methods in the vesicular fluid (Aragao 1911, Pascheii 1919, Tani- 
guchi et al. 19326). The virus particles, or elementary bodies, are of coccoid form, 
and are arranged singly, in pairs, or in short chains. The virus is of very low 
infectivity for animals. The disease is characterized histologically by the presence 
of intranuclear acidophilic inclusion bodies in the epithelial cells (Tyzzer 1906), 
indistinguishable from those described by Lipschiitz (1921) in zoster. Rivers 
and Tillett (1923, 1924a, b) and Taniguchi and his colleagues (19326) reported 
transmission of the virus to the rabbit’s testicle, but subsequent observations 
leave little doubt that they were working, not with varicella virus, but with the 
so-called Virus III (see p. 1909). On the other hand, the presence of acidophilic 
intranuclear inclusion bodies in the testicles of vervet monkeys inoculated with 
material from human chicken-pox lesions were probably the result of infection 
with the true varicella virus (Rivers 1926, 1927). 

Amies (1933) has described a specific agglutination reaction, using as antigen 
a 0*25 per cent, formolized suspension of elementary bodies prepared by the dif- 
ferential centrifugation of human vesicular fluid. Of 55 sera taken from patients 
2-12 days after the onset of the attack, 35 contained agglutinins in a titre of 
1/4-1/256, while 20 gave negative results. Antibodies appear about 5 days after 
the onset, and persist for some considerable time. Convalescent serum has appar- 
ently no prophylactic value (Lewis et al, 1937). 

Relation between Herpes zoster and Varicella. 

A large body of clinical evidence has been produced suggesting that zoster 
and varicella are closely allied diseases. The experimental evidence in favour of 
this conception has been summarized by Lipschiitz and Kundiatitz (1925) as 
follows : (1) In infants inoculated with zoster material, apart from the local 
vesicles that develop, a general varicella-like eruption may occur ; (2) children 
brought into contact with infants inoculated with zoster may develop chicken-pox ; 
(3) inoculation experiments with zoster, made on children who have recovered 
from varicella, prove negative ; (4) inoculation experiments with varicella, in 
children who have recovered from natural or experimental zoster, prove negative ; 
(5) the serum from patients convalescing from zoster has a protective action against 
varicella ; (6) both varicella and experimental zoster have the same incubation 
period ; (7) similar cytological appearances are found in both diseases. 

On the other hand, there are a number of differences (Barrett 1938). For 
example, zoster is not contagious : chicken-pox is highly contagious. A leucopenia 
with a relative mononucleosis is the rule in chicken-pox, but not in zoster. 
Chicken-pox affords almost complete immunity against chicken-pox, but not 
against zoster. Zoster affords almost complete immunity against zoster, but not 
against chicken-pox. Chicken-pox is much commoner in zoster contacts than 
zoster is in chicken-pox contacts. 



1902 


EPIDEMIC KEBATOCONJVNCTIVITm 


Tlie close relationsliip of tlie two diseases to eacb other is supported by the 
observations of Netter and Urbain (1924, 1926, 1931), who found apparently 
identical antibodies, demonstrable by the complement-fixation test, in the serum 
of patients with zoster and varicella. Brain (1933), moreover, obtained equally 
good fixation with zoster and with varicella vesicular fluids. It has further been 
shown that serum from convalescent zoster patients often agglutinates a suspension 
of varicella elementary bodies, though to a rather lower titre than a suspension 
of zoster elementary bodies. On the other hand, Hassko, Vamos and Thoroczkay 
(1938) never obtained complete cross-fixation of complement between varicella 
and zoster sera ; and in a high proportion of sera no cross-fixation occurred at 
all. As already noted, Goodpasture and Anderson (1944) were able to cultivate 
the zoster virus on pieces of human skin that had been grafted on to the chorio- 
allantois of the developing chick embryo, but failed to grow the chicken-pox virus 
under these conditions. The evidence, on the whole, suggests that the two diseases 
are caused by viruses that are closely related to each other, but are probably not 
identical. 

Epidemic Keratoconjunctivitis 

The inclusion of epidemic keratoconjunctivitis among the flltrable virus group 
must, for the present, be tentative. According to Smitmans (194()), this disease 
was recognized in Vienna as long ago as 1889. It has been known in India for 
several years, but it assumed special prominence during the second world war, 
when it was reported from Germany (Smitmans 1940) and from the United States 
(Sanders 1942, Rieke 1942). It was very common in shipbuilding yards. It is 
characterized by redness, swelling and sometimes vesiculation of the conjunctiva. 
There is a relative absence of conjunctival discharge ; what there is, is sero-mucoid, 
seldom purulent. The disease is mainly unilateral, but the second eye often 
becomes affected. In about half the cases inflammation extends to the cornea, 
but corneal scars are said to be left in only 1 to 10 per cent, of the patients. Nasal 
catarrh is sometimes present at the onset, headache and malaise are common 
systemic manifestations, and enlargement of the homolateral pre-auricular gland 
is almost invariable. The disease lasts, as a rule, about 2 to 4 weeks, and is irre- 
sponsive to treatment. No pathogenic bacteria have been isolated, but the 
observations of Sanders (1942), Sanders and Alexander (1943), and Sanders, Gulliver, 
Forchheimer and Alexander (1943) suggest that the disease is of virus origin. 
These workers record the isolation of a virus from two patients. At first it could 
be maintained only in tissue culture, but later it was adapted to the mouse brain. 
Intracerebral inoculation of mice gave rise in 2 to 7 days to a disease characterized 
by lethargy, tonic and clonic convulsions, sometimes spastic paralysis, and death 
within 24 hours of the onset of symptoms. The virus passed through collodion 
membranes of 75 but not of 50 m^, suggesting that it was probably about 25 m^ 
in diameter. It was neutralized by serum from convalescent patients. Inoculated 
into the eye of a human volunteer, the mouse virus produced a mild but character- 
istic attack of keratoconjunctivitis, followed by the appearance of neutralizing 
antibodies in the patient’s serum. The disease does not appear to be highly 
contagious from patient to patient, but it is readily transferred by indirect means. 

precautions are necessary to prevent infection from one patient to another 
by instruments and hands in the surgery. Patients should be isolated, and con- 
tacts kept under observation. Intravenous inoculation of human convalescent 
serum is said' to be of benefit (Braley and Sanders 1943). 
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FOOT-AND-MOUTH DISEASE 

Foot-and-moutli disease is a highly infectious disease of cloven-footed animals. 
Cattle, pigs, sheep, and goats are chiefly affected ; reindeer and camels are sus- 
ceptible. Occasionally human beings contract the disease (see Flaum 1939). 
Epidemics occur from time to time in most countries, the disease remaining 
endemic in the intervening periods. In this country the disease is not strictly 
endemic, but outbreaks occur from time to time, occasionally reaching epidemic 
proportions. In the year 1923, for example, 1854 separate outbreaks were reported, 
necessitating the slaughter of 125,098 animals. 

The disease is usually mild, causing a mortality in cattle of not more than 
2-3 per cent., and a slightly higher mortality in sheep and pigs ; on the Continent, 
however, a malignant form sometimes occurs, causing in young animals a mort- 
ality of 50-70 per cent. The importance of the disease lies not so much in the 
deaths to which it gives rise as in the debilitating effect it has on the general health 
of the animals, leading to a fall in milk and meat production. The incubation 
period is 2 to 7 days. Infection usually occurs from animal to animal, the infective 
material coming into contact with the mucosa of the mouth, nose or conjunc- 
tiva, or with an abraded skin surface. Cases of direct infection are easy to 
understand ; the real problem lies in explaining the origin of foot-and-mouth 
disease in animals that have not, so far as can be ascertained, been in contact 
with infected animals. Numerous explanations have been offered of these crypto- 
genic cases. Thus it is supposed by some that infection is carried by con- 
taminated hay, straw, milk, drinking water, clothes, and other objects. In 
support of this, it has been found that the virus may survive on chopped hay 
at room temperature for at least 15 weeks, and on bran for at least 20 weeks 
(Eeport 1927). Moreover, there is evidence that the virus may resist putre- 
faction for long periods (Eeport 19286), In this way it is possible to under- 
stand how infection may lie dormant for months in dried discharges or in 
carcasses of infected animals. That the virus may not only remain alive, but 
may keep its \drulence under these conditions, was shown by the develop- 
ment of foot-and-mouth disease in a calf fed with hay that had been con- 
taminated 1 month previously with infected saliva, and in pigs fed on crushed 
bones from the frozen carcasses of infected animals that had been killed several 
weeks previously (Eeport 1927). 

Another explanation is that the virus is carried by human and animal agencies. 
Thus it has been saggested : (1) That birds, particularly starlings, may carry 
infectious material on their feet ; for this there is no direct evidence (see Bullough 
1942). (2) That wild rodents may carry the disease and transmit it to cattle, 
sheep, and pigs coming into contact with them (see Beattie et al. 1928). Many 
of these rodents are susceptible to experimental infection, but practically all 
experiments designed to test the possibility of natural spread amongst them have 
given negative results. The virus has, however, been demonstrated in hedge- 
hogs on an infected farm. Experimentally, it has been found that healthy hedge- 
hogs placed in contact with affected cattle may themselves become infected, and 
that a healthy cow placed in a stall with infected hedgehogs may develop typical 
foot-and-mouth disease (Eeport 1937). (3) That the virus may gain access 
to, and persist on, the nasopharyngeal mucosa of human beings, who can then 
act as healthy carriers of the disease^ for this there is a certain amount of 
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epidemiological, but no direct experimental evidence (Kliiig and Hojer 1926). 
(4) That infected cattle may remain as chronic carriers ; it has been found that 
infective material may persist on the hoofs for some time after recovery from, the 
disease, but this appears to be an exceptional occurrence (Gins and Krause 1923). 
Animals that have recovered from the disease may excrete the virus in the urine, 
but how often urinary carriers occur is still in doubt (Waldmann et al 1931). 
The experimental evidence so far collected does not favour the view that chronic 
carriers are common. On the other hand, there is a considerable amount of epide- 
miological evidence to suggest that infection is introduced into a herd by means 
of apparently healthy animals coming from another herd. Moreover, if the virus 
could persist on the healthy mucosa of animals, or remain latent in their tissues, it 
would not be difficult to understand how outbreaks of the disease might occur in 
herds that had had no demonstrable contact with the disease. At the present 
time it is impossible to come to any definite conclusion on the most common method 
of indirect infection ; but the Foot-and-mouth Disease Eesearch Committee 
(Keport 19286) favour the view that the persistence of the virus in dried discharges 
on fodder, hair, and other materials, and in carcasses, is of greater epidemiological 
significance than its carriage in the body of recovered animals. 

Experimental Reproduction of the Disease. — The disease can be experimentally 
reproduced in cattle, sheep, and pigs by rubbing infective material from the foot- 
and-mouth lesions into the scarified mucosa of the lip or mouth. Intramuscular 
inoculation requires a larger dose, and the effect is less regular. 

In cattle inoculated intramuscularly, the temperature rises in 1 to 3 days to about 
104° F., and the characteristic lesions appear in 1 to 5 days. Of 71 cattle that reacted 
to inoculation, foot and mouth lesions occurred together in 63 ,* in the remaining 8, 
mouth lesions were absent (Report 1927). Great differences in the severity of the disease 
occur as the result of inoculating different strains of virus. Sheep inoculated intramuscu- 
larly generally show a rise of temperature to 104° or 105° F. in 18 to 48 hours. Foot 
lesions are constant, appearing in 1 to 3 days or so, depending on the virulence of the 
strain. Mouth lesions are uncommon. Pigs inoculated intramuscularly show a rise of 
temperature in 20 to 48 hours ; foot lesions constantly develop, generally in 1 to 3 days ; 
mouth lesions are not quite so constant, and do not appear till after 3 days. 

Waldmann and Pape (1920) showed that the disease could be reproduced 
experimentally in guinea-pigs by cutaneous or subcutaneous inoculation into the 
balls of the fore and hind feet, or into the hairless side of the metatarsus. Rot 
all strains, however, seem to be capable of infecting these animals. 

After intracutaneous inoculation of the foot pad, there is an incubation period lasting 
from 12 hours to 4 days. The first signs of reaction are a rise of body temperature, and 
redness and swelling of the foot, followed by the development of small vesicles radiating 
from the line of inoculation. The vesicles coalesce to form a large tense blister over the 
entire sole, containing as much as 0-1 ml. of semi-transparent fluid, which is rich in virus. 
General symptoms of illness occur, and secondary vesicles develop on the uninoculated 
feet, and on the tongue, lips and gums. About 2 days after their appearance, the vesicles 
become greyish- white and- flattened, and then gradually dry up ; the whitish colour of 
the skin may remain for some time. The vesicles usually heal completely in 10 to 14 
days. Though the animals are often ill, refuse food, and lose weight, only about 5 per 
cent, of them die. The remainder recover, and are henceforth highly resistant to fresh 
inoculation. The disease can he reproduced by intramuscular, intraperitoneal, and 
intravenous inoculation. After intravenous injection, vesicles develop on the legs in 
3 to 4 days ; mouth lesions are not usually observed (Waldmann and Pape 1920). 
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Maitland (1928) has brought evidence to suggest that mechamcal pressure is to some 
extent responsible for the localization, of the lesions on the pads of the feet after intra- 
muscular injection of the virus. She found that if one foot was adequately protected 
from pressure by being TVTapped in cotton-wool, no lesions developed on this foot after 
intramuscular injection, though typical vesicles appeared on the unprotected feet. More- 
over, by exposing the feet to unusual pressure, as by keeping the animals in cages with 
a coarse wire-mesh floor, she was able to induce the formation of vesicles on the toes, 
and even on the dorsal parts of the feet — situations in which vesicles do not usually occur. 
The disease can readily be passed from animal to animal by inoculation with infective 
material. Complement-flxing bodies may be found in the blood serum of convalescent 
guinea-pigs (see Krag and Schmidt 1937). 

Rabbits, rats and mice can all be infected, but the experimental disease is less severe 
and less typical than in guinea-pigs ; dogs and cats sometimes prove susceptible ; ducks 
can be infected by inoculation of the virus into the thickened pads of skin under the toes 
(Report 1937). The disease practically never spreads from experimentally inoculated 
to normal rodents. Even highly susceptible cattle placed in contact with infected guinea- 
pigs rarely contract the disease. 

Properties of the Virus. — The virus is present in great concentration in the 
vesicle fluid of experimentally infected guinea-pigs ; even when diluted 1/1,000,000 
times it is generally infective for normal guinea-pigs. In the blood, during the 
febrile stage of the illness, the concentration is less, but evea this is active in a 
1/1,000 dilution (Report 1927). In cattle during the febrile stage of the disease, 
the saliva, urine, milk and vesicular fluid are infective ; but in 3 to 6 days after 
the appearance of the lesions they lose their infectivity completely. For diagnostic 
purposes, it is therefore important to use fresh vesicular material, not more than 
2 days old (Olitsky et al. 1928). The rapid disappearance of the virus from the 
local lesion and blood of infected animals is one of the most remarkable features 
of foot-and-mouth disease ; within the space of 3 or 4 days as a rule the virus, 
from being present in large quantities, is reduced to such an extent that it is no 
longer demonstrable by experimental methods. 

Loeffler and Frosch (1898) in 1897 were the first to show that the foot-and- 
mouth virus was filtrable. When present in diluted vesicle fluid, it will pass readily 
through Berkefeld, Chamberland and Seitz filters. The size of the virus is still 
in process of determination. Using the gradocol membrane technique, Galloway 
and Elford (1933) found the average particle diameter to be 8-12 mfji. Centri- 
fugation experiments, however, placed it at 20-25 mjj, (Elford and Galloway 1937, 
Schlesinger and Galloway 1937). Barnard (1937), studying photomicrographs 
taken by ultra-violet light, found the diameter to be even larger — about 40 mfi. 
The organisms tended to be rod-shaped, and the optical system used may have 
been incapable of resolving the smaller diameters completely ; the breadth of the 
virus may therefore have been rather less than the figure quoted. Further work 
must be awaited before the discrepancy between these three estimates can be 
explained ; but it may be noted that the gradocol membrane technique will neces- 
sarily afford a measurement of the smallest diameter of the virus — ^just as with 
spirochsetes— and that the measurement afforded by centrifugation is determined 
by the density value, which itself is to some extent a matter of assumption. The 
suggestion that the A, B, and C varieties are not identical in size (see Modrow 
1929) finds no support in the observations of Galloway and Elford (1937). The 
virus was successfully cultivated by Maitland and Maitland (1931) in tissue cultures 
containing guinea-pig embryo tissue and clotted guinea-pig plasma. Seventeen 
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successive subcultures were observed, and a titre as Mgb as 1/100,000 was obtained 
(see also Hecke 1930, Striegler 1933, Kobe and Fertig 1936, 

The virus is very resistant to certain methods of disinfection, though easily destroyed 
by others. Thus when vesicle fluid from the guinea-pig is dried rapidly on a glass slide 
at 37° C., it is often inactivated immediately ; but if dried slowly at room temperature, 
and kept over H2SO4, it survives for 3 to 6 months. Filtered vesicle fluid is destroyed 
by moist heat at 55° 0. in 15 to 40 minutes. The virus when present in dilute vesicle 
fluid is readily destroyed by high dilutions of chlorine, iodine, potassium permanganate, 
caustic soda, and sulphuric acid, but in epithelial scrapings it is much more resistant. 
Its apparent resistance to chemical disinfectants in the presence of organic matter is 
probably due to the protective effect exerted by the protein coagula formed in the sub- 
strate (Olitsky et al. 1928). If coagulation is prevented, or if disinfectants are used that 
do not coagulate protein, the virus is found to be very susceptible. In buffer solutions 
the virus shows two zones of stability — an optimal zone at pH 6 -5-10 *0, and a less favour- 
able zone at pH 2-5--3-5 (Pyl and Klenk 1933, Galloway and Eiford 1935). At a suitable 
pH it may survive in the ice-chest for a year. 

Plurality of Various Types. — Immunological experiments have shown that there 
are at least three different types of foot-and-mouth virus. Vallee and Carre (1922) 
met with two types, Virus 0 from the Department of the Oise, and Virus A from 
Germany {origine allemande). Both viruses were equally pathogenic for cattle, 
pigs, and sheep, and gave rise to the same clinical symptoms. Animals that had 
recovered from infection with one strain proved immune to further infection with 
the same strain, but were readily infected by the other strain, Waldmann and 
Trautwein (1926), in an examination of 30 strains of different origin in Germany, 
encountered three types ; 4 strains belonged to Type A, 4 to Type B, and 5 to 
Type C ; the remaining 17 strains were variants of the main types. Strains of 
different types were found in the same area. Oxen and guinea-pigs were infected 
experimentally with the three different types in succession. According to the 
Foot-and-mouth Disease Eesearch Committee (Report 1928b), Vallee’s Type A 
is the same as Waldmann’s Type B, and Vallee’s Type 0 the same as Waldmann’s 
Type A ; Waldmann’s Type C is a new type. The three types are said to be dis- 
tinguishable by complement fixation (Ciuca 1929, Helm 1933). 

Further observations, particularly by Manninger and von Laszlo (1930), Traut- 
wein and Reppin (1932) and Daubney (1934), have cast considerable doubt on the 
fixity of these three types. Variant and intermediate types have been observed, 
and one intermediate strain was found to pass into an 0 type as the result of guinea- 
pig passage and into an A type as the result of storage in the cold. Daubney regards 
the bovine virus as a labile organism subject to spontaneous phase variations. 
This interpretation is borne out by observations in Great Britain (Report 1937). 
The epidemiological importance of multiple types is obvious, since it renders possible 
the re-infection of animals that have already passed through one attack of the 
disease. 

Immunity and Prophylactic Treatment. 

An animal that has passed through an attack of the disease acquires a varying 
degree of immunity to the specific type of infecting virus. In cattle, subsequent 
resistance to infection appears to be very strong, persisting for some years ; but 
pigs develop a much lower degree of immunity and can often be re-infected within 
a jrear (Report 1937). The serum of immune animals contains antibodies capable 
of neutralizing the virus in vitro, Prophylaotically, immunity may be produced 
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by the injection of animals with a weakly virulent virus, given eitber alone or 
in combination with iininiine serum. The practice of using living virus is open 
to several objections. 

Vallee, Carre and Riiijard (1926) succeeded in rendering cattle immune by the use of 
a formolizcd vaccine, prepared by exposing the virus to a concentration of 0-5 per cent, 
formol for 4 to 7 days at room temperature. Heifers inoculated subcutaneously with 
10 mi. of Virus A and 10 ml. of Virus O vaccine were protected against subsequent 
infection with either strain, though one animal proved susceptible to Virus O. Immunity 
can likewise be produced in guinea-pigs by use of a formolized vaccine, but the immunity 
is only partial, and wears off in about 2 months ; moreover, antibodies are not demon- 
strable in the blood serum. Guinea-pigs may, however, be rendered highly resistant by 
the intramuscular injection of living virus, after preliminary immunization with formolized 
virus ; and in animals so treated antibodies may readily be demonstrated in the blood 
(Report 1927, 19286). It remains true, however, that no satisfactory vaccine for the 
active immunization of cattle has yet been devised (Waldmann and Reppin 1935). 
Formolized vaccines have not had much success in the field (Waldmann and Reppin 
1935) ; but more recently Waldmann (1938) has described a promising vaccine in which 
the virus is adsorbed on to aluminium hydroxide and treated with 0-05 per cent, formol 
for 2 days at 25° G. Results of large field trials are still awaited. 

Methods for dealing with an outbreak of foot-and-mouth disease vary in different 
countries. In Great Britain, the United States, and Scandinavia a rigorous policy 
of stamping out the disease by slaughter and disinfection is practised, la Germany 
the system known as Ring-Inipfung is officially employed. This consists in isolating 
the affected farms, and giving all contact animals combined active and passive 
immunization, using for this purpose living virus and polyvalent hyperimmune 
serum. The result is a mild attack of the disease, which leaves behind it a more 
or less lasting immunity. At the same time animals on surrounding farms are 
given an injection of serum, the effect of which is to afford them some degree 
of passive immunity for about 10 days. The serum may, however, mask a mild 
attack, so that the infection of some animals passes unrecognized and may form 
a starting point for further spread. The whole area is isolated for 2-3 weeks. 
The merits of the two policies have often been discussed. There is no doubt 
that the slaughter method has proved, on the whole, satisfactory in countries 
where it has been thoroughly carried out. It is difficult to judge the value of 
the isolation and immunization policy without knowing how often and how long 
animals may remain carriers of the virus after an attack of the disease. Immune 
polyvalent serum made by hyperimmunization of cattle against the three main 
types of virus may be used prophylactically or therapeutically. Its value, however, 
is limited. It may protect cattle and pigs exposed for only 3 hours or so to contact 
infection, but not those exposed for 24 hours (Report 1937). In guinea-pigs 
the serum, though usually unable to protect completely against the disease, may 
prevent generalization of the infection. 

Vesicular Stomatitis oe Horses 

This disease is similar in many respects to foot-and-mouth disease. It has been 
observed chiefly in South Africa and the United States, and is characterized by the 
development of vesicles on the oral mucosa, particularly on that of the tongue. 
Though the disease is primarily one of equines, cattle may become infected naturally ; 
the lesions in cattle resemble those of foot-and-mouth disease, but are less extensive, 
and do not usually affect the feet. Intramuscular injection of cattle with the 



1908 


VESICVLAU EXANTHEMA OF SWINE 


vesicular stomatitis virus does not produce lesions, whereas injection with the 
foot-and-mouth virus does ; in horses, on the other hand, inoculation of the scarified 
tongue with the stomatitis virus produces lesions, whereas the foot-and-mouth 
virus does not. Pigs do not contract vesicular stomatitis naturally, hut can be 
infected experimentally. The guinea-pig is susceptible to experimental inoculation 
with the stomatitis virus. According to Oiitsky, Traum and Schoening (1928) 
there is no cross-immunity between foot-and-mouth disease and vesicular stomatitis 
in cattle. The causative virus differs from that of foot-and-mouth disease in 
being larger (70-100 m/^ by ultrafiltration, 60 mjji by centrifugation, 80-100 
by ultra-violet photography), in being spherical instead of rod-shaped, in multi- 
plying readily on the chorio-allantoic membrane of the developing chick embryo, 
and in having only one zone of pH stability, limited on the acid side by pH 4-5 
(Galloway and Elford 1933, 1935, 1937, Elford and Galloway 1937, Burnet and 
Galloway 1937, Barnard 1937). There are at least two antigenic types. 

Vesicular Exanthema of Swine 

A disease bearing a close resemblance to foot-and-mouth disease was recognized 
in California about 1932, and was called vesicular exanthema of swine by Traum 
(1936). Outbreaks occurred irregularly, but on a generally increasing scale, till 
in 1939-40 the number of infected premises was 123 and the number of animals 
on these premises was over 220,000 (White 1940). It is an acute febrile disease, 
characterized by vesicles on the snout, lips, oral mucosa, tongue, and feet. The 
vesicles are 2-3 mm. and upwards in diameter. There is often considerable 
systemic disturbance, the temperature reaching 108° E. The animals suffer from 
varying degrees of lameness. Growth is seriously interrupted. The case mortality 
is low except in young sucking pigs, which may die either as the result of cessation 
of lactation in the nursing sow or of mechanical obstruction to respiration by 
the vesicles. Animals that recover develop a temporary immunity, which passes 
off in a few months’ time. The disease spreads readily by contact. The incuba- 
tion period is about 48 hours. Experimental inoculation is successful by the 
intradermal or intramuscular route. Clinically, the disease cannot be distinguished 
with certainty from foot-and-mouth disease, and reliance in the first place has 
to rest on animal inoculation. As will be seen from Table 188 the virus of vesicular 
exanthema of swine differs from that of foot-and-mouth disease in being patho- 
genic to horses, but not to cattle or guinea-pigs. 

TABLE 188 


DiFrEBENTiAL SUSCEPTIBILITY OP Animals TO INOCULATION (Traum 1936) 


Virus. 

Swine. 

Cattle. 

Guinea-pigs. 

Horses. 

Foot-aud-moutb , 

-f 

“h 



Vesicular stomatitis . 

-b 


4 - 


Vesicular esauthema . 

+ 



± 


-f- — susceptibility. — susceptibility less aixd irregular. 


The susceptibility of the horse to vesicular exanthema is less than that of cattle, 
and may perhaps vary with different strains of virus. The British workers (Report 
1937) failed in their efforts to infect horses with a strain of Californian origin. 




INFECTIOUS EGTSOMELIA 


1909 


The virus is antigenically different from any of the known types of foot-and- 
mouth virus, and there appears to he no cross-immunization between the two 
viruses. In control of the disease reliance is placed on rigid quarantine measures. 

ViEus III InfectioxV oe Rabbits 

Virus III was the name given by Rivers and Tillett (1923, 1921a, h) to a filtrable 
virus encountered in rabbits during experimental work on chicken-pox. Injected 
intratesticularly into rabbits it produces a high fever and characteristic lesions in 
the cornea, testicles and skin ; within the epithelial and endothelial ceUs of these 
lesions acidophilic nuclear inclusion bodies are found, similar to those seen in 
herpes and varicella. Injected intracerebrally it sometimes gives rise to a meningo- 
encephalitis, not unlike that of herpetic encephalitis (Rivers and Stewart 1928). 
Frozen and desiccated, and kept in sealed tubes on ice, it retains its virulence 
indefinitely ; even after 15 months under these conditions it was still active. Its 
activity is also maintained for at least 6 weeks if infected testicular suspensions 
are mixed with equal amounts of glycerol, and stored on ice. It is destroyed by 
heat at 55^^ C. in 10 minutes. Rabbits injected with the virus develop an immunity 
to subsequent inoculation, which lasts for 6 months or more. The serum of immune 
rabbits contains antibodies capable of neutralizing the virus either in vitro ^ or locally 
in the rabbit’s skin when the serum and virus are inoculated together. Attempts 
to confer passive immunity on rabbits, by intravenous injection of immune serum 
24 hours previous to inoculation of the virus, proved negative. Rivers and Tillett 
found that about 15 per cent, of their young stock rabbits were refractory to in- 
fection with Virus III, indicating that they had suSered spontaneously from the 
disease. The same virus was met with in rabbits by Miller, Andre wes and Swift 
(1924). According to Andrewes (1929), it can be grown in tissue cultures prepared 
from adult rabbit testis. Typical intranuclear inclusion bodies are formed in 
these cultures. The symptoms of natural Virus III infection in rabbits are 
unknown. The virus is brought to light only by serial intratesticular passage, 
preferably at 4-day intervals. It may sometimes be present in rabbit tumours 
(Andrewes 1940), being carried as a so-called passenger virus.” 

INFECTIOUS EGTROMELIA 

This is a highly infective disease of mice, which was first described by Marchal 
(1930) at Hampstead. It occurs in an acute form characterized by the presence 
of visceral lesions, in a chronic form characterized by necrosis of the feet, and in 
a latent symptomless form. In the chronic form one of the feet becomes swollen 
and oedematous, and serous fluid escapes from the surface, forming minute scabs. 
The disease may retrogress, in which case the foot becomes gangrenous and sloughs 
off leaving healthy tissue behind ; or infection may spread to another foot, the tail, 
or the mouth, and lead to the death of the animal. In the acute form the animals 
die without any external lesions. Post mortem the liver may be dirty grey in 
colour, or it may be red and mottled due to the presence of small white focal areas 
of necrosis. The spleen is slightly enlarged, and may show large white areas, 
especially in the more chronic cases. There is often an excess of pleural fluid. 
It must be emphasized, however, that mice may die of ectromelia without showing 
any definite macroscopic lesions. Histologically, the chief characteristic is necrosis 
of the mesoblastic tissues, and the presence in the epithelial cells of the skin and 
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intestine of large acidophilic cytoplasmic inclusion bodies (see Figs. 234 and 235, 
p. 958). The disease can be readily transmitted to normal mice by contact, and 
by inoculation with infective material. Fats are susceptible, but develop only 
an inapparent ” infection (Burnet and Lush 19366). 

The causative agent is a virus, 100-150 m/t in diameter, which can be demon- 
strated microscopically in the liver and cutaneous tissues (Barnard and Elford 
1931). It is widely distributed throughout the body. It is destroyed by exposure 
to 55° C. for 30 minutes, but withstands the action of 50 per cent, glycerol in the 
ice-chest for several months. It can be grown in tissue culture (Downie and 
McGaughey 1935), and on the chorio-allantoic membrane of the chick embryo 
(Paschen 1936). The case mortality of the disease is generally fairly high. 

In diagnosis, the chronic foot lesions must be distinguished from those caused 
by Actinomyces muris. This organism can be cultivated directly on serum agar. 
One of the best methods of demonstrating the presence of the virus in a suspected 
mouse is to filter a suspension of the liver and spleen through sand and paper pulp, 
to add 0-5 per cent, phenol, to leave it in the ice-chest till it is bactoriologically 
sterile, and to inoculate it intraperitoneally into normal mice. If the virus is 
present, the animals will die within 4-6 days, and macroscopic lesions will be demon- 
strable in the liver. 

Animals that recover from the disease have a substantial immunity. Normal 
animals can be vaccinated with considerable success by means of a formolized 
liver suspension (Greenwood and Topley 1936). For a study of the epidemic 
spread of the disease, see Greenwood and Topley (1936) and pp. 1256-1260. 
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FILTRABLB VIRUS DmAm-Continued 

0. GROUP CHARACTERIZED BY LESIONS OF THE 
NERVOUS SYSTEM 

ENCEPHALITIS 

There are a number of diseases, many of them known to be caused by viruses, that 
affect the central nervous system and give rise to a picture of encephalitis, encephalo- 
myelitis, or myelitis. The classification of these diseases is very difficult, and is 
generally made on the type of cell attacked. Since this is not a textbook of patho- 
logy, we do not wish to discuss the type of lesion produced in these diseases, parti- 
cularly since there is still considerable disagreement among neuropathologists on 
this question. Those who wish for a classification along pathological Hues may be 
referred to Rivers (1932) and Hurst (1936). 

Fothergill (1941a) has suggested a classification based on the degree of neurotropism 
of the infecting virus : (a) caused by strictly neuro tropic viruses, i.e. those which attack 
primarily nerve cells alone, such as the viruses of poliomyelitis, rabies, Boma disease, 
and pseudorabies ; (6) caused by pantropic viruses, i.e. those multiplying not only in 
nerve cells, but in other types of cell, such as the viruses of St. Louis encephalitis, Australian 
X encephalitis, equine encephalomyelitis, and louping-ill; some of these diseases are 
insect-borne ; (c) caused by visoerotropic viruses, such as vaccinia and mumps ; these 
give rise more to a meningitis than to a true encephahtis. In addition, there are secondary 
types of encephalitis, such as post-vaccinal encephalitis, the causation of which is stiU 
unknown, but which are characterized pathologically by perivascular deibyelinization. 

In the account that follows we shall content ourselves with describing in sequence 
the more important diseases of man and animals in which the nervous system is 
affected. 

Human Encephalitis 

Encephalitis Lethargica. 

This is a primary encephalitis, presumably of virus origin. The disease was 
first described by von Economo (1917) in Vienna, and was recognized in this country 
the following year. The highest year of incidence in England and Wales was 
1924, when 6,039 cases were notified with 1,407 deaths. Since then the incidence 
has declined gradually, and in 1938 the number of registered deaths had fallen 
to 660. From post-mortem observations; however, it appears very doubtful 
whether more than a small proportion of the cases diagnosed as encephalitis 
lethargica are really examples of this disease. The true incidence is probably 
far lower than is indicated by the reported figures. Epidemic hiccup is regarded 
as a mild form of the disease (see MacNalty 1937). 
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ST. LOUIS ENCEPHALITIS 


Confl-icting reports have been publisbed on the aetiology of encephalitis lethargica. 
Mncb of the earlier work on the transmission of infection to animals was confused 
by the occurrence of a spontaneous disease of rabbits — meningo-encephalitis (see 
p. 1924:)— and must be disregarded. Observations by Levaditi and Harvier 
(1922-23), Perdran (1925a, b), da Fano and Perdrau (1927), and G-ay and Holden 
(1933) suggest that the virus of encephalitis lethargica may be related to that 
of herpes, but this is little more than speculation. Though both McIntosh (1923) 
and McCartney (19246) have reported the transmission of a fatal encephalitis to 
rabbits by the direct inoculation of brain suspensions from infected patients, it 
must be admitted that very little progress has been made in the study of this 
disease and its causation still remains obscure. (For a short summary of the 
experimental observations made on this disease the reader is referred to pages 
1499-1501 in the 2nd edition of this book.) 

St. Louis Encephalitis. — very remarkable outbreak of encephalitis occurred 
in St. Louis, Mo., during the late summer of 1933. The epidemic started at the 
beginning of August and finished about the end of October. Eat her over a thousand 
persons were attacked — an incidence of approximately 1 per 1,000 of the population. 
The case-mortality rate, which had an average of 20 per cent., showed a striking 
increase in relation to the age of the patient ; thus, under 40 years of age it was less 
than 10 per cent. ; in the 40-50 age group it was 12 per cent., in the 50-60 group 
21 per cent., in the 60-70 group 38 per cent., in the 70-80 group 56 per cent., and in 
the 80-90 group 80 per cent. Over half the fatal cases died in the 1st week. The 
incubation period was not ascertained with certainty, but appeared to be from 
4 to 21 days. Pathologically, the lesions differed in several respects from those in 
encephalitis lethargica, particularly in the more extensive involvement of the 
meninges and spinal cord, the more widespread distribution of inflammatory foci 
through the brain, and the greater frequency of degenerative changes in the nerve 
cells and of neuronophagia. 

Cultures of the blood and spinal fluid were sterile. Attempts to transmit the 
disease to rabbits proved a failure, but successful results were obtained by Mucken- 
fuss, Armstrong, and McOordock (1933) with Macacus rhesus monkeys. Combined 
intracerebral and intraperitoneal inoculation of human brain suspension was followed 
in 8-14 days by a steadily rising temperature, drowsiness, intention tremor, muscular 
weakness and inco-ordination of the extremities, and increased pressure of spinal 
fluid. Most of the animals were killed, and it is not known whether the disease 
would have proved fatal spontaneously. The changes in the nervous system 
observed post mortem were similar to those in the human disease. Only about 
40 per cent, of monkeys proved susceptible, and after 5 passages, experiments with 
these animals were discontinued. 

The disease was also shown to be transmissible to mice (Webster and Fite 1935a). 
After intracerebral inoculation with human brain suspension these animals develop in 
3-4 days a condition characterized by hypersesthesia, coarse tremors, convulsions, prostra- 
tion, and death in 4-6 days. The disease can be passed indefinitely through mice. ^Other 
animals, with the possible exception of .the mide, appear to be refractory. Mice can 
be immunized agamst intracerebral infection by subcutaneous or intraperitoneal inocula- 
tion with living vims (Webster 19386). 

The virus is about 20-30 m/i iu size (Webster and Fite 19356, Elford and Perdrau 
1935). It has been cultivated by Syverton and Berry (1935) in a medium con- 
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taiiiiiig minced living embryonic mouse brain, and by Harrison and Moore (J937) 
on the chorio-allantoic membrane of the developing chick embryo. It is present 
in great concentration in infected mouse brain ; an intracerebral dose of even 
3 X gm. often proves fatal to mice. Mouse brain suspension remains viru- 
lent for at least 3 months when frozen ; it withstands the action of 1 per cent, 
phenol for 25 days in the ice-chest, but is inactivated by 0*1 per cent, formol 
at room temperature in 12-18 hours (Brodie 1934a). Using the mouse protec- 
tion test, in which the virus and the serum to be tested are mixed, incubated 
for ] hour at 37° C., and inoculated intracerebrally into mice, it was found that 
the virus was neutralized by about 82 per cent, of sera from convalescent patients, 
but not by the serum of non-contacts or of patients who had suifered from herpes, 
encephalitis lethargica, or poliomyelitis (Webster, Fite and Clow 1935, Brodie 
1934a). Wooley (1934), however, found that about 30 per cent, of sera from 
persons in different parts of the United States contained neutralizing bodies for the 
St. Louis virus. Neutralizing antibodies have also been found in Kenya, Congo, 
and possibly the Sudan, showing that the disease is not confined to the United 
States (Smithburn and Jacobs 1942). The virus is distinguished from the viruses 
of herpes and vaccinia by its failure to provoke a response in rabbits, and from 
those of Rift Valley fever, louping-ill, poliomyelitis, equine encephalitis, and 
mouse encephalitis by its effects upon monkeys and mice. It is closely related 
to the virus of Japanese B encephalitis and the West Nile encephalitis virus, but 
is said by Webster (1938a) and Casals (1944) — though Perdrau (1940) disagrees — to 
be antigenically distinguishable from it. The St. Louis virus is virulent for mice, 
but only weakly virulent for the monkey : the Japanese virus is virulent for mice, 
monkeys, and sheep. 

The mode of spread of St. Louis encephalitis is not yet clear, but there is strong 
evidence to suggest insect transmission. Hammon and his colleagues (19425, c) 
have isolated three strains of the St. Louis virus from mosquitoes — Culex tar salts 
Coquillet — in the Yakima valley and have proved this insect to be capable of 
transmitting infection under experimental conditions. Diagnosis of the disease 
is aided by the complement-fixation test (Casals and Palacios 1941) ; antibodies 
appear in the blood within two weeks. (For a general account of the disease, 
see Report 1935.) 

Japanese Encephalitis. — Synojjtym : B encephalitis. — In Japan several out- 
breaks of encephalitis have occurred during the past 80 years or so. They have 
been particularly common during the late summer months, and for this reason 
the disease is often referred to as “ summer encephalitis.’’ A large outbreak 
occurred in the summer and autumn of 1924, when there were over 7,000 cases with 
a fatahty rate of 60 per cent. Another large epidemic, causing about 5,000 deaths, 
was witnessed in August and September 1935. 

The causative virus was isolated and studied by Kasahara and his colleagues 
(1936a, 5, 1937a, b) and by Taniguohi and his colleagues (1936). It is about 
20-30 m^ in size (Yaoi et al. 1939) ; it can be cultivated in a medium of the Mait- 
land type containing minced chick embryo brain (Kawakita 1939) ; it is avirulent 
to rabbits, but gives rise to a non-suppurative meningo-encephalomyelitis on 
intracerebral inoculation of mice, monkeys, and young sheep ; it is neutralized 
by the serum of convalescent patients ; and it can be distinguished by cross- 
neutralization tests from the virus of St. Louis encephalitis (Kawamura et al. 1936, 
Kasahara et al. 1937a, Webster 1938a) and from the West Nile virus (Casals 
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1944). Guinea-pigs are said by tbe Japanese workers (Kasaliara et al. 1936 ^/) to 
be susceptible to intratesticular inoculation, but they appear to be resistant 
to intracerebral inoculation (Webster 1938a.). 

In man the disease can be diagnosed during life by tlie deinoustration of 
complement-fixing and of neutralizing antibodies in tlic patient s serum, and at 
autopsy by inoculation of brain tissue intracerebrally into mice. Histologically, 
degeneration of tbe Purkinje cells of tke cerebellum is an outstanding lesion. 
There is some evidence that infection may be transmitted to man by mosquitoes 
—■C'ulex tritcsniorhyncJius (see Fothergill 1941a). Neutralizing bodies to the 
Japanese B virus have been found in the blood of natives of the Sudan and Congo 
(Smithburn and Jacobs 1942). 

Australian X Encephalitis. — A disease simulating the Japanese encephalitis 
occurred in Australia in 1917 and again in 1918. It had a high fatality rate—TO 
per cent. This so-called X disease broke out again in New South Wales in 1922 and 
1926. The virus is readily transmissible to monkeys and to sheep, and the lesions 
to which it gives rise are very similar to those observed in sheep affected with 
louping-ill (see p. 1926). The X disease may possibly be contracted from sheep 
(Perdrau 1936). 

Russian Spring-Summer Encephalitis. — In 1937 cases of human encephalitis 
were recognized by Chumakov and Gladkikh (1940) occurring particularly among 
wood-cutters in thickly forested areas of the Soviet Far East. The disease occurs 
in the spring and summer months, and is transmitted by the bite of the tick, 
Ixodes 2 >ersulcatus Schulz. Wild rodents appear to constitute a reservoir of infection 
in endemic areas. A virus was isolated from the brain of fatal cases, which the 
Russian workers looked upon as resembling the virus of Japanese B encephalitis. 
According to Casals and Webster (1944), who studied three strains, and to Casals 
(1944), it is very similar to, though not identical with, the virus of louping-ill 
(see p. 1925). 

West Nile virus Encephalitis. — Smithburn, Hughes, Burke and Paul (1940) 
described the isolation of a virus from the blood of an African woman who was 
suffering only from slight fever, but who subsequently developed neutralizing 
antibodies in her serum. The agent was designated the West Nile virus, from the 
district in which it was encountered. Mice and monkeys inoculated intracerebrally 
developed encephalitis, and degenerative changes were found in the Purkinje 
cells of the cerebellum recalling those produced by the louping-ill virus. Smith- 
burn (1942) compared the West Nile virus with the viruses of St. Louis and of 
Japanese B encephalitis. All three were found to be related to each other, but 
to be distinguishable by cross-neutralization tests. Human sera that neutralized 
the West Nile virus failed to neutralize either of the other two, but antisera to the 
St. Louis and Japanese B viruses partly neutralized the West Nile virus. The 
relationship of this virus to the virus of louping-ill has not yet been determined. 
It rnay be noted, however, that the West Nile virus is estimated to be 21-31 mpe 
in diameter, whereas the louping-ill virus appears to be only 15—20 

Encephalomyelitis due to EQ.ume virus. — ^As its name implies, equine encephalo- 
myelitis is essentially a disease of horses (see below). During the late summer 
and early autumn of 1938 there, was a large outbreak in the United States, and 
human cases of the disease were recognized for the first time. Diagnosis of infection 
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with the eastern type of virus was made by Fotliergill, Biiigle, Farbijr and Con- 
nerley (1938) and by Webster and Wright (1938), and with tin', western type, of 
vims by Howitt (19386). The disease occurred in rural areas, and afTecied particu- 
larly infants and young children, in whom it cauwscd a high inortaUty. The virus 
can sometimes be demonstrated in the blood (Howitt 1939) tind in the cerebro- 
spinal fluid (Fothergill, Holden and Wyckoff 1939) during life. After death it 
may be isolated from the brain by intracerebral inoculation of mice. Neutra- 
lizing antibodies are often present in the blood serum and the cerebrospinal fluid 
of convalescent patients (Howitt 1941, Buss and Howitt 1911). Healthy contacts 
who have been exposed to infection may also show neutralizing antibodies (Mitchell 
and Pullin 1943). Diagnosis during life may be made by the demonstration of 
complement-fixing and neutralizing antibodies in the patient’s senini (Casals and 
Palacios 1941, Casals 1941, Howitt 1943). Infection is probably carried by 
mosquitoes— CwZea; tarsalis Coquillet (Hammoii et al 1942(7,, 6). Besides the 
disease due to the eastern and western types of virus, laboratory infections have 
been described with the Venezuelan type (Casals et al 1943). 

Bwamta Fever . — A mild non-fatal disease, apparently caused by a virus producing 
nervous symptoms in mice, was encountered in African natives by Smithburn, Mahaffy 
and Paul (1941) during a yellow fever survey in the Western Province of Uganda and 
was named by them Bwamba fever. Clinically, the disease was characteriz('d by a sudden 
onset with fever, headache, and pain in the lumbar region, mild conjunctival injection 
and a skin rash. The fever lasted for 2-5 days, the headache and backache for 2 oi* 3 days 
longer. Convalescence was rapid and complete. The disease did not appear t.o be highly 
contagious. A virus could be demonstrated in the blood by intraceix'bral inoculation 
of mice, and could be carried over from one mouse to another by injection of brain tissue. 
After intracerebral injection symptoms of nervous excitement appeared in about 4 days, 
and the animals generally died a day later. At post mortem there was a variable degree 
of hypersemia and oedema of the brain. Microscopically, widespread degenerative changes 
were seen in the pyramidal cells of the cortex, together with single or multiple acidophilic 
intranuclear bodies resembling inclusions. Infection did not spread from mouse to mouse 
by contact, even though the animals could he infected by intranaaal inoculation. Monkeys 
developed a non-fatal febrile illness when injected intracer ebr ally. Guinea-pigs and 
rabbits proved resistant. The virus passed through a Seitz filter. Judged by experi- 
ments with gradocol membranes its size was between 113 and 150 m/i. It could be readily 
preserved by drying from the frozen state, but a saline suspension kept in the ice-chest 
proved innocuous within 13 days. It was destroyed by exposure to heat at 50° 0. for 
30 minutes. Antibodies specifically neutralizing the virus were demonstrated in conva- 
lescent human and monkey serum. So far as could be ascertained, the 9 strains of virus 
that were isolated appeared to he antigenically identical. 

Semliki Forest Virus.— Under this name Smithburn and Haddow (1944) and Smith- 
burn, Mahaffy and Haddow (1944) have described a virus isolated from a group of AMes 
abnormalis mosquitoes caught in the Semliki forest of Western Uganda. It killed mice 
when inoculated by various routes, but was fatal to guinea-pigs, rabbits and rhesus monkeys 
only on intracerebral inoculation. In the brain it produced lesions resembling those 
caused by the equine encephalomyelitis viruses. By neutralization tests it was found 
to differ from other encephalitis viruses, including the West Nile virus, though it was 
not compared with the virus of Russian spring-summer encephalitis. It also appeared 
to be smaller m size than any of these viruses. Whether it is pathogenic to human beings 
is not known, but neutralizing antibodies were found in a proportion of human sera collected 
in the neighbourhood. It is suggested that the red-tail monkey, Oercopithecus nictitans, 
may form one of the natural reservoirs of the virus. 
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Ascending Myelitis. B ” virus and herpes virus. — Sabin and Wright (1934) 
recorded a human case of acute ascending myelitis, associated with focal necroses 
in the viscera, following the bite of an apparently normal Macacus rhesus monkey. 
By the inoculation of rabbits a strongly neurotropic filtrable virus was demon- 
strated in the patient’s brain, cord and spleen. In monkeys the neurotropic 
tendency was not so evident. Intravenous inoculation of these animals was 
followed by a generalized disease not unlike that caused by vaccinia, and accom- 
panied by a rash on the face, buccal mucosa, and conjunctiva (Sabin 1934). Besides 
rabbits and monkeys, guinea-pigs are also susceptible to experimental inoculation. 
The virus, which is usually referred to as the ‘‘ B ” virus, can be cultivated on 
the chorio-allantoic membrane of the developing chick embryo (Burnet, Lush and 
Jackson 1939a). Infection appears to be endemic in monkeys, in which neutra- 
lizing antibodies can often be demonstrated; morbidity and mortality in these 
animals, however, are very low. 

Primary myelitis may follow the intravenous inoculation of herpes virus into 
rabbits (Koppisch 1935, Boerr and Hallauer 1936). We shall subsequently have 
occasion to refer to cases of acute ascending myelitis of the Landry type caused 
by the virus of rabies. 

Burnet, Lush and Jackson (19396) have drawn attention to the similarity 
between the B virus, the herpes virus, and the pseudorabies virus. All produce 
intranuclear inclusion bodies ; all are predominantly but not strictly neurotropic ; 
all may appear in the blood after inoculation into a distal part ; but they invade 
the central nervous system, not like louping-ill, equine encephalomyelitis and 
some other viruses by way of the blood, olfactory mucosa, and olfactory bulbs, 
but by the peripheral nerves ; all tend to produce death in experimentally inocu- 
lated animals at a time when little virus is present in the brain ; and all are com- 
paratively innocuous to hosts in which they naturally cause endemic infection, 
but are highly fatal to other animals. 

Secondary Encephalitis.— We have already (p. 1894) drawn attention to the 
encephalitis that occasionally follows vaccination against smallpox, and have 
discussed its aetiology. Similar cases of encephalitis sometimes occur during con- 
valescence from other diseases such as measles, varicella, mumps, yellow fever, 
and influenza. The most striking characteristic of all these cases is the occur- 
rence of perivascular demyelination — a lesion which is not usually met with in 
primary encephalitis. Whether the production of secondary encephalitis is due 
to the virus causing the primary disease, or to a different virus lying latent in the 
tissues, or is a purely degenerative condition not determined by a virus at all, 
remains a subject for debate (see McIntosh 1928, McIntosh and Scarff 1928, Green- 
held 1930, Eivers 1932, Ledingham 1935, Hurst 1936). 

For a description of the clinical and pathological manifestations of the various 
types of encephalitis in human beings, the reader is referred to the monograph 
by Neal (1942). 

Encephalitis in Animals 

Borna Disease. Endemic Encephalomyelitis of Horses, Cattle and Sheep. 

Borna disease is the name given to an iofectious encephalomyelitis of horses. 
The name Borna ” is derived from the locality in Saxony where a severe epizootic 
occurred during the years 1894-96. The disease is widely distributed, and may 
occur in epidemic form with a mortality sometimes reaching 90 per cent. A similar 
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encepKalomyelitis is likewise observed in cattle and slieep. Histologically, lesions 
are found in the central nervous system and in the peripheral nerves, and characteris- 
tic inclusions ( Joest-Degen intranuclear corpuscles) are observed in the large ganglion 
cells of Ammon’s horn. The disease is due to a filtrablc virus, which appears to 
be the same in all three species of animal. According to Elford aud Galloway 
(19336) it is about 85-125 mfi in diameter. The virus is resistant to glycerol, but 
sensitive to desiccation, ultra-violet light, and heat. Inoculated iiitracerebrally 
into rabbits it gives rise after an incubation period of 15 to 50 days to a disease 
characterized by cerebral symptoms and proving fatal in 5 to 17 days. The virus 
produces lesions in the central nervous system, and makes its way down the peri- 
pheral nerves, in which it sets up an interstitial neuritis. Monkeys, guinea-pigs, 
and rats are also susceptible. Eabbits may be immunized against the disease by 
the inoculation of suitably attenuated virus into the brain ; sometimes immunity 
is produced by multiple inoculations subcutaneously of large quantities of for- 
molized vaccine. There is some evidence that the Borna virus is related to the 
virus of poliomyelitis. (For an excellent review of the disease, together with an 
account of original work, see Hicolau and Galloway 1928.) 

Encephalomyelitis of Horses. — This is an endemic disease of the United States 
and Canada, which has, however, been recognized in parts of South America. 
It resembles the Borna disease of Europe, differing from it in the histological 
character of the lesions and in the type of the causative virus (Hurst 1934-, Howitt 
1935). In the United States it has been observed mainly along tlic Atlantic 
seaboard and in California. The disease occurs in the late summer and autumn. 
The eastern type is seen in salt marshes, the western type in river valleys. There 
is strong evidence to suggest that the disease is spread by insects (for references 
see Fothergill 19416). Kelser (1933) showed experimentally that infection could 
be transmitted by the mosquito, Aedes cegypti. More recently the western type 
of virus has been demonstrated under natural conditions in another mosquito, 
Culex tarsalis Coquillet (Hammon et al. 19426, c). In 1937 and 1938 there was 
a very large outbreak of the disease, several thousand horses dying. At the same 
time, a considerable mortality was observed among pigeons (Fothergill and Dingle 
1938) and pheasants (Tyzzer, Sellards and Bennett 1938) ; from bofch of these 
birds the eastern type of virus was isolated. A field study by Hammon and his 
colleagues (1942a) in the Yakima valley revealed the presence of neutralizing 
bodies for the western type of virus in the sera of about 50 per cent, of domestic 
birds and 35 per cent, of domestic mammals studied, and of about 20 per cent, 
of wild birds and 8 per cent, of wild mammals. It would appear therefore that 
the disease is endemic in a nim als and birds, and that, as suggested by Tenbroeck, 
Hurst and Traub (1935), the horse is not the primary reservoir of infection. It 
is of interest to inquire how an epidemic disease of the central nervous system can 
be spread by a blood-sucking insect. The answer appears to be that, after gaining 
access to the horse, the virus invades the blood stream and multiplies in the viscera. 
After this first pyrexial stage of the disease, the virus disappears from the blood 
stream and reaches the central nervous system — apparently by way of the cranial 
nerves. The horse is therefore infective for the mosquito during only a brief 
period. This is an additional reason for believing that the virus has its habitat 
in other animals. 

The cause of the western type of the disease was found by Meyer, Haring and 
Howitt (1931) to be a filtrable virus. A similar virus, differing from it immuno- 
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logically was later shown by Ten Broeck and Merrill (1933), Howitt (1935), Eecords 
and Vawter 1935) and Shahan and Giltner (1935) to be responsible for the eastern 
type. Both viruses are estimated to be about 20-35 m/^ in diameter (Bauer et al. 
1935, Tang et al. 1937), though Sharp and his colleagues (1943) give a figure of 
about 50 mfi. They can be grown readily in tissue culture and on the chorio- 
allantoic membrane of the developing chick embryo. They remain viable in 
50 per cent, glycerol in the ice-chest for a long time, but are readily destroyed 
by formalin. The eastern type is said to be more pathogenic than the western 
for guinea-pigs and rabbits, but both have a wide range of pathogenicity. The 
Argentine type of virus studied by Howitt (1935) appears to be identical with 
the western type, but the Venezuelan type, described by Beck and Wyckoff (1938) 
and Kubes and Eios (1939), is immunologically distinct. Howitt (1938^z) likewise 
found a Russian strain, labelled Moscow 2, to be immunologically distinct from 
the other viruses. The Russian virus, however, differs in important respects 
from the viruses of equine encephalomyelitis met with in the western hemisphere. 
It is much larger, having a diameter of 85-130 mja (Lazarus and Howitt 1937), 
and has not so far been grown in tissue culture or in the chick embryo. In both 
these respects it resembles the virus of Borna disease, from which it seems to be 
distinguished mainly by its antigenic structure and its greater invasive power 
for animals (Howitt 1938a). Since morphology must be one of the primary 
characters on which classification is based, it would seem wise to regard the Russian 
virus as allied to the Borna rather than to the American group of viruses. 

In protection against equine encephalomyelitis inoculation with a formolized 
chick embryo vaccine, using the technique of cultivation described by Higbie 
and Howitt (1935), appears to be hopeful (see Bichhorn and Wyckoff 1938, Bother- 
gill 19416). 

Encephalitis of Foxes. — This disease is endemic in certain parts of the United 
States, and at times assumes epidemic proportions. It is caused by a filtrable virus 
which invades the blood, probably through the respiratory mucosa, and may be 
demonstrated in various tissues. Clinically the disease is characterized by anorexia, 
hyperexcitability or lethargy, convulsions, paralysis, and not infrequently by 
death. Pathologically, hsemorrhages in the brain and cord and in the viscera 
constitute the most striking feature of the disease ; perivascular infiltration with 
round cells is common in the cerebral nervous system, and the meninges are 
usually involved. Characteristic intranuclear inclusion bodies are found in the 
ependymal and endothelial cells of the central nervous system. The disease 
can be reproduced by intramuscular, intranasal, or intracranial inoculation of young 
foxes with homogenized brain and spinal cord. Unlike the natural disease, which 
seldom has a case mortality exceeding 20 per cent., the experimental disease is 
fatal in about 70 per cent, of cases. Infection can also be transmitted to dogs, 
though with some irregularity. (For an account of the disease see Green et al, 
1930, 1931, 1933, 1934, 1936, Green 1931, 1936, Green and SMliinger 1934.) 

Encephalomyelitis of Mice. — This disease has been described by Theiler (1937) 
in the United States, Gildemeister and Ahlfeld (1938) in Germany, and Iguchi 
(1939) in Japan. It is characterized by flaccid paralysis of the limbs and some- 
times convulsions. Infection can be transmitted by intracerebral, intranasal 
and intraperitoneal inoculation. After intracerebral inoculation of mice there is 
an incubation period of 5-30 days. Flaccid paralysis then develops, usually 
affecting the fore limbs first, but being more severe in the hind limbs. Death 
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usually follows 5-10 days after tlie onset of paralysis, but some animals survive 
and. remain carriers for a time. Paralysed and carrier mice me resistant to a 
second intracerebral inoculation. There is evidence tlnit immunity depends on 
the presence of neutralizing antibodies in the blood scrum. Histologically, peri- 
vascular cellular infiltration is found throughout the central nervous system; 
there is acute necrosis of the ganglion cells, particularly in tlie anterior horn, 
followed by neuronophagia. No inclusion bodies appear to have been demon- 
strated yet. 

The virus is one of the smallest known--9 to 13 m/i— resembling in this respect 
the virus of poliomyelitis. It is readily destroyed at temperatures above 50° C., 
and by 20 per cent, alcohol, but is resistant to ether and to 50 per cent, glycerol 
(Theiler and Gard 1940), It is non-pathogenic for rhesus monkeys and for rabbits. 
Infection seems to be widespread in colonies of mice, though only a small pro- 
portion of animals develop the characteristic disease. According to Gard (1944), 
infection may perhaps be activated by organisms of the Salmonella and other 
groups that give rise to enteritis. By the time they are 4 weeks old nearly every 
mouse in a colony in which the disease is endemic appears to be infected. The 
virus is present in the mucosa of the stomach and intestine, the mesenteric lymph 
nodes and the faeces of young mice, but can no longer be found after the animals 
reach the age of 6 months. By this time immunity has been acquired (see Olitsky 
19396, 1940, Theiler and Gard 1940). 

Infectious Encephalomyelitis of Chickens. — This disease, which is sometimes 
referred to under the name of ‘‘ epidemic tremor of chickens,” was reported by 
Jones (1934) in New England. It is characterized by tremor, most noticeable 
in the head and neck, and progressive ataxia, either or both of which may be 
present in a single bird. Young chickens are mainly attacked, the usual age of 
onset being about 3 weeks. In commercial flocks the morbidity ranges from 
5 to 50 per cent. In severe outbreaks about half the chicks may die ; death is 
due to inanition caused by the progressive ataxia. Histologically, focal collections 
of glia cells, perivascular infiltration, and degeneration of nerve cells, especially 
of the Purkinje cells in the cerebellum, are found in the central nervous system. 
No inclusion bodies have yet been demonstrated. The disease can be reproduced 
in young chicks by intracerebral inoculation of brain and cord from affected birds. 
The incubation period of the experimental disease is usually 2-4 weeks ; death 
follows about a week after the onset of symptoms (van Eoekel et al. 1938). The 
infective agent is probably fairly large, since it can pass through a Berkefeld N 
but not a W filter. According to Olitsky (1939a), birds that recover from the 
disease are immune, and neutralizing antibodies can be found in their blood serum. 

Meningo-encephalitis of Rabbits. — Though this is not a virus disease, it may 
be conveniently considered here, since it is of considerable laboratory importance 
and has in the past caused much confusion, especially in work on encephalitis 
lethargica. In 1922 Oliver described a spontaneous chronic meningo-encephalitis 
affecting 20 per cent, of her normal stock rabbits. Similar lesions in a few animals 
had been observed a few years previously by Bull (1917), while working on strepto- 
cocci isolated from poliomyelitis. In this country the disease was described 
independently by Twort (1922) and Twort and Archer (1923), who likewise met 
with it while investigating a different problem. McCartney (1924a) found that 
55 per cent, of the stock rabbits at the Rockefeller Institute in New York were 
infected. 
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The disease may occur in epizootics ; symptoms are usually absent. Histologically, 
in the brain there are infiltrations with lymphocytes and plasma cells, occurring around 
the vessels, in the meninges, and in the cerebral substance itself, where the cells may form 
local aggregations or be widely diffused. In 15 per cent, of the rabbits there are, in addition, 
focal areas of necrosis, consisting of a necrotic centre surrounded by epithelioid cells, around 
which is a layer of mononuclear cells. In the centre of these necrotic lesions, there may 
be rounded or oval cyst- like foodies, containing numbers of small spherical, spindle- or 
pear-shaped particles, similar to those described by Levaditi under the name of Encephalito- 
zoon cuniouli. These bodies generally consist of a thin structureless membrane, and a 
protoplasmic mass with regularly distributed chromatin particles ; on careful examination, 
it is found that the protoplasmic mass really consists of small spindle- or pear-shaped 
portions, each of which is provided with a particle of chromatin. This parasite appears 
to be a microsporidium belonging to the Sporozoa ; it has been found both in the brain 
and in the kidney lesions that occur in the disease. Under natural conditions this spon- 
taneous meningo-encephalitis is spread by cage infection ; experimentally it can be trans- 
mitted by inoculation of nervous substance and the sedimented urine of infected animals. 
The parasite was described by Wright and Craighead in 1922, before Oliver had drawn 
attention to the spontaneous disease to which it gives rise. Cowdry and Nicholson ( 1924) 
have found a similar parasite in spontaneous encephalitis of mice (see also Pette 1928). 

A similar disease has been reported by Markham (1937) in guinea-pigs. 

Louping-ill. — This disease is an encephalomyelitis of sheep characterized by 
cerebellar ataxia. The word louping ” is derived from an old Norse word meaning 
leap,’* and refers to the peculiar gait of the animals which spring up and down 
when moving forwards. The disease seems to be limited to the border counties 
of England and Scotland and to the Western Highlands. It occurs in early spring, 
and is ccmmonest on farms where there is rough hill grazing (Pool 1934). It has 
been studied mainly by workers in Scotland, who have shown (1) that the disease 
is caused by a virus which invades the blood stream and sometimes, but by no means 
always, affects the nervous system ; (2) that infection is carried by the tick Ixodes 
ricinus L., which is habitually present on louping-ill pastures ; (3) that infection 
can be transmitted by intracerebral inoculation to sheep, pigs, and mice ; (4) that 
the disease is often abortive ; (5) that recovery from the overt, abortive, or latent 
disease is followed by a substantial degree of immunity ; (6) that some protection 
can be afforded by the use of formolized vaccine inoculated subcutaneously ; 
(7) that destruction of the Purkinje cells in the cerebellum is one of the character- 
istic pathological lesions of the disease ; and (8) that an entirely different disease 
— tick-borne fever—snspected to be of rickettsial origin, sometimes co-existed 
with louping-ill and increased its severity (see Pool et at 1930, Alston and Gibson 
1931, Brownlee and Wilson 1932, Gordon et at 1932, MacLeod and Gordon 1932, 
Gordon 1934). The disease may also be transmitted to monkeys (Hurst 193 la) 
and to field voles (Findlay and Elton 1933). Both mice and monkeys can be 
infected by intranasal as well as by intracerebral inoculation (Elford and Galloway 
1933a, Galloway and Perdrau 1935). The virus can apparently reach the central 
nervous system from the nose without entering the blood stream. Eivers and 
Schwentker (1934) appear to have observed the disease in laboratory workers. 
Clinically the picture was that of an influenza accompanied by encephalitis. 
Eecovery occurred, and neutralizing bodies were demonstrated in the patients’ 
sera. The virus, however, was not isolated. According to Elford and Galloway 
(1933a), the causative virus is about 15-20 m/^ in diameter. Even after 40 mouse 
passages, it still remained infective for sheep. 
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FOLIOMYELITIS 

Poliomyelitis is principally a disease of young children, which occurs sporadically 
and epidemically. In the northern hemisphere epidemics are commonest in the late 
summer and early autumn months, the maximum incidence of the disease being 
reached in August or September. During the present ceiTtiiry the United States 
of America has experienced three major outbreaks— in 1916, 1931 and 1943. Tlie 
disease resembles cerebrospinal meningitis in attacking only a small pro])ortion 
of the population ; though, as in meningitis, there is reason to believe that infection 
of a considerable proportion of the population occurs without giving rise to clinical 
evidence of disease. The case mortality of the declared disease is usually about 
10-15 per cent., but it may reach a figure of even 40 per cent. The proportion 
of cases that show residual paralysis is difficult to estimate, because there is an 
increasing tendency among clinicians to diagnose the disease in the pre-paralytic 
stage. In this way a considerable number of abortive cases are included that 
do not develop paralysis at all. Probably not more than about 15-40 per cent, 
of the total cases show residual paralysis, and in many of these partial or even 
complete restoration of function ultimately occurs. Males are affected more often 
than females. 

In the past poliomyelitis has been largely a disease of infancy and early child- 
hood, but of late years the older age groups have been progressively more and 
more affected (see Burnet 1940). Thus, in the Danish outbreak of 1934 no fewer 
than 33*2 per cent, of the cases were in persons aged 15 years or more (Jensen 
1935). The incubation period is not known with certainty, but is believed to be 
about 7-14 days. Multiple cases in families are uncommon, and when they do 
occur are usually more or less simultaneous (Aycock 1941). The disease has 
been increasing in prevalence during the past 40 years or so ; and, though this 
country has suffered but little, severe epidemics have occurred in other parts of 
Europe and in North America. The incidence diminishes as tlie tropics are 
approached. 

The distribution of the cases in an epidemic is irregular. Wickman (1907), who 
investigated the big Swedish epidemic, found that the disease spread along the 
lines of communication, railways, roads, and so on. He brought evidence to show 
that infection was spread by carriers and by cases. Since it has been found that 
perfectly healthy persons may carry infection, and that patients may be infective 
in the incubation period, as well as for a week or two after the commencement of 
the disease, it is obvious that the prevention of infection by the isolation of cases 
or quarantining of contacts is not likely to be successful. The disease rarely 
becomes epidemic in schools or institutions, but it may attack a rural community 
in a characteristically epidemic form. Thus in the little village of Stokes Rivers, 
in Devonshire, 45 persons were attacked out of a total population of 119. 

Mode and Route of Infection, — The mode of infection is still obscure. There 
is a mass of evidence pointing in different directions — one to the respiratory, the 
other to the alimentary route. 

Largely under the influence of Blexner, who studied the experimental disease in rhesus 
monkeys, the prevailing belief for many years was that infection was carried by naso- 
pharyngeal droplets ; that the virus invaded the terminal processes of the olfactory 
nerves ^the so-caUed olfactory hairs ; and that it spread along the axis cylinders to the 
brain, and thence to the anterior horn cells of the cord, where the chief lesions are produced. 
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Tke evidence in favour of tke intraneural passage of the virus from the periphery to the 
centre is strong (Fairbrother and Hurst 1930, Hurst 1930, 1936, Faber and Gebhardt 
1933, Leake 1935, Bodian and Howe 1941a, h ) ; but the evidence in favour of nasal infection 
in human beings is much less convincing. It is true that the virus has been demonstrated 
occasionally in the nasopharynx of patients suffering from the typical and from the abortive 
form of the disease, and occasionally of healthy carriers ; but observations on human 
beings who have died of the disease suggest that the olfactory bulbs are infected in only 
about 10 per cent, of cases (Burnet 1940, Kessel et al. 1941), or even less (see Howe and 
Bodian 19416). On the other hand, the virus is frequently present in the pharyngeal 
tissues, the intestinal contents, and the stools, particularly of children (see Kling, Pettersson 
and Wernstedt 1912, Sawyer 1915, Trask, Vignec and Paul 1938, Trask, Paul and Vigneo 
1940, Trask and Paul 1941, Sabin and Ward 1941, Kessel et al. 1941, Langmuir 1942) 
It appears to be far commoner in the intestinal contents than in nasal washings, sug- 
gesting that multiplication may occur in the alimentary tract itself. Kessel and his 
colleagues (1941), for example, isolated the virus from the stools of 20 per cent, of patients, 
but not once from 139 nasal washings. Sabin and Ward (1941), who record similar findings, 
failed also to show the presence of the virus in the saliva. The virus can be demonstrated 
in the fseces, not only of patients, but of contacts during an outbreak. Thus, Langmuir 
(1942) found it in the fseces of 4 out of 5 cases and of 20 out of 27 intimate contacts. The 
studies of Pearson and his colleagues (Pearson and Rendtorff 1945, Pearson et al. 1945) 
seem to show that the virus is restricted very largely to oases and close contacts. Thus, 
during an epidemic at Forth Worth, Texas, in 1943 the virus was demonstrated in the 
stools in 6 out of 8 households containing 27 familial contacts, in 8 out of 45 households 
containing 80 non-familial contacts, and in only 2 out of 127 households containing 
374 non-contacts. Similarly, Kessel and Moore (1945), who examined tonsils and 
stools from non- contacts during an inter-epidemic period, isolated the virus from 
only 5 out of 136 persons studied. It is present in the spinal cord in fatal cases, but is 
never found in the blood, the cerebrospinal fluid, or the urine. 

The interpretation of these findings is difficult. We must try to relate them to 
the epidemiological picture. The evidence pointing to the alimentary route of infec- 
tion is briefly that the disease occurs in the summer and early autumn months ; 
that the virus appears to be commoner in the alimentary tract than in the nose ; 
that it may persist for a long time in convalescent and healthy carriers (see Trask 
and Paul 1941) ; that it is often present in sewage (Paul, Trask and Gard 1940, 
Paul and Trask 1941, 1942) ; and that it has been isolated from flies (Trask, Paul 
and Melnick 1943). In addition, cynomolgus, but not rhesus^ monkeys can be 
infected by feeding ; outbreaks of milk-borne infection have been described (see 
Aycock 1941) ; and several cases of the disease have been reported after tonsil- 
lectomy, though nearly always of the uncommon bulbar form. On the other 
hand, the disease does not behave epidemiologically like a water-borne disease 
(see Maxcy 1943) ; and mi lk-borne infections are not uncommon in diseases, such 
as scarlet fever and diphtheria, that are normally transmitted by droplets. The 
natunal spread of infection in an epidemic is far more like that of a respiratory 
infection, such as cerebrospinal meningitis, though the seasonal incidence is different. 
Burnet (1940) points out that in the Victorian outbreak of 1937-38 there was 
clear evidence of the spread of infection by patients — especially abortive cases — 
and that the only likely mode of transference was by droplet infection. He showed 
that cynomolgm monkeys could be infected by simple swabbing of the pharyngeal 
mucosa with infected material (see also Faber, Silverberg and Bong 1944). He 
concludes that under natural epidemic conditions infection usually occurs by 
inhalation or ingestion of contaminated saliva from- an infected child, and that 
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tlie virus gains access to tlie brain by tbe cranial nerves supplying tlie pliaryiigeal 
mucosa. Sabin (1941), influenced more by tbe frequent presence of tbe virus in 
tbe fcoces and by bis failure to find it in tbe saliva, believes that tlie virus mulu- 
plies in tbe walls of tbe pharynx and small gut and invades tbe medulla or spinal 
cord by tbe cranial nerves or by tbe sympatbetic and parasympathetic nervous 
systems. Bedson (1943) likewise favours tbe alimentary route of infection. 

It is impossible to come to any final conclusion on the usual mode of in lection of 
human beings. On tbe whole, the evidence points towards tbe tousillo-])baryngeal 
mucosa as being one of tbe commonest sites of invasion, and to infection being 
generally air-borne rather than food-borne ; but whether tbe infective air-borne 
material consists of infected droplets expelled from tbe nose and mouth or of 
dust contaminated by faeces is still open to question. Insect-borne infection, 
which has been suggested, is improbable, mainly because the virus has never 
been demonstrated in tbe blood stream, though flies might, of course, become, 
contaminated from ffeces and sewage. 

Transmission to Animals. — ^Poliomyelitis is readily transmissible to monkeys. 
Other animals, with tbe exception of tbe cotton rat and tbe white mouse, which 
may be infected by specially adapted strains, are insusceptible. 

Landsteiner and Popper (1909) were tbe first to transmit tbe disease to monkeys ; 
they injected tbe spinal cord from two fatal cases intraperitoncally into two monkeys. 
One animal became paralysed in tbe lower extremities, and died on tbe Otb day 
after inoculation ; tbe other was killed on tbe 1 9tb day. At nccro]>sy, lesions of 
tbe spinal cord, similar to those in man, were found in both monkeys. Ijatcr in 
tbe same year, Flexner and Lewis (1910), using cords from two human cases, 
succeeded in infecting monkeys {Macacus rhesus) by intracerebral, subcutaneous, 
intraperitoneal, intravenous, intrathecal and intraneural inoculation ; intratracheal 
inoculation and feeding proved unsuccessful. They were able, in addition, to 
carry over tbe disease from monkey to monkey by subdural injection of cord 
suspensions. Flexner and Lewis showed that tbe disease could be produced, not 
only by crude cord suspensions, but also by Berkefeld filtrates of tbe.se suspensions, 
and by filtrates of nasopharyngeal washings. Intranasal instillation is also suc- 
cessful (see Flexner 1935), and with some strains intraciifca neons inoculation (Trask 
and Paul 1936). 

Tbe disease in monkeys is similar to that in human beings. After intracerebral inocula- 
tion, there is an incubation period of about 6 to 10 days. During tbe prodromal period 
tbe monkey becomes excitable, tbe fur is ruffled, there is a bigb-pitebed staccato cry, 
and tbe animal easily becomes tired. Within a few hours ataxia develops, accompanied 
by tremor of tbe arms, legs or bead. Tbe ataxia rapidly merges into a flaccid paralysis, 
which extends to practically all the muscles of tbe body except those of tbe tail, jaws 
and diaphragm. Tbe temperature drops to subnormal, tbe animal becomes weaker, and 
dies within 3 days after becoming prostrate (Amoss 1928). At necropsy, tbe lesions are 
smiilar to those in human beings, and may be briefly summarized as follows : (1) Tbe 
lesions are cMefiy in the grey matter of tbe cord ; the brain is only slightly ajffeeted. 
(2) There is a marked perivascular sheath infiltration, and a more diffuse infiltration of 
tbe grey matter of tbe cord ; tbe cells consist chiefly of lymphocytes, with a fair proportion 
of polymorphs and a small number of large cells with clear nuclei ; plasma cells and lympho- 
blasts are rare. (3) There is marked degeneration of the ganglion cells of the grey matter ; 
all stages of cellular degeneration, from a slight chromatolysis to complete neuronophagia 
can be aeen. (4) Hemorrhages are usually present in the grey matter of the cord (McIntosh 
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ind Scarif 1928, Hurst 1929). Characteristic intranuclear inclusion bodies have been 
iescribed in the nerve cells of fatal human cases, though in monkeys they are less easy 
bo demonstrate owing to the very rapid necrosis that these cells undergo (Hurst 19316). 

Though Flexner, using M. rhesus monkeys, was unable to set up the disease by feeding, 
HHng, Levaditi and Hornus (1934) showed that M, cynomolgus monkeys were susceptible. 
The results of these workers were confirmed by Lepine and Sedallian (1939) and Vignec, 
Paul and Trask (1939). Chimpanzees can likewise be infected by the mouth, even after 
bilaterai section of the olfactory tract (Howe and Bodian 1941a). Aisenberg and Grubb 
(1943) record the successful production of poliomyelitis in rhesus monkeys by instillation 
of infective material into the pulp canal of three anterior teeth. The cavities were immedi- 
ately sealed to prevent escape of the virus. After 8 days ail four legs were paralysed. 
At post mortem, lesions were found in the Gasserian ganglions, suggestive of a direct 
nervous spread to the brain. 

Armstrong (1939) showed that the Lansing strain of poliomyelitis virus, which had 
been passed through monkeys, coxild be transmitted by intracerebral inoculation to cotton 
rats (Sigmodon hispidus Mspidus) ; and Jungeblut and Sanders (1940) showed that, after 
becoming adapted to the cotton rat, the strain could be passed on to tvhite mice. The 
incubation period in cotton rats is 3-8 days, in white mice 2-10 days. Paralysis of one 
or more legs is first observed and death occurs from respiratory failure in 24-48 hours. 
Recovery is uncommon (Armstrong 1941). 

Properties of the Virus. — Flexner and Noguchi (1913) described the cultivation 
of minute globoid bodies, 0-15-0 -3/^ in diameter, in an ascitic fluid rabbit kidney 
medium, and brought evidence to show that these bodies constituted the causative 
agent of the disease. The balance of evidence, however, is definitely against this 
conclusion (see Fairbrother 1929). More recent work has shown that the virus is 
probably much smaller — 12-17 mpi according to Theiler and Bauer (1934), 8-12 
(Elford et al. 1935). It has proved very difficult to grow in culture. Sabin and 
Olitsky (1936), however, appear to have been successful in cultivating it in the 
presence of nervous tissue removed from human embryos. It is very susceptible 
to heat, being destroyed in 30 minutes by exposure to a temperature of 45°-50° C. 
It is killed rapidly by ultra-violet light (Jungeblut 1937). On the other hand, 
it is resistant to freezing, dr}dng, X-rays, sonic vibration, and numerous proto- 
plasmic poisons (see Jungeblut 1937). It survives in water for a month in the 
light and 3-4 months in the dark. It remains active in faeces at ice-box tempera- 
ture for several months, but dies out in a few days in sewage. It withstands 
1 per cent, phenol and 15 per cent, ether for several months at 0® C. (Paul, Trask 
and Gard 1940, Paul and Trask 1942). In 50 per cent, glycerol it can be preserved 
for 4 to 6 years (Amoss 1928). Little is yet known about its antigenic structure, 
but cross-neutralization tests carried out with the sera of convalescent human 
beings and monkeys show that several immunologically distinct types of virus 
exist. The serum of monkeys convalescent from infection with one type may 
fail to protect against infection with another, and convalescent monkeys immune 
to re-inoculation with the homologous type can be re-infected with a heterologous 
type (see Burnet and Macnamara 1931, Southby and McKie 1933, Paul and Trask 
1933, Trask et al, 1937, Burnet and Keogh 1938, Kessel et ah 1939, Stimpert and 
Kessel 1939). 

Immunity. — In man second attacks of poliomyelitis are rare, but they do occur. 
Monkeys can often be re-infected successfully, with either the homologous or a 
heterologous strain (Flexner 1937). Active immunization of monkeys against 
intracerebral inoculation is possible by repeated intracutaneous inoculation with 
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living viius, but complete protection is not easy to obtain (Aycock and Kagan 
1927, Stewart and Rboads 1929). Tbe serum of convalescent patients and nionkeys, 
and of actively immunized monkeys, frequently but not always, contains sub- 
stances capable of inactivating the virus in vitro. Observations have shown 
that neutralizing bodies are often present in the serum of persons who have never 
suffered from the clinical disease or been in known contact with infection. The 
test for these bodies is usually made by mixing the serum with a virus suspension, 
incubating at 37° C. for 2 hours and keeping in the ice-chest overnight, and inject- 
ing the mixture intracerebrally into rhesus monkeys (Aycock and Kramer 1930). 
Excluding new-born infants, whose blood often contains temporary antibodies, 
it is found that neutralizing bodies in the serum increase in frequency with age. 
In urban districts approximately 75 per cent, of children contain them by the 
age of 15 years. Most workers have concluded that these bodies represent specific 
antibodies resulting from latent infection and immunization. This view neces- 
sitates the belief that poliomyelitis infection is much more widespread than has 
hitherto been believed. The difficulty of accepting such a conclusion has led 
various workers, notably Jungeblut and his colleagues (Jungeblut 1933, Junge- 
blut and Engle 1933, 1934:), fco suppose that these antibodies are developed as 
part of the normal physiological maturation of the individual and do not neces- 
sarily denote previous exposure to infection. More assumptions appear to be 
entailed in this view than in supposing that active immunization is responsible. 
We do not wish, however, to discuss this question here, since reference has already 
been made to it in Chapter 49. Until we are in a better position to interpret the 
significance of the presence of neutralizing bodies in the serum, we shall be wise to 
refrain from drawing too far-reaching conclusions on the epidemiology of the disease. 

It may be mentioned that there are no satisfactory serological or skin tests 
to help in the diagnosis of the disease. Cell changes in the cerebrospinal fluid 
are often detectable, but the virus itself can never be demonstrated in the fluid. 

Prophylaxis, Vaccination and Serum Treatment. — our views on the frequency of 
latent infection are correct, it is clear that the detection and removal of carriers are 
as little likely to be successful in preventing poliomyelitis as they are in preventing 
cerebrospinal meningitis. There is, however, evidence to suggest that infection 
is restricted mainly to cases and close contacts, so that control measures over 
such persons may be worth taking (Pearson and Rendtorff 1945, Pearson et al. 
1945). General protective measures must follow those common to all droplet- 
borne respiratory infections. During an outbreak overcrowding should be avoided, 
ventilation should be increased, and children should spend as much time in the 
open air as possible. Operations on the nose and throat should be postponed, 
unless urgent. Cases and close contacts should be segregated for at least 3 weeks. 
Children in an infected house should be kept away from school for the same length 
of time. The advantage of closing residential schools is doubtful ; and the balance 
of opinion is against it. 

Great hopes were raised by the work of Armstrong and Harrison (1935, 1936) on the 
chemoprophylaxis of the disease. These workers brought evidence to suggest that the 
application to the nasal mucosa of a 2-4 per cent, solution of alum, or better of a 0-32-0-64 
per cent, solution of picric acid, was capable of increasing the local resistance of monkeys 
to intranasal infection with the virus. Schultz and Gebhardt (1937) found that a 0*5 per 
cent, solution of zinc sulphate was even more effective. Field trials, however, on human 
beings in the United States and Canada have been disappointing (see Armstrong 1937, 
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Tisdall et al. 1937, Schultz and Cebiiardt 1942). Not only have these agents no apparent 
prophylactic effect, but they may do considerable local damage by causing extensive 
coagulation necrosis of the olfactory epithchum. Moreover, since there is serious doubt as 
to whether infection in man occurs by the nose, the rationale of this form of prophylaxis 
rests on very slender grounds. The method has now been generally abandoned. 

Attempts to vaccinate monkeys, and later children, against the disease have 
been numerous of late years, though it seems clear that mass immunization would 
be practicable only under quite exceptional conditions. Kolmer and his colleagues 
(Kolmer and Kule 1934a, 6, Kolmer 1935, Kolmer et al. 1935) have used a 4 per 
cent, suspension of infected monkey cord in 1 per cent, sodium ricinoleate. The - 
virus, though living, is said to be attenuated. Brodie (19346) and Brodie and Park 
(1935), on the other hand, recommend a vaccine in which the virus has been in- 
activated by exposure to 0-1 per cent, formol at 37° C. for 8-12 hours. Both of 
these vaccines have been tried on a small scale in the United States. The demon- 
stration, however, by Olitsky and Cox (1936) that Kolmer’s vaccine may occasionally 
give rise to poliomyelitis in monkeys, and the even more serious development of 
poliomyelitis in children, occurring apparently as the result of prophylactic vaccina- 
tion (Leake 1935), have led to the discontinuance of these vaccines. 

As has already been pointed out, Che blood serum of convalescent human 
patients often contains immune bodies capable of neutralizing the virus. During 
an epidemic, serum from such convalescent patients may be injected prophylactically 
into young children who have been exposed to infection, in a dose of 10 ml. sub- 
cutaneously, the injection being repeated in a month if the epidemic persists. 
Serum from human convalescents may likewise be used for treatment. According 
to Aycock and Luther (1928), it should be given in the pre-paralytic stage of the 
disease. By giving intravenous and intraspinal injections of serum during this 
stage, they obtained evidence that the incidence and severity of the subsequent 
paralysis was decreased in comparison with untreated patients (Aycock et al. 1929). 
Further experience, however, of serum treatment, even in the pre-paralytic stage 
of the disease, has yielded disappointing results. Park (1932) collected figures 
referring to the treatment of 439 patients in the pre-paralytic stage of the disease 
with serum. The serum was given subcutaneously, intramuscularly, intravenously, 
intraspinally, or by two or more of these routes in combination. The total dosage 
amounted to 25-100 ml. The results, which are ^iven in Table 190, failed to 

TABLE 190 


Showing the Condition of Treated and Untreated Cases of Poliomyelitis at the end 
OF Three Weeks (After Park 1932). 





1 

No. of Cases. 

Died. 

Per cent. 

Paralysis. 

Per cent. 

Weakness. 
Per cent. 

No Paralysis 
or Weakness. 
Per cent. 

Treated . 



519 i 

3-8 

1 19-6 

7*7 

68*8 

Controls . 



408 

0*9 

' 11*0 

14*2 

73*7 


show any advantage, as regards the development of paralysis, of the serum- 
treated over the control patients. Somewhat similar results are recorded by 
Fischer (1934), who compared 477 serum-treated patients in the pre-paralytic stage 
with 102 controls. Both as regards case mortality and the degree of paralysis the 
control group showed some slight, though probably insignificant, advantage over 
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tlie serum-treated patients (see also Schultz and Gebiiardfc 1935, Jensen 1935, 
Eagles ei at. 1937, Avcock 1941). 

On general grounds it seems very improbable that serum would exercise any 
beneficial effect. The virus is never found in the blood, and circulating antibodies 
are incapable of reaching it in its intraneural situation (see Perdrau 1938, Faber 
1941). Mixed m vitro with the virus, neutralizing antibodies are effective, but 
not if injected separately into the infected animal (Armstrong 1941). These 
considerations are supported by Burnet’s (1940) finding that tlie neutralizing 
antibody level may be unaffected by passage of a patient through a clinical attack 
^of the disease, and that persons who develop the disease often have relatively 
large amounts of circulating antibody at the time of their illness ; and by Howe 
and Bodian’s (1945) observation that the administration of homologous hyper- 
immune serum to chimpanzees before alimentary infection has apparently no effect, 
as judged by comparison with control animals, on the development or severity 
of the disease. The apparently beneficial effect of serum that has occasionally 
been reported in field trials would appear to be due in large part, if not wholly, 
to the inclusion in the treated group of mild, non-paralytic cases that are not 
ordinarily reported. ^ 

IiTPECTious Paralysis of Guinea-pigs 

This disease occurs sporadically in guinea-pigs, and closely resembles poliomye- 
litis. According to Eomer (1911), who first described it, it can be transmitted to 
normal guinea-pigs by the intracerebral inoculation of filtered or unfiltered brain 
or cord suspensions. After an incubation period of 9 to 22 days, the animals 
become febrile and lose weight ; nervous disturbances develop, consisting of a 
gradually increasing muscular weakness, particularly of the hinder parts of the 
body ; paralysis of the hind legs develops, and occasionally of the bladder. The 
disease lasts from 3 days to 3 weeks. Pathologically, the lesions are those of a 
disseminated meningo-myeloencephalitis. They differ from those of poliomyelitis 
in showing greater meningeal infiltration, and in being most severe around the 
central canal of the cord. The virus is constantly present in the central nervous 
system ; it is also found in the pre vertebral, inguinal, and mesenteric lymph glands, 
and occasionally in the liver and spleen. 


BENIGN LYMPHOCYTIC CHOEIOMENINGITIS. 
PSBUBO^LYMPHOCYTIC CHORIOMENINGITIS, 
SWINEHERDS^ DISEASE 

These three diseases may be considered together. In 1925 Wallgren coined 
the term acute aseptic meningitis ” to comprise cases of an acute febrile disease, 
accompanied by meningeal irritation and sometimes by inflammation of the upper 
respiratory tract, terminating favourably within 10-14 days. Since then, three 
different viruses capable of giving rise to a benign aseptic meningitis have been 
described : (1) the virus of benign lymphocytic choriomeningitis, which has been 
found mainly in the United States ; (2) the virus of pseudo-lymphocytic chorio- 
meningitis, which has been isolated on only two occasions — both in this country ; 
and (3) the virus of swineherds’ disease, which, so far, appears to be confined to 
France, Switzerland and Italy. These three viruses account for about one-third 
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of the cases of acute aseptic meningitis ; the setiology of the remainder is unknown 
(Eeport 1942). 

Benign Lymphocytic Choriomeningitis. 

Armstrong and Lillie (1934), while investigating a fatal case of St. Louis 
encephalitis, isolated a virus, quite different from the ordinary St. Louis virus, 
which gave rise in experimentally inoculated monkeys and niice to a lympho- 
cytic choriomeningitis. An apparently identical virus was isolated by Scott and 
Rivers (1936) (see also Rivers and Scott 1936) from two benign cases of non-bacterial 
lymphocytic meningitis in adult males in the United States, and by Eindlay, Alcock, 
and Stern (1936) in this country from the cerebrospinal fluid of two patients who 
exhibited vague nervous symptoms following a febrile attack. A similar or identical 
virus was isolated by Findlay and his colleagues from an irradiated mouse showing 
nervous phenomena, Traub (1936(2, h, 1938, 1939) established the existence of 
an endemic infection with the same virus in a colony of normal mice, and showed 
that infection occurred either in uiero or shortly after birth. 

In man, the disease is uncommon during the first decade. Males and females 
are equally affected. Most cases occur in the winter and spring (see Blackfan 
1941). The incidence is not known, but judged by the finding of neutralizing 
antibodies in the blood serum of patients who have recovered from catarrhal 
infections of the upper respiratory tract without meningeal symptoms, and of 
apparently normal persons, the infection would appear, in the United States at 
least, to be fairly widespread (see Armstrong and Wooley 1937, Wooley et al. 1939). 

A history of an infiuenza-like attack, followed in ten days or so by meningeal 
symptoms, is suggestive of the disease. Though the virus has been demonstrated 
once in the human nasopharynx by MacCallum and Findlay (1939), it is by no 
means certain that infection is spread by droplets. On the whole, the evidence 
suggests that man becomes infected from grey mice (Mus musculus), which are 
known to excrete the virus in the urine, fajces, semen, and nasal secretions (see 
Traum 19366, Armstrong and Sweet 1939, Armstrong et al. 1940). A few laboratory 
infections have been reported. 

The disease can be transmitted to mice, guinea-pigs, monkeys, and human 
beings. 

Five to twelve days after intracerebral inoculation mice become ill, develop tremors 
of the limbs, and die in 1-2 days with spastic convulsions of the hind legs. Inoculated 
subcutaneously or intraperitoneaUy they develop an inapparent infection followed by 
immunity (Ronse 1937). Ouinea-pigs develop a febrile reaction after intracerebral, 
intranasal, or subcutaneous inoculation, lose weight, and often die, though not before 
the 12th day. Meningitis is uncommon, but pneumonia may occur. The spleen and 
suprarenal glands are said to be most heavily infected, the liver and lungs less so (Mendoza 
1937). According to Shwartzman (1944) the virus, in mice and guinea-pigs, is said to 
be associated with the red blood corpuscles. In monkeys^ the virus has been shown to 
be widely disseminated throughout the tissues; pathologically, areas of lymphocytic 
infiltration are found in most of the organs (Armstrong et al. 1936, Lillie 1936). Not all 
strains are pathogenic for guinea-pigs. The same applies to rats. Rabbits and pigs 
are insusceptible. Lupine, MoUaret and Kreis (1937) have described the effect of inocu- 
lating human heings. The subcutaneous injection of 2 ml. of virulent mouse brain was 
followed in 36-72 hours by a benign and almost symptomless fever of an undulating type 
lasting up to 3 weeks. Two or three waves occurred, separated by apyrexial intervals. 
In about half the patients the last wave of the fever was accompanied by a meningeal 
reaction, starting abruptly and characterized by headache, sometimes vomiting, and by 
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contractures with a positive Kemig sign. The symptoms began to disappear in 2-3 
days. 

The Yirus seems to be about 37—60 m/x in diameter (Scott and El ford 1939). 
It has been cultivated successfully on the cborio-allantoic membrane of the develop- 
ing chick embryo (Bengtson and Wooley 1936), and in a simple minced chick 
embryo serum medium (MacCallum and Findlay 1940). In 50 per cent, neutral 
glycerol phosphate solution at 0° C. it may remain alive for a few months, and 
also when dried in vacuo and kept at 0° C. in sealed am])Oules, but it dies rapidly 
under other conditions. A suspension kept at 20° 0. was found to be non-infective 
within 3 hours (Lepine, Sautter and Kreis 1937). A relatively heat-stable soluble 
antigen of protein nature can be demonstrated in the virus by precipitin and 
complement-fixation reactions (Smadel et al. 1939, 1940). It ap])ears to be different 
from the antigen that reacts with neutralizing antibodies in immune serum. 

Diagnosis. — The cerebrospinal fluid does not clot ; the sugar and chlorides 
remain normal ; and the fluid contains a considerable excess of lymphocytes. 
The virus may be demonstrated in the blood, or in the cerebrospinal fluid soon 
after the onset of meningeal symptoms, by inoculation intracerebrally into mice 
derived from a known non-infected stock, and its identity may be determined 
by neutralization with specific sera or by a specific complement-fixation reaction 
(Smadel and Wall 1941). Indirectly, the diagnosis may be assisted by the demon- 
stration of complement-fixing antibodies (see Casals and Palacios 1941) or of 
neutralizing antibodies (Armstrong and Wooley 1935, Wooley et al. 1937) in the 
patient’s serum. Antibodies appear to be somewhat variable in their appearance, 
and there is some evidence to suggest that complement-fixing antibodies appear 
rather earlier than neutralizing antibodies. 

Pseudo-lymphocytic Choriomeningitis. — Only two cases of this disease have so 
far been described. Clinically, they resembled benign lymphocytic choriomenin- 
gitis. MacCallum and his colleagues (1939) isolated a virus from the cerebrospinal 
fluid of each of the patients. It was considerably larger in size —150 to 225 mju — 
than the true choriomeningitis virus. It gave rise in mice, guinea-pigs, and rhesus 
monkeys to a clinical and pathological picture very similar to that of chorio- 
meningitis, except that in mice inoculated intracerebrally the incubation period 
was shorter—! to 5 days instead of 5 to 12 days — and the pathological lesions 
were less extensive. Judged by cross-immunity tests in mice, the two viruses 
appeared to be distinct. 

Swineherds’ Disease. — ^A disease affecting swineherds and occurring in Haute- 
Savoie, Switzerland, and Italy, was described in 1914 by Henri Bouchet under 
the name of pseudo-typhoid-meningitis. From the observations of Durand and 
his colleagues (1936, 1937, 1938) and of Campanacci (1939) there seems little doubt 
that the disease is due to a filtrable virus, and that infection occurs from pigs 
to man — ^possibly by the rubbing of infected faeces into the skin. After an incuba- 
tion period given variously as 2-4 weeks and 5-8 weeks, the disease begins with 
fever, headache, and severe muscular pains. Digestive troubles appear — foul 
breath, green vomit, abundant foetid diarrhoea, meteorism, and sometimes rectal 
hsemorrhage. After about four days of this preliminary typhoid state, the tern 
perature falls to normal, but in two days or so it rises again and meningeal symptoms 
appear. The cerebrospinal fluid is under considerable pressure and the lympho- 
cytes usually number several hundred per c.mm. After a further three or four 
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days the meningeal phase comes to an end and the fever falls by crisis or lysis. 
Conjunctivitis and a maculo-papular rash may be seen in some cases. The disease 
is practically never fatal, and leaves behind it a fairly solid immunity. The 
blood is infective during the first week, and the urine during the second week 
and early stage of convalescence. The infectivity of the cerebrospinal fluid is 
variable. The virus, which passes through an L2 candle, can be transmitted to 
swine, cats, ferrets, rats, mice, and guinea-pigs. Experimental inoculation of 
man is followed, after an incubation period of about 12 days, by a disease similar 
to, but on the whole milder than, the natural disease. In pigs, the natural disease 
is characterized by fever, digestive disturbances, salivation, stiffness of the neck, 
muscular spasms, circular movements, and often terror of food. The case mortality 
is very low. At post mortem punctiform haemorrhages are found in the intestine, 
renal pelvis, brain and throat. The disease may occur in epidemic form. Young 
pigs, 1-2 months of age, are chiefly affected. 


RABIES 

Eabies is a disease of animals affecting particularly dogs, cats and carnivorous 
wild animals ; herbivora are less frequently attacked. The disease is transmissible 
to human beings by the bites of rabid animals, notably dogs, cats, wolves, and 
jackals. The incubation period varies according to the age of the animal, the 
situation of the bite, and the severity and nature of the bite. Generally speaking, 
it varies in animals from 2 to 8 weeks, and in human beings from 6 to 8 weeks ; it 
tends to be shorter in young animals and children, and after severe lacerated or 
deep punctured wounds about the head, face or neck. The disease does not 
uniformly appear after infection ; according to Hutyra and Marek (1926), only 
30-40 per cent, of dogs bitten by rabid animals develop the disease. In human 
beings the proportion of persons bitten by rabid dogs who die of rabies or contract 
the disease is given by Cornwall (1923) as 35 per cent, and by Hull (1941) as 16 
per cent. The reasons for this are not clear ; it seems probable, however, that the 
body is able to withstand small doses of the virus, especially if the virus does not 
come into intimate contact with exposed nerves. Once the disease has developed, 
it is almost always fatal. 

Sometimes the rabies virus gives rise in human beings to an acute ascending 
myelitis. The first case of this type was recorded by Knutti (1929), who based his 
diagnosis on the presence of Hegri bodies in the ganglion cells of the spinal cord, and 
on the development of rabies in inoculated rabbits. A very remarkable outbreak 
of the disease was observed by Hurst and Pa wan (1931) in Trinidad. Besides the 
occurrence of ascending myelitis in human beings, a form of paralytic rabies, 
erroneously diagnosed as botulism, was also met with in cattle. Investigation 
failed to disclose any history of a bite by a rabid animal, but evidence was brought 
to show that both the human and the cattle disease was due to vampire bats which 
conveyed the disease by sucking the blood of their victims (see also Pa wan 1936). 
Further observations show that paralytic rabies is apparently widespread among 
animals in Brazil, where infection is carried by the vampire bat Desmodus rufus 
(de Verteuil and Urich 1936). On cattle ranches the disease may reach epidemic 
proportions (Molina 1938). In South Africa the dog appears to play a negligible 
r61e in the perpetuation of infection. The main carriers are wild carnivora of 
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tlie mongoose family, paiticularly the meercat Oynicth peniciUata (see Snyman 
1940). 

Animal Inoculation. — Babies is transmissible to animals by subdural, intra- 
cerebral, or intravenous inoculation ; subcutaneous and cutaneous inoculations are 
less regular in their results. Pasteur and his colleagues (1881) found that dogs, 
when inoculated into the subarachnoid space over the brain with a suspension of the 
brain of a rabid dog, developed rabies after an incubation period of 1 to 2 weeks, and 
died within 3 weeks. If the virus is inoculated subdurally into a rabbit, the incuba- 
tion period of the disease is about a fortnight ; but if the virus is passed in succession 
through a series of rabbits, the incubation period gradually falls, till after 20 to 25 
passages it is only 8 days, and after a further 20 to 25 passages it is only 7 days 
(Pasteur 1885) . The effect of passage is to convert the original ‘ ‘ street virus ’ ’ into a 
‘‘ fixed virus.” These two viruses differ in certain respects. Thus, according to 
Levaditi, Nicolau and Schoen (1924), the fixed virus has a greater affinity for the 
nervous system of the rabbit than the street virus ; allied with this increased neuro- 
tropism, is the failure of the fixed virus to give rise to Negri corpusdes. Inoculated 
on to the scarified skin of the rabbit, both viruses give rise to rabies ; but if they are 
injected subcutaneously, the street virus alone proves virulent. . It would appear 
that by passage through the rabbit’s brain, the fixed virus has acquired a strong 
neurotropic affinity, which.,enables it to give rise to rabies in 7 days after subdural 
injection, but which usually renders it avirulent on subcutaneous inoculation. 
The street virus, on the other hand, takes about 14 days to produce rabies on 
subdural inoculation, and usually proves virulent when introduced subcutaneously. 
Pixed viruses can likewise be produced by passage through guinea-pigs, dogs, 
hens, and monkeys (Pasteur et al, 1884). Both street viruses, and the fixed viruses 
derived from them, show considerable variability in their virulence for animals ; 
some rarely produce infection when inoculated subcutaneously, others always do 
so (Marie et al, 1927). Pasteur (Pasteur et al, 1884) found that by passage through 
the brain of monkeys, the virus diminished in virulence for dogs, though when 
passed through rabbits or guinea-pigs it uniformly increased in virulence. 

The virus is present in the saliva of rabid animals, and has sometimes been 
demonstrated in it 4 days before the onset of clinical symptoms. It is also found 
in the central nervous system, the peripheral nerves, and in the salivary glands, 
less regularly in the cerebrospinal fluid. Occasionally it may be demonstrated 
in the blood and the internal organs (Pasteur et al. 1884, Bemlingcr and Eailly 
1931, 1932). The virus passes along the nerves from the local injury, and reaches 
the central nervous system; this is shown by the fact that (1) the animal may 
live after resection of experimentally infected nerves ; (2) the resected nerves 
are themselves infective ; (3) the portion of the spinal cord in connection with 
the infected nerve becomes infective before other parts of the central nervous 
system (di Vestea and Zagari 1889, Marie et al 1927). According to Nicolau 
and Galloway (1928), the virus, when introduced into the brain, may spread centri- 
fugaUy, and be found in such nerves as the brachial and sciatic ; the passage 
of the virus along the nerves sets up an interstitial neuritis. It has been suggested 
that the salivary glands owe their infectivity to the presence in them of neurones, 
which may occur as single cells or as ganglionic aggregations, and which are 
situated just under the epithelium ; if the epithelium is abraded, the virus is set 
free from the neurones, and infects the saliva (Manou^lian and Viala 1927, 1928, 
for references see McKendrick 19286). 
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Properties of the Virus, — The rabies virus can pass through Berkefeld candles. 
Galloway and Elford (1936), from filtration experiments carried out with gradocol 
membranes on a strain of fixed virus, estimate its size as 100-150 mpL. This agrees 
with the value obtained for another strain of fixed virus by Yaoi, Kanazawa and 
Sato (1936). The virus can be grown in tissue cultures containing embryo brain 
and human or monkey serum (Kanazawa 1936, Webster and Clow 1937). It can 
also be cultivated on the chorio-allantoic membrane of the developing chick 
embryo, provided 5 or 6-day embryos are used (KHgler and Bernkopf 1941). 
Cultivated strains tend to lose their virulence fairly rapidly. According to San- 
karan, Iyengar and Beer (1934), the virus can be separated from infected rabbit 



Fig. 302. 

Negri corpuscles in Ammon’s horn. N == nucleus. N.C. = Negri’s corpuscle. 

(After Manouelian, and Manouelian and Viala.) 

brain by electrophoresis. It is not very resistant. It is destroyed by exposure 
to a temperature of 60° C. for 30 minutes. Slow drying' gradually renders it inert, 
but if rapidly dried it may retain its infectivity for months. The fixed virus is 
very sensitive to the photodynamic action of methylene blue (Shortt and Brooks 
1934, Galloway 1934) and to irradiation with ultra-violet light (Sankaran and 
Beer 1935). It is readily killed by bile. Little is known about its antigenic 
structure, but most strains seem to resemble each other fairly closely (Remlinger 
and Bailly 1930, Havens and Mayfield 1933). 

One of the characteristic properties of the street virus is its power of giving 
rise to inclusion bodies in the nerve cells, known as Negri corpuscles (Negri 1903a, 6) 
(Big. 302). They are found most frequently in the cytoplasm and dendritic pro- 
longations of the nerve cells, particularly in those of Ammon’s horn. Usually they 
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are about 3-10 pi in diameter, but they vary from 1 to 27 /x (Maiiouelian 1912). 
They generally conform in shape to their situation in the nerve cell, being rounded 
when in the cytoplasm, oval when compressed by the nucleus, and fusiform when 
in the dendrons. Each Negri body consists of a homogeneous mass containing 
clearer corpuscles, which may themselves contain one or more corpuscles, and 
sometimes short rods or granules. When stained by Gienisa, the homogeneous 
ground substance is lightish blue ; the larger corpuscles are pink, and the small 
corpuscles, rods, or granules are red or reddish- violet in colour. Fine blue-staining 
granules, which Negri regarded as forming a difiuse nucleus, are scattered through- 
out the body. In infections with fixed virus, Negri bodies are not usually 
present, but instead very fine granules, staining red with Mann’s method, may 
be found in enormous numbers in the nerve cells (Manou41ian 1912). The Negri 
bodies vary considerably in appearance. There is little doubt that they represent 
intracellular micro-colonies of the virus. Their presence in nervous tissue is 
diagnostic of infection, and their demonstration either directly, or indirectly by 
the mouse passage method (Webster and Dawson 1935), affords the most rapid 
means of determining the presence of infection in a suspected animal. 

Diagnosis. — In attempting to reach a diagnosis of rabies in a human being 
before the disease has declared itself, it is important if possible, not to kill the 
animal responsible for the bite, but to keep it in safe captivity for a few days to 
see whether the typical symptoms of the disease develop. If it is killed before 
the onset of the paralytic stage, no Negri bodies may be found in the brain. Once 
the animal is paralysed, it should be killed, and the brain examined by a rapid 
section method for Negri corpuscles. If the animal has been prematurely destroyed, 
or if the brain has been improperly preserved, resort should be had to the mouse 
inoculation test described by Webster and Dawson (1935). 

Webster (1936) recommends that sterile pieces of Ammon’s horn of the suspected 
animal should be made into a 5 or 10 per cent, suspension with distilled water, and that 
0-03 ml. should be inoculated intracerebraUy and 0*25 ml. intramuscularly into each of 
6 mice belonging to the specially susceptible Swiss breed. One animal should be sacri- 
ficed on the 5th, 6th, and 7th days respectively, and its brain examined for Negri bodies. 
The remaining three are observed for 4 weeks for signs of rabies. In practice, a negative 
diagnosis may usually be given in 3 weeks (Thomas 1939). The advantage of the mouse 
over the rabbit is that it is more susceptible, it is easier to inoculate intraccrebrally, and 
it develops rabies, on the average, a week earlier. 

If the brain of a suspected animal cannot be examined fresh, it should be 
packed in ice before transmission to the laboratory ; or, alternatively, half of 
it may be sent in 10 per cent, formalin for section and half in 50 per cent, glycerol 
for inoculation. It is possible that the complement-fixation test may be found 
of value in diagnosis (Casals and Palacios 1941), but so far little work has been 
carried out on it. 

Prophylactic Treatment oi Rabies. 

After infliction of the bite, an attempt should be made to destroy as much of 
the virus in the wound as possible. For this purpose, treatment with a 20 per cent, 
solution of soft soap is said to be as effective as cauterization with fuming nitric 
acid (Shaugnessy and Zichis 1943). Tincture of iodine is also useful, if applied 
within 30 minutes. 

Rabies is a fatal disease, and once symptoms have declared themselves, treat- 
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ment is of no avail. But the disease is characterized by a long incubation period ; 
and it was Pasteur (1885) who realized the possibility of utilizing this period for 
carrying out specific vaccine treatment. Pasteur found that the spinal cords of 
rabbits dying of experimental rabies gradually lost their virulence when dried in 
air over KOH. By inoculating dogs with cords dried for varying periods, beginning 
with the least virulent and working up to the most virulent, he was able to immunize 
them to both natural and experimental rabies. His first human patient was a boy, 
Joseph Meister, aged 9 years, who had been bitten by a rabid dog in 14 places. 
Treatment was commenced 60 hours after the bite. Subcutaneous inoculation 
was performed, starting with a cord that had been dried for 14 days, and working 
up to a cord only 1 day old ; altogether 13 injections were given within 11 days. 
Rabbits inoculated with the cords 7 to 14 days old remained well ; rabbits inoculated 
with the cords 1 to 6 days old died after an incubation period increasing from 7 to 14 
days. The cords first injected were therefore a virulent ; those used for the later 
injections were virulent. The treatment was a complete success, and formed 
the starting point of a system of preventive inoculation that is of world- wide 
distribution. 

Pasteur’s original method of inoculation is still used to-day, but a number of 
other methods have been developed by different workers. The most important 
of these are : (1) Hogyes’ method ; this consists of the subcutaneous injection of 
1/100 to 1/10,000 dilutions of a 1 per cent, suspension of fixed virus of full virulence. 
This method has been used extensively with good results ; occasionally, however, 
the fixed virus may cause infection. (2) Babes’ method ; in this the spinal cord is 
heated to 80°, 60°or 45° C. for 10 minutes, in order to attenuate the virus to varying 
degrees. (3) Semple’s method ; the virus is killed with 1 per cent, carbolic acid. 
(4) Alivisatos’ (1922, 1926) method ; the virus is attenuated with ether. (5) Fermi’s 
method of sero-vaccination. Fermi (1926) prepares his vaccine by exposing a 
5 per cent, suspension of fixed living virus to 1 per cent, phenol for 1 to 10 days. 
The serum is prepared by the immunization of horses with the vaccine. The 
vaccine and the serum are mixed in var 5 dng proportions, and injected twice daily. 

It is very difS.cult to ascertain which of these methods is of most value. McKen- 
drick (1940), who has reviewed the results furnished over a number of years by 
the Pasteur Institutes in diff^erent countries, comprising a total of over one million 
persons treated, finds that there is very little to choose between them. From a 
careful analysis of the figures he regards it as improbable that any of the vaccines 
differs in efficacy from the rest by more than 25 per cent. On the other hand, 
paralyses resulting from the vaccine itself were observed about three times as 
often in patients treated by Pasteur’s original method or by Hogyes’ dilution 
method as in those receiving vaccines killed by phenol, ether, or heat. Paralyses 
of this type constitute one of the objections to the treatment. They occur about 
once in every 3,000 to 10,000 patients, according to the type of vaccine used. 
The commonest time for them to appear is between the 11th and 30th days after 
the bite, that is to say, considerably before the onset of rabies in untreated persons. 
They prove fatal in about, 25 per cent, of cases. What they are due to is not 
yet known ; for a discussion of the subject see Remlinger (1927). 

The average case mortality in treated patients in McKendrick’s series varied 
over a series of years between 0*23 and 0*49 per cent. 

How, it may be asked, can a dead vaccine, inoculated into the ]>atient after 
living virulent virus has gained access to the body, afford any protection against 
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the disease ? The answer to this question is still being sought. The virus is 
known to be neurotropic, and almost certainly finds its way to the brain and 
cord by way of the nerves. If an attenuated virus was Inoculated in enormous 
quantities very soon after the bite, it is conceivable that some of it might reach 
the susceptible nerve cells and block the entry of the virulent virus. But how 
can this happen with a dead vaccine, unless transport along the neurones is purely 
mechanical 1 Yet, from McKendrick’s figures a dead vaccine appears to be just 
as efficacious as a living attenuated virus. Moreover, there seems to be no advan- 
tage in early treatment ; the mortality of those treated 0-4, 5~7, or 8-14- days after 
the bite was, among Europeans, 0*19, 0-10, and 0-06 per cent, respectively. Animal 
experiments do not increase our confidence in vaccination. The observations of 
Shortt and of Coveil and their colleagues in India (Shortt et al, 1934, 1935, Covell 
et al. 1936), and of other workers (see Webster 1939h) seem to show that (1) no 
vaccine can protect an animal after exposure to infection by rabies virus, (2) vaccine 
given before exposure to infection is effective only provided {a) it is given repeatedly 
and in large doses, totalling at least 1 per cent, of the body weight, and (6) the 
test dose is given subcutaneously, intramuscularly, or by some other route than 
the intracerebral. 

Considerations such as these have led many workers to question the value 
of the vaccine treatment of rabies. Ever since Pasteur recorded bis apparently 
brilliant successes, persons who have been bitten by rabid animals have been given 
treatment as a matter of course. In such a disease it would be unjustifiable to 
withhold it so long as there was any reason to believe that it might confer some 
degree of protection. The result has been that there are no adequate control 
figures available, A high proportion of persons treated have probably not been 
bitten by rabid animals, and, of those who have, probably not more than a quarter 
would have developed rabies anyway, .The figures of the Pasteur Institutes 
therefore throw little light on the main question at issue. 

Progress in the past has been hampered by the failure of a satisfactory technique 
for standardizing anti-rahic vaccines. The mouse inoculation test, however, 
introduced by Webster (1939a) promises to be of value for this purpose. By its 
use Webster found that commercial vaccines of the killed type were often devoid 
of protective action or were effective only in doses greater than those recom- 
mended by the manufacturers (see also Wyckoff and Beck 1940, Habel 1940a). 
Habel (19406), moreover, has noted considerable variations in the antigenic potency 
of the different strains used to prepare commercial vaccines. In an effort to 
produce a more reliable product, Webster and Casals (1942a, h) have prepared 
a vaccine from infected dog brain rendered non-virulent by exposure to ultra- 
violet light. In the laboratory favourable results were obtained in the protection 
of mice and dogs, but its use on a field scale under properly controlled conditions 
will have to be awaited before an opinion on its value can be expressed. 

The Paris Conference on rabies recommended that prophylactic treatment 
should be applied to all human patients whenever they had been bitten, or whenever 
a mucosa had been contaminated with rabid saliva, even though no wound had 
been inflicted. The treatment should be commenced as soon as possible after the 
bite. In countries where rabies is common, they recommend that all dogs should 
be vaccinated with a single dose of killed or of fixed virus, and revaccinated every 
year. But a dog or other animal that has been bitten by a certainly rabid animal 
must be killed, whether vaccinated or not ; if bitten by a suspect animal, then 
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the dog may be vaccinated therapeutically, and kept in quarantine lor 6 months. 
The measures they recommend for the elimination of rabies consist in restricting 
all dogs not fitted with muzzles to the homes of their owners, and in destroying all 
stray dogs. In this country, where the muzzling orders and the strict supervision 
of all imported dogs have been carried out when need has arisen, rabies is non- 
existent. 

How far prophylactic inoculation of dogs is effective in practice, it is impossible 
to say. Gautier (1940-4-1), who reviewed the evidence, was able to reach no 
definite conclusion. Webster (19396) found that a single dose of the usual canine 
vaccines was ineffective, thus confirming the previous observations of Barnes 
and his colleagues (1930, 1934). Whether the ultra-violet irradiated vaccine of 
Webster and Casals (1942^^, 6) will prove more efficacious, it is as yet too early 
to say. For much useful information on rabies, the reader is referred to the 
monograph by Bemlinger and Bailly (1938a). 


Pseudorabies 

Synonyms : Mad itch : Infectious bulbar paralysis : Aujeszky’s disease. 

This disease, which was described by Aujeszky in 1902, has only recently 
attracted much attention. It appears to be an acute infection of the central nervous 
system affecting dogs, cats,* cattle, horses, pigs, goats, sheep, rats, and mice, but 
not man. Though originally met with in Hungary, it has now been reported from 
a number of other European countries and from both North and South America. 
Unlike rabies the incubation period is very short — only a matter of hours — the onset 
is brusque, there is intense pruritus, which often completely dominates the clinical 
picture, the mental faculties are preserved, paralysis occurs very late and does not 
involve the lower jaw, the disease lasts only 24-48 hours, and sudden death is 
common (Eemlinger and Bailly 1934). Except in pigs, the case-mortality rate 
is usually very high. The mode of infection is still in doubt. According to Shope 
(1935), the disease in cattle is very fatal but non-contagious, whereas in pigs it 
is relatively mild but highly contagious. Shope believes that in pigs infection 
occurs by the nose, and that the abraded skin of cattle can probably be infected 
from contact with the pig’s snout. A study of neutralizing bodies in the serum 
suggests that pseudorabies is a highly prevalent but unrecognized disease in the 
hogs of the Middle West. There is some evidence that the disease is spread by 
rats, and that pigs may become infected by feeding on contaminated material. 

The disease can be reproduced experimentally in most animals, though monkeys 
appear to be fairly resistant. In the rabbit, which is the most susceptible of the small 
laboratory animals, the disease exhibits a diverse and striking symptomatology. Infec- 
tion is possible by practically any route. Intracerebral inoculation gives rise in 20-40 
hours to a condition of wild excitement, accompanied by salivation, grinding of the 
teeth, blindness, and later coma and death. In rabbits injected subcutaneously the 
incubation period is 50-75 hours ; the animals then start scratching and biting the site 
of inoculation ; their efforts become increasingly savage till the skin is hairless, abraded, 
and bleeding ; feebleness sets in, and death occurs in a state of collapse 6-24 hours after 
the onset of pruritus (Shope 1931). The clinical picture, however, is very variable, and 
may assume an encephalitic, pseudo-herpetic, meningeal, paralytic, pruriginous, fulmin- 
ating, or even abortive form (Eemlinger and Bailly 1934). Some animals can be infected 
by feeding. 
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The causative virus is widely distri])iito(l in tlio lunlv, Inhig oftun dt^monstrable 
in the Wood and internal organs as well as in the (UMitral 3 um-\oiis system. It 
may be present in the saliva, but there is no e\'idenc<‘ to sirugost that, the disease 
is transmitted by biting (Reinliiiger and Bailly 19;^7). In stnue animals it is 
said to be excreted by the urine. It can pass through a, l](‘rhe{(dd W filter, and 
has been found by the gradocol membrane teeliuiqiK', to have a {)arti<*le size of 
100-150 mfji (Elford and Galloway 193G). It is killed exposiin* to a tempera- 
ture of 55°-60° C. in 35 minutes, but survives in 50 pin* (uni. glyecuml in t-he ico- 
chest for many months (see McKinley 1929). Tt is readily d(‘st.royed by bile. 
It has been successfully grown in tissue cultun's c-ontMiining raJ>]>it or guinea-pig 
testicle and in a minced chick embryo medium (iraub 1933). It can also be 
cultivated on the cliorio-allantoic membrane of l\w (diick (unbiaa) (Mt‘srobeanu 
1938) ; focal lesions are produced, and the embryo (li(‘s in 3 1 days (Glover 1939) ; 
the virus invades the central nervous system of tin* (unbrw) (Gang 1912). Cross- 
immunity tests show that it is distinct from the virus of raidi^s ((hu-hudi and 
Schweinburg 1935), and from the herpes virus (Ni(‘.olau d al. 1937), whic.li in many 
ways it resembles (see King 1940). Immune sera t-hat. neul.ralize the virus can 
be prepared by inoculation of guinea-pigs (Shape 1931). A n1 igenieally, only one 
type of virus has so far been recognized (Rcmilingm’ and Gailly 1937). 

Histologically y the picture varies in diirereut animals, hi gmim'al, gross h^sions 
are few. Hypersemia of the meninges and small lueinorrhagic extravasations 
may be seen. In rabbits and guinea-pigs the virus giv(‘s rist‘ to loc'ul inflammation 
and necrosis at the site of inoculation, passes uf) the piu’iphm-al nervc's as evidenced 
by the presence of intranuclear inclusion bodies and causes d(‘g<*neration of the 
nerve and glial cells in the spinal ganglia and .segmeni-s of tin*, cord corres]>0Ti(ling to 
the peripheral nerve invaded (Hurst 1933), The lungs may show intense haunor- 
rhagic lesions, containing virus in considerable (piantity {sm*. (billoway 1938). 
In cows, primary degeneration of the nerve atid glial evils ocemrs in the c(*rehral 
cortex, especially Ammon’s horn. 

Animals that recover from an attack of the dist^asc possess a, strong immunity 
even against intracerebral inoculation (Gerlach and Hchweinburg 1931)) ; but all 
attempts so far to immunize healthy animals by vaccination ha\'e provinl a failure. 
For a general description of the disease audits causative virus th<UHuult*r is referred 
to an article by Galloway (1938) and to the monogra])h by Hemlinger and Bailly 
(19386). 


SCRAPIK 

Synonym : French. Tremhlante du niouton 

Scrapie is a disease of sheep that occurs in Great 'Britain « mainly the northern 
part— and on the continent of Europe. The otisct m often imsidious ami m cluir- 
acterized by undue excitability and jerky movements of the ears, (‘jelids, lips 
and limbs. Later, irritation of the skin occurs, starting at the root of the tail and 
gradually becoming generalized. Itching is intense and almost Intolerable. 
Emaciation rapidly sets in, the animal becomes weaker and wcaikcu, and dicvs in 
a fortnight or so. From start to finish the disease lasts 3 to 4 mouths. In the 
so-called “ trotting ” variety, the itching is less severe, but the animal periodically . 
drops every now and again, as if dead, and then rises in a few iniiiut*es and resumes 
its trot. PathologioallyEj, no characteristic lesions have been found. Early attempts 



SALIVARY GLAND VIRUS OF GUINEA-PIGS 


1943 


to transmit the disease by inoculation failed, possibly because the animals were 
not observed long enough. More recently, Cuiile and Chelle (1936, 1938) have 
shown that the brain and spinal cord are infective, and that the disease may be 
reproduced in susceptible sheep by subcutaneous, intra-ocular, epidural, or intra- 
cerebral inoculation. The incubation period, however, is very long ; it is seldom 
less than a year and may extend nearly to 2 years. The infective agent appears 
to be filtrable, as a suspension of cord is still virulent after passage through a 
Chamberland L3 candle. 


We append brief descriptions of two animal diseases whose position in our rough 
scheme of classification is very doubtful. 


Salivaey Gland Virus of Guinea-pigs 

Cole and Kuttner (1926) observed greatly swollen epithelial cells in the salivary 
glands of guinea-pigs ; they were found in 84 per cent, of full-grown animals. 
Injection of a suspension of the afiected submaxillary glands intracerebrally into 
young guinea-pigs was followed by fever, cerebral irritation, and death in 5 to 7 
days, with diffuse subacute meningitis. In the exudate large numbers of cells 
were found similar to those in the salivary glands. Similar cells were also seen 
'U the lesions resulting from inoculation of the same suspension into the testicle, 
lung, tongue, and submaxillary glands of young guinea-pigs. Markham (1938) 
has recorded the occasional finding of characteristic inclusions in the epithelium 
of the convoluted tubules in the kidney of naturally infected animals. The virus is 
destroyed at 54° C. in 1 hour ; it survives for 11 but not for 28 days in 50 per cent, 
glycerol. It passes through a Berkefeld N candle. The virus appears to give 
rise to no clinical symptoms in naturally infected guinea-pigs. Infected guinea-pigs 
are immune to the intracerebral inoculation of virus ; in the serum of these animals 
neutralizing bodies can be demonstrated (Andrewes 1930). More recently Kuttner 
and Wang (1934) have described the presence of acidophilic intranuclear inclusion 
bodies in the submaxillary glands of hamsters, white mice, and wild rats ; each of 
these animals appears to be infected by a specific virus. Similar inclusion bodies 
have also been noted in the salivary glands of human infants, but animal trans- 
mission experiments have proved unsuccessful. 

Pappenheimer and Slanetz (1942) have described a generalized visceral disease 
of guinea-pigs characterized by intranuclear inclusions of the herpes type. Macro- 
scopically, areas of greyish-white necrosis were found in the liver but, microscopic- 
ally, lesions were present in the lungs, spleen, and kidney as well. Infection was 
not transmissible experimentally, and the relation of the disease to that caused 
by the salivary gland virus was not clear. 


Periodic Ophthalmia of Horses 

This disease is characterized by a recurrent serous uveitis, with an acute onset, 
subsidence in 4-10 days, and a remission after 3-6 weeks. The symptoms can be 
reproduced in horses by inoculation of a Berkefeld K filtrate of infective material 
into the vitreous humour, Rabbits are also susceptible (Woods and Chesney 1930). 
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EILTRABLE VIRUS DISEASES— 


D. GROUP CHARACTERIZED BY CATARRHAL OR GENERALIZED 

INFECTION 

MEA8LES 

Measles is a highly infectious disease of human beings, which is endemic through' 
out the world. In Europe and America epidemics tend to occur in alternate years, 
as a fresh susceptible population of children grows up. Among civilized peoples 
it is chiefly a disease of childhood, relatively mild in itself, but when complicated 
by respiratory infections — as it so often is — attended by a high mortality. Intro- 
duced, however, into non-endemic areas it affects young and old alike, and takes 
on a more malignant character. When it was imported, for example, into the 
Fiji islands in 1875, it carried off 20-25 per cent, of the entire population (see 
Brincker 1938). Most children exposed to infection for the first time contract 
the disease, but there is evidence that during epidemics a small proportion develop 
a latent infection resulting in a temporary or sometimes permanent immunity 
(see Halliday 1928, Stocks and Earn 1928, Enders 1941). In this country measles 
is a disease of winter and spring, the maximum mortality usually being recorded 
in April. 

Anderson and Goldberger (1911) first recorded evidence indicating that measles could 
be experimentally transmitted to monkeys. The experiments of NicoUe and Conseil 
(1911, 1920) likewise suggested that monkeys were susceptible. The most convincing 
evidence, however, was brought by Blake and Trask (1921). These workers were able, 
by the intratracheal inoculation of filtered and unfiltered nasopharyngeal washings taken 
from measles patients 6 days before to 22 hours after the appearance of the rash, to 
produce in nionlieys {Macacus rhesus) a disease closely simulating human measles. After 
an incubation period of 6 to 10 days, there developed a characteristic group of symptoms 
characterized by listlessness, drowsiness, leucopenia, catarrhal conjunctivitis, a rash on 
the labial mucosa, and a skin rash consisting of discrete red maculo-papules ; fever was 
inconstant. Recovery occurred after an illness of 7 to 10 days ; no respiratory com- 
plications were observed. The disease was transmitted from monkey to monkey by 
intratracheal inoculation of tissue suspensions (chiefly skin and buccal mucosa) of monkeys 
killed from 2-6 days after the onset of the reaction, and by intravenous inoculation with 
blood taken 7-13 days after infection ; but it could not be carried on through monkeys 
indefinitely (Blake et al. 1936). Shaffer, Rake, Stokes and O’Neil (1941) inoculated 
children and monkeys — Macacus mulatta — simultaneously with blood drawn from human 
cases of measles in the early stages of the disease. Both sets of inoculations proved 
successful, the incubation period in the children varying from 5 to 12 days, in the monkeys 
from 6 to 16 days. The disease in the monkeys was generally milder than in the children, 
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and was not as a rale accompanied by either fever, or coryza. Since Rake and 

Shaffer (1940) have found that nasophaiyni^asal wa,shin,Lrs aiv still iufect.ivo after filtration 
through a Seitz EK disc, there seems little doul)!- tluvt the disi^ase must }>e due to a filtrable 
virus. As Eiiders (1941) points out, the monkey experiimuits vould be more convincing 
if the disease could he transmitted back to man ; so far this af)p(‘a-rs to have been done 
on only one or two occasions. 

Numerous workers (Noviii and Bittman 1921, Duval and D’Auuoy 1922, .Scott and 
Simon 1924, 1925) have claimed to have IransmiDed im'ash^s lo Their work is 

criticized by Purdy (1925), who eomphdvly Faih‘d to obtain any signiheant reaction in 
rabbits— even with material that vas shown to he iidcctivc for monkeys. Taniguchi 
and his colleagues (1935) recorded the successful transmission of infection to rabbits and 
guinea-pigs, but there is reason to believe that th<" virus they (sst.ablish(‘d was not the 
measles virus, hut one of the animal pox grou]> (see Kndiu's 1941). The evidence, on 
the whole, does not suggest that the disease ha.s evtu* Ixam siujcessfully reproduced in 
animals, apart from monkeys. 

Little is known about the virus. 

Several workers have reported its cultivation on tiie ehorio*allantoie membrane of 
the developing chick embryo, hut most of the r{‘porls an* unconvincing. More recently 
Rake and Shaffer (1940) state that they have be(‘n abh* to {*arr\' the virus through 20 serial 
egg passages and to reproduce infection with it iji monk(*y.s. .Stokes and lus colleagues 
(1943) were apparently able to transmit the diseasii in a mo(li{i<*d (brm to children with 
virus that had reached its 66th serial egg passage, sugg(‘sling that, virus had undergone 
considerable attenuation in culture. Its growth in a tissiui eultun‘ medium, consisting 
of Tyrode’s solution, monkey serum, chick embryo tissiu*, and (ihk^keu plasma, has been 
reported by Plotz (1938) and confirmed by Rake, Shaffer and Jones (1941). In naso- 
pharyngeal washings the virus is said to survive fur sev<Tal days at 0'*^ C. or below, and 
to withstand 10 per cent, ether for at least 40 minutes (Rake and .Shaffer 1940). Intra- 
nuclear inclusion bodies have been described by Broadhurst and Ikt colleagues (1937, 
1938) in the nasal mucosa, Koplik’s spots, and white blood (;ellH of im^ash's patients, but 
their findings still await confirmation. 

Prophylaxis. — General measures include notification, (‘xclusion of cliildren from 
school fox a fortnight, and sometimes quarantine of nondianumo contacts for 
16 days. School closure is rarely called for ; nor is it usually desirable to prevent 
healthy home contacts from attending school, provided that they ate kept under 
observation. In view of the high complication rain due to cross-infection with 
hsemolytic streptococci, treatment at home rather than in hospital is advocated 
for patients with uncomplicated measles (see Wright 1945). 

The prophylaxis of measles has been improved by the UvSe of human serum 
from convalescent patients or from normal adults who liave previously suffered 
from the disease. In children under 3 years of age, in weakly debilitated chil- 
dren, and in children suffering from some other serious disease, it is advisable 
to prevent an attack completely by injecting a fairly large dose of serum within 
5 days of exposure to infection. The injection should be made intramuscularly, 
preferably into the vastus externus. The duration of the resulting immunity is 
3-4 weeks, and the patient is subsequently susceptible to infection. After the 
age of 3 years it is desirable to aim, not at complete protection, but at attenuation 
of the attack. This is achieved by injecting the same quantity of serum within 
6-9 days, or half the quantity within 1-5 days, of exposure to infection. The 
immunity following a modified attack appears to be permanent. The requisite 
dosage of serum is given in Table 191. 
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TABLE 191 

Dosage of Sebum m Measles Pkophylaxis. (After Brincker 1936.) 


ISTature of Serum. 

LimitiBg 

Dosage 

Factor. 

Boute. 

Prophylaxis. 

Treatment. 

Dosage in ml. 

Protection. 

Attemiation 

Convalescent . 

Normal adult . 
Whole blood . 

5-20 

10-40 
Double its 
dose as 
serum 

Age X 2 

Age X 4 
Age X 4 

Intra- 

muscular 

99 

1-5 days 

1-3 „ 

1-3 „ 

5-9 days / 

3-9 „ j 
3-9 „ 

Within 6 days 
of onset. 
Dosage factor : 

age X 4. 
Route intra- 
venous. 


Thus for a child under 3 years of age, 6 ml. of convalescent, or 12 ml. of normal 
adult, serum should be given for complete protection. For attenuation of the 
attack in a child of 6 years, 12 ml. of convalescent serum should be given between 
the 6th and 9th days after exposure, or 6 ml. between the 1st and 5th days. If 
adult serum is selected, double these quantities should be used. A fixed dose of 
10 ml. of adult serum is used by some workers in preference to an age-adjusted dose ; 
if protection is desired it is given within the first 5 days, if attenuation is desired, 
within 6-9 days of exposure. Though this practice possesses the merit of simplicity 
it is doubtful whether it is altogether satisfactory (Gunn 1936). Convalescent 
serum should preferably be withdrawn from the donor 7-10 days after defervescence. 
Whole blood is of value mainly in general practice, when blood may be withdrawn 
from the mother or other member of the household and inoculated directly into 
the child. 

For further information on the value of convalescent serum in prophylaxis 
reference may be made to the study of Stillerman, Marks and Thalhimer (1944). 

Statistical analysis of the data so far accumulated has shown the undoubted 
value of serum prophylaxis (Eeport 1933, 1936, Hobson 1938). Convalescent 
serum is found to be more effective than normal adult serum, but only when admin- 
istered to children under 5 years of age at an interval of less than 3 days after 
exposure to infection. It must be understood that to secure an attenuated attack, 
it is necessary not only to give serum, but also to make reasonably sure that the child 
has been adequately exposed to infection. Otherwise many children in whom it is 
desired to produce an attenuated attack resulting in lasting immunity may entirely 
fail to develop the disease and be left susceptible (Eeport 1936). For this purpose 
it is probably desirable to leave the child in contact with infection for a day or two 
and to delay giving serum for 5-9 days. (For further references to serum prophy- 
laxis in measles see Zingher 1924, Debre et al. 1925, 1926, 1930, Copeman 1925, 
Toomey 1926, Haas and Blum 1926, Park and Freeman 1926, Benson and Lawrie 
1927, Karelitz and Levin 1927, Kingsbury 1927, Gunn 1928, Benson 1929, Morales 
and Mandry 1930, Barenberg et al 1930, Kabarro and Signy 1931, Gunn 1932, 
1938.) 

In place of serum the use of placental extract has been recommended by 
McKhann and Chu (1933) and McKhann (1937). In potency it occupies a place 
midway between convalescent and adult serum. The difficulty, however, of 
extraction of the placental globulins and the greater proportion of reactions to 
which it gives rise have not secured for it general acceptance. 




1952 


R U BELLA~-3IU3IPS 


Tlie introduction of tlie gamma globulin fraction of Imiiian serum by Colin 
and liis colleagues (1944) bids fair to replace all oilier [irodiicts in the serum prophy- 
laxis of measles. The observations of Stokes, I\[aris and Gel! is (1944) and of 
Ordman, Jennings and Jaiieway (1944) point to its high [n’oieeiive value ; and 
the results obtained by Greenberg, Frant and Rutstinn (1914) seem to show that 
a dose of 2 ml, given before the ninth day of exposure to infetjtion, can be relied 
upon to afford complete protection to infants and c-hildren under 4 years of age. 
The reactions obtained to this “ human immune serum globulin,” as it is called, 
seem to be few and comparatively mild, and the small dosage riujuired is likely 
to prove particularly attractive for the injection of infants and young children. 

Unlike the Sohultz-Charlton reaction in scarlet hiver, no blanching of the 
morbilliform rash is produced by the inoculation of convalescent serum into the 
skin of a patient suffering from measles. If, however, 1-5 ml. of convalescent 
serum are injected subcutaneously at the beginning of the catarrhal stage, the 
appearance of the eruption is inhibited over an area some distance around the 
site of the needle puncture (Gebre et al. 1923). 

Vaccination against measles by an attenuated virus grown on the chorio- 
allantoic membrane of the developing chick embryo has been described by Maris 
and her colleagues (1943). A mild attack of the disease is said to be produced 
which apparently confers some protection against subsequent infection. 

RUBELLA 

Synonym : German Measles 

Little is known about the causation of this disease. According to Hiro and 
Tasaka (1938) infection can be transmitted to susceptible cliildren by subcutaneous 
inoculation of filtered nasal washings from patients in the acute stage. Habel 
(1942) has reported the reproduction of the disease in monkeys, Macaous mulatta, 
by the intranasal, subcutaneous, or intravenous inoculation of tiasal washings or 
of blood taken within 24 hours of the appearance of the rash. After an incubation 
period of about 8-10 days the animals developed a leucopenia, fever, lymphocytosis, 
and a very light macular rash. Unfortunately, owing to circumstances, the nature 
of the experimental disease could not be proved by passage back to human beings. 
Some evidence was obtained to suggest that immunity following «an attack may 
be slow in ’developing. 

MUMPS 

Mumps is an infectious disease of human beings characterized by a non- 
suppurative enlargement of the parotid glands, and sometimes of the testicles. 
It is commonest between 5 and 15 years of age, but often attacks young adult 
recruits to the fighting services. Most cases occur in the spring. The incubation 
period is usually 7-18 days. The disease seldom proves fatal, and even the 
encephalitis that occasionally accompanies it is usually benign. Second attacks 
are rare. Transmission appears to occur by droplets. There is some evidence 
that patients may be infective for a day or two before the parotitis becomes obvious. 
Isolation of patients should be maintained for a week after subsidence of the 
glandular swelling. 

Though Kermorgant (1925) brought evidence to suggest that infection was 
caused by a spirochsete, there is now little doubt that the causative agent is a filtrable 
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virus. Tiiis conclusion, which was reached by Gordon in 1914 on the basis of 
monkey experiments, and by Wollstein in 1916 on the basis of experiments with cats, 
has received confirmation from the more recent experiments of Johnson and Good- 
pasture (1934, 1935), and Findlay and Clarke (1934). Saliva taken from patients 
in the early stage of the disease and inoculated into Stenson’s duct, gives rise in 
Macacus rhesus monkeys to a disease similar to mumps. After an incubation period 
of 6-10 days or so, there is a rise of temperature, a leucopenia with a relative lympho- 
cytosis, and a painful non-suppurative swelling of the parotid gland. Passage 
experiments can be made with a suspension of the ground-up glands filtered through 
a Berkefeld N candle. The intratesticular injection of such a filtrate gives rise 
in monkeys to a non-suppurative orchitis. Johnson and Goodpasture (1935) were 
able to transmit the disease back to human volunteers after it had been maintained 
for several generations in the monkey. Swan and Mawson (1943) succeeded in 
infecting monkeys by inoculation of cerebrospinal fluid from a patient suffering 
from encephalitis. According to Bloch (1937), the essential lesion of experimental 
parotitis in the monkey is focal acinar necrosis ; oedema, heemorrhage, and a 
lymphocytic reaction are said to be secondary manifestations. Transmission to 
rabbits has been claimed by many workers, but has so far not been confirmed - 
(see Lepine et al. 1940). 

The virus is resistant to freezing, drying, and glycerolation. It has not yet 
been cultivated, though mildly suggestive results on the chorio-allantoic membrane 
of the developing chick embryo have been reported by Swan and Mawson (1943). 

According to Enders, Cohen and Kane (1945) complement-fixing antibodies 
appear in the serum of patients suffering from mumps and remain, though in 
diminishing quantity, for several months ; their presence may be of value not 
only in the diagnosis of the parotitis itself, but in that of the meningo-encephalitis 
that sometimes occurs as a complication during or after an attack of mumps 
(Kane and Enders 1945). 

Monkeys that have recovered from one attack of the disease are actively 
immune. Attempts to confer passive immunity to intraparotid infection by 
inoculation with the serum of persons who have recovered from mumps have 
so far proved a failure (Johnson and Goodpasture 1936). On the other hand, 
some degree of protection can be conferred on human beings by inoculation of 
convalescent serum within the first five days after exposure to infection. The 
dosage varies. Most workers suggest 2-3 ml., but Stillmunkes (1937) recommends 
15-20 ml. The occasions on which serum prophylaxis of a non-fatal disease are 
required must be relatively few. For a general review of mumps, the reader is 
referred to the article by Wesselhoeft (1941). 


YELLOW FEVER 

Little was known about the cetiology of this once-dreaded disease till the studies 
of the American and the French Commissions were undertaken in the early years 
of this century. 

The American workers, Eoed, Carroll, Agramonte and Lazeai (1900-01), at 
the beginning of the century, first showed that the blood of patients was infective 
during the first 3 days of the fever ; that the infecting agent was able to pass 
through a Berkefeld filter ; that the virus was destroyed in the blood by heating 
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to 55° C. for 10 minutes ; that infection was not spread by contagion ; that mos- 
quitoes, Aedes cegypti (also called Aedes anjenteus, and fancuda) fed on 

patients during the first 3 days of the fever, became, after an interval of about 
12 days, capable of transmitting the disease to normal persons ; and that by the 
suppression of these insects, yellow fever could be brought under control. 

Marchoux, Salimbeni and Simond (1903), likewise working with human volun- 
teers, largely confirmed these results. They found, moreover, that the scrum of 
patients during the first 3 days of the fever, but not later, proved infective to normal 
persons when injected subcutaneously in a dose of 0* 1-1-0 ml. ; that defibrinated 
blood kept at 24° -30° C. under a vaseline seal remained infective for 5, but not for 
8 days ; that the injection of blood kept for 8 days under tliese conditions was 
apparently able to produce some degree of immunity in human beings ; and that 
the serum of convalescent patients appeared to be endowed with botli prophylactic 
and therapeutic properties. 

The natural outcome of these findings was to undertake an intensive anti- 
mosquito campaign. The result of this so far exceeded expeet-at-ions that yellow 
fever was apparently wiped out of Central and South Amcihai. Ten years ago it 
was believed that the only serious remaining focus of infection was in West Africa. 
The work, however, of the past few years, carried out to a considerable extent under 
the auspices of the Rockefeller Foundation, has ne<^essitat(al a complete revision 
of our ideas on the epidemiology of the disease. So far from having been wiped 
out in South America, it is now known that infection is widesi)rea(l through large 
parts of the country, and that the disease occurs in an endemic form wliose very 
existence had been previously unrecognized (Soper 1936, 1037, 1938), As has 
happened so often with other diseases, the more flagrant epidemic manifestations 
of the disease were allowed to obscure the less obvious but more persistent under- 
current of infection. The institution of routine post-mortem examinations of 
every person dying within 10 days of the onset of any disease — the so-called 
viscerotomy service (see Rickard 1937) — and the survey of different communities 
by the mouse-protection test (see below) to ascertain the frequency of specific serum 
antibodies against the yellow fever virus, showed that iiibictiou was far more 
widely distributed than had been realized, and that many persons must have been 
infected without ever developing the characteristic symptoms of the disease. It 
was found that, besides the urban type of yellow fever, which is carried by Aedes 
cegypti, another type existed — provisionally referred to as jungle yellow fever— 
which occurred in districts entirely free from this species of mosquito. 

It is too early yet to say very much about the epidemiology of this second type 
of the disease, but the evidence so far suggests that infection is maintained by 
certain species of tree-dwelling mosquitoes. Hcemagogus capricorni and Aides 
leucocelaneus, for example, have been found to harbour yellow fever virus (Shannon 
et al. 1938). Hcemagogus lives in the tree-tops during dry weather and is appar- 
ently able in rainy seasons to carry over infection from one year to the next. This 
probably explains why the disease is particularly liable to attack woodcutters (see 
Report 1940, 1941). It is known that several wild animals, including representa- 
tives of the primates, marsupials, edeutates, and rodents, are susceptible to infection 
and not infrequently contain immune bodies in their blood. But the virus is 
present in the circulating blood for such a short time and immune bodies appear 
so rapidly that these animals cannot be regarded as affording a reservoir of infection 
in the strict sense. The real reservoir is the mosquito ; the animals serve merely 
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as a convenient metliod of conveying infection from one mosquito to another 
(Bugher et al. 1944) 

The disease is very restricted in its distribution by climate, occurring almost 
entirely within the tropics of Cancer and Capricorn. The endemic form occurs 
in both the Old World and the New. In Africa it occupies a band passing across 
the middle of the continent (Findlay 1941). In the New World the northern 
half of South America is affected. Why it has not so far invaded the Orient, 
where susceptible mosquitoes are abundant, is not clear. The incubation period 
of the disease is 3-6 days. A considerable proportion of the indigenous popula- 
tion of endemic areas develop only a latent or ambulant infection, after which 
they appear to be immune for life. Epidemics, when they occur, are never explosive, 
but are preceded for 2 or 3 weeks by a series of sporadic cases. They cease with 
the occurrence of the first frost (see Eussell 1941). 

Though there is reason to believe that rigid measures to diminish the preva- 
lence of A. cegypti are likely to be successful in preventing the urban type of the 
disease, it is now clear that the eradication of infection by anti-mosquito measures 
alone is a hopeless task. 

Animal Inoculation. — Stokes, Bauer and Hudson (1928), working in Nigeria, 
made a great advance when they found that Asiatic monkeys, in particular Macacus 
rhesus, could be experimentally infected with the virus of yellow fever, either by 
inoculation of virulent material, or by infected mosquitoes of the species Aedes 
cegypti. Mosquitoes, when once infected, were found to be capable of transmitting 
the disease for the rest of their lives. It was shown that the bite of a single 
mosquito was sufficient to produce a fatal infection in a monkey. The virus in the 
circulating blood of monkeys was able to pass through Berkefeld V and N, but 
not through W, candles. 

After subcutaneous inoculation of a monkey with infective material, there is an incu- 
bation period of 3 to 4 days, followed by a rise in temperature of about 3® F. j this tem- 
perature persists for 36 to 48 hours, and then fails suddenly to subnormal; collapse 
occurs, and the monkey dies about 5 to 6 days after inoculation. Post mortem, jaundice 
is usually present in some part of the body, especially the laryngeal mucosa and the 
subcutaneous fat ; small haemorrhages are frequently found, particularly in the lungs 
and alimentary canal, and in the wall of the stomach ; dark coffee-ground material is 
often seen in the stomach and small intestine ; the most constant feature, however, is 
the pale, mottled liver, which microscopically shows fatty degeneration and mid- zonal 
necrosis. The liver, when fresh, is highly infective for monkeys — in a dose of about 
0*000,02 gm. When frozen, the liver remains virulent for about a fortnight ; when 
dried and frozen, it remains virulent for about 3 months (Hindle 1929). This forms a 
very useful method of preserving the virus. The blood of infected monkeys contains 
enormous quantities of virus, proving infective sometimes in 1 : 50 - 1 : 100 million. 

White mice are also susceptible to infection (see Theiler 1930, Dinger 1931). The 
intracerebral inoculation of these animals with 0*05 ml. of infective blood from a rhesus 
monkey gives rise, after an incubation period of 5 or 6 days, to an illness characterized 
by ruffling of the coat, inactivity, photophobia, paresis of the hind legs, tonic and clonic 
contractions of the whole body, and finally coma and death in 6--9 days. Post mortem 
there is an acute encephalitis, often with dilatation of the skin vessels, swelling of the 
lymph glands, haemorrhages into the stomach, erosion of the gastric mucosa, fatty 
degeneration of the liver, and enlargement of the suprarenals. Infection can be carried 
on indefinitely by cerebral passage. According to Findlay and Clarke (1935u), an 
encephalitis may be set up in both monkeys and mice by the intranasal instHiation of 
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a neurotropic strain of virus (see also Findlay and Stern 1935). Gtanea-pKjs can be 
infected intracerebrally, provided a neurotropic strain is used (Dinger ei al. 1930, Mathis 
1934, Lloyd and Mahaffy 1935). 

Properties o£ Virus. — There is now no doubt that yellow fev'cr is caused by a 
filtrable virus. Using gradocol membranes, Findlay and Broom (1933) have found 
that the virus is probably about 17-28 mfi in diameter. According to Pickels 
and Bauer (1940), who used the ultra-centrifuge method, it is only 12-19 mjci. Its 
successful cultivation in mouse embryo tissue was reported by Lloyd, Theiler 
and Eicci (1936). Jadin (1937) grew it on the chorio-allaiitoic membrane of hens’ 
eggs ; and Elmendorf and Smith (1937) simplified this procedure by direct inocula- 
tion of the virus into the chick embryo. When grown for several generations in 
tissue cultures, its virulence becomes modified ; it no longer gives rise to a fatal 
disease when injected into monkeys subcutaneously, but it remains capable of 
killing mice inoculated intracerebrally (see Theiler and Smith 1937). Other 
changes can he produced by animal passage (see Sawyer et al. 1930, Findlay and 
Clarke 19356, Findlay and MacCallum 1938). ISTo antigenic differences have been 
recognized among strains of different origin. The virus contains a soluble antigenic 
material, which may be demonstrated as a precipitinogen in the serum of monkeys 
during the height of the illness (Hughes 1933). Survival of the virus in infected 
blood has already been referred to (see also Sawyer et al. 1929). It is killed by 
heat at 55° C. in 5 minutes, and rapidly dies in saline suspensions. In tissue, 
however, that is frozen solid, it remains alive for some weeks, and in tissue that 
is frozen and dried it retains its viability for years. It is readily inactivated by 
bile. In the liver of monkeys, less often of man, it gives rise to amorphous, acido- 
philic, nuclear degenerations. Though it is borne by mosquitoes, and may survive 
in them for the whole of their lifetime, there is no evidence to show that it can 
be hereditarily transmitted from one generation to the next (Philip 1929). 

Diagnosis. — In the laboratory the diagnosis of yellow fever may be confirmed 
by intracerebral inoculation of the patient’s blood during the first 3 days of the 
illness into mice. The mouse protection test (see below) may also be of value, 
if a specimen of serum can be obtained before the end of the first week and again 
in convalescence, in order to demonstrate the appearance of protective antibodies 
in the interval. The complement-fixation test may likewise be used early in conva- 
lescence. According to Lennette aud Perlowagora (1943) complement-fixing 
bodies disappear fairly rapidly ; their presence therefore is indicative of recent 
infection. For retrospective diagnosis, and for immunity surveys, the mouse 
protection test is used almost exclusively, since neutralizing antibodies are known 
to persist for years after an attack. Diagnosis at post mortem is made by histo- 
logical examination of the liver, and confirmed if necessary by inoculation of the 
liver tissue intracerebrally into mice. 

Prevention, Immunity and Vaccination. — In towns and even in country districts, 
where yellow fever is spread by Aedes cBgy'pti, the disease can be eradicated, as 
the workers of the Eockefeller Foundation have shown, by strict control measures 
designed to reduce the numbers of the mosquito vectors. Aedes cegyjpti breeds 
not in ponds or pools, but in artificial water containers, where the natural enemies 
of the larvae are fewest. It is a domesticated mosquito, and its control is therefore 
very much easier than it would otherwise be. In jungle yellow fever, however, 
anti-mosquito measures are impracticable and recourse has therefore to be had to 
vaccination of the exposed population. 
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The serum of convalescent patients and monkeys contains antibodies to the 
yellow fever virus, which may be demonstrated by the complement-fixation, 
the precipitation, or the mouse-protection test. This last test, which was elabor- 
ated by Sawyer and Lloyd (1931), consists in the intraperitoneal inoculation of 
mice with a fixed virus together with the serum to be tested ; a simultaneous 
injection of starch solution is made into the brain to localize the virus. If the 
serum contains no antibodies, the animal dies of encephalitis. These tests, alone 
or in combination, have now been widely used in the survey of indigenous popu- 
lations, and their results, as already mentioned, have shown the widespread 
distribution of infection in South America and West Africa (see Hughes and Sawyer 
1932, Soper et al. 1932, Mahaffy et al. 1933, Beeuwkes and Mahaffy 1934). 

The difficulty of eradicating infection completely by anti-mosquito measures 
has rendered some form of vaccination desirable for persons proceeding to endemic 
areas and for non-immune residents in endemic areas. Starting with the attempts 
of Hindle (1929), who used phenolized or formolized infected monkey liver and 
spleen, numerous vaccines have been developed. Since killed vaccines have met 
with no success (see Findlay and Mackenzie 1936), efforts have been made to find 
a strain of modified virulence that can be inoculated into human beings without 
danger. Sawyer, Kitchen and Lloyd (1932) introduced combined active and 
passive immunization, using a strain that had undergone variation as the result 
of repeated passage through the mouse’s brain, together with human serum. An 
attenuated mouse passage virus, without serum, was recommended by Sellards 
and Laigret (1932, 1936) ; but though it has been used extensively on African 
natives, it has been generally regarded as too dangerous for human use. Later, 
a variant strain, 17D, was developed by American workers, which had been grown 
in tissue culture containing first mouse embryonic tissue, then whole chick embryo, 
and finally chick embryo from which the brain and cord had been removed. This 
strain was found to be greatly attenuated, failing to kill monkeys inoculated either 
subcutaneously or intracerebrally, and producing fatal encephalitis in mice after 
an average incubation period of 8 instead of 6 days ; it still, however, retained its 
antigenic potency. Large quantities of vaccine could be prepared by inoculation 
of the variant strain into the developing chick embryo, incubating the eggs for 
3-4 days, grinding up the embryo, suspending it in human serum, and clearing, 
freezing and drying the resulting mixture. For use the dried virus was rehydrated. 
The dosage for man was calculated according to the number of mice dying after 
intracerebral inoculation (Theiler and Smith 1937, Smith et al. 1938, Bugher and 
Smith 1944). This vaccine has been widely used, with excellent results. One 
drawback to it, however, is that occasional batches have given rise to jaundice, 
coming on, as a rule, 6 weeks to 4 months after inoculation (see Fox et al. 1942&). 
During the second world war, no fewer than 28,585 cases of jaundice occurred 
among the U.S. Army personnel between January and July, 1942, out of about 
2J million troops inoculated ; 62 of these cases proved fatal (Eeport 1942a, h). 
There is little doubt that the jaundice was due, not to the yellow fever virus, 
but to the human serum used in the preparation of the vaccine (see p. 1794). 
Hargett, Burruss and Donovan (1943) have now prepared a similar vaccine from 
which the serum has been omitted. Ho jaundice has so far followed the use of 
this ‘‘ aqueous base ” vaccine ; though Fox and his colleagues (1942a) have recorded 
a number of encephalitic reactions among those inoculated, which they attribute 
to variation in the 17D strain itself. The immunity conferred by the 17D chick 
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embryo Yaccine lasts for at least 4 years and probably longer (Fox and Cabral 
1943). The danger that vaccinated persons may serve to infect mosquitoes seems 
to be negligible, partly because the concentration of virus in the blood is very 
low, and partly because mosquitoes artificially infected with modified viruses of 
this type are unable to transmit the disease to susceptible animals (Roubaud et al 
1937, Smith et al. 1938, Whitman 1939). For an account of the mtiology, epidemio- 
logy and prevention of yellow fever, the reader is referred to articles by Sellards 
(1941), Russell (1941) and Gordon (1941). 

Dengue Fever 

Dengue fever is a disease of warm climates, and is peculiar to man ; it occurs 
during the summer months, often in severe epidemic form, attacking a Iiigh propor- 
tion of the exposed population, and it is followed by a comparatively short-lived 
immunity. It is characterized by fever — usually of sudden onset and often of 
the saddle-back type — conjunctival congestion, pains, in the joints and muscles, 
leucopenia, and sometimes a rash. The disease lasts a week or ten days, and is 
seldom fatal. Ashburn and Craig (1907), working in the Philippines, brought evi- 
dence to show that infection was due to a filtrable virus carried by mosquitoes. By 
intravenous inoculation of volunteers with 20 minims of blood taken from dengue 
patients, they were able to reproduce the typical disease ; the incubation period 
was as a rule 3 to 4 days — a little shorter than that of the natural disease, which 
is usually 4 to 8 days. Inoculation of two volunteers with blood filtered through 
a diatomaceous candle likewise reproduced the disease successfully. One volunteer 
out of four subjected to experiment developed the disease after being bitten by 
Culex faUgans Wied. 

Cleland and Bradley (1918) in Australia found that the mosquito Aides cegy^^i 
was capable of transmitting infection. This observation was confirmed by Siler, 
Hall and Hitchens (1925) in the Philippines, who found that the patient was infective 
for the mosquito during the first 3 days of the disease, and that the mosquito did 
not become infective for human beings till the 11th clay after biting. Once infected, 
the mosquito apparently remained so for the rest of its life. There is, however, 
no hereditary transmission of infection to the offspring. The mosquito, Aides 
albopictus, which is widely disseminated in the Far East, is also said to serve as a 
vector (Simmons et al. 1930). Observations in Greece showed that the disease could 
be transmitted by direct inoculation of filtered or unfiltered blood. The virus 
persisted in the blood for at least 5 days. The scrum of patients remained virulent 
in sealed tubes for at least 54 days at 15°-18‘^ C. Human volunteers inoculated 
subcutaneously with the ground-up bodies of Aides cegypti captured a week previ- 
ously in the rooms of dengue patients, developed the disease 7-9 days later (Blanc 
and Caminopetros 1930, Pontano 1930). The virus passes through an L2 candle, 
and, according to Shortt, Rao and Swaminath (1936), can be cultivated on the 
chorio-allantoic membrane of the developing chick embryo. 

Monkeys from non-endemic areas suffer from a very mild disease after inocula- 
tion, which is insuficiently characteristic for diagnosis. Their blood is said to 
be virulent for man 5—8 days, but not 12 days, after inoculation. Other laboratory 
animals seem to be insusceptible. In the diagnosis of dengue fever the severe 
leucopenia, with a proportional increase in the immature granulocytes, is of help. 
Second attacks of the disease are uncommon during any one epidemic. For a 
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general account of tlie disease see Simmons (194:1) and the monograph by Lumley 

( 1943 ). 

Sandfly Fever 
Synonym : Phlebotomus Fever. 

This disease occurs in tropical and sub-tropical countries. It is characterized by 
an incubation period of 1-6 days, and a fever lasting at least 3 days, accompanied 
by severe headache, pains in the back, bones, joints, and muscles, and followed 
by considerable prostration. It is rarely fatal. Second, and even third, attacks 
do occur, but are not very common. The causative agent appears to be a iiltrable 
virus. There is, however, some discrepancy of opinion on its properties. For 
instance, Shortt and his colleagues (1938) find that it is about 160 m/^ in diameter, 
and that it can be grown in a tissue culture medium containing minced chick 
embryo, human serum and chick plasma, and on the chorio-allantoic membrane 
of the developing chick embryo (Shortt, Eao and Swaminath 1936). Sabin, 
Philip and Paul (1944), on the other hand, maintain that it is only 20-40 mfjL in 
diameter and that it cannot be cultivated by the chorio-allantoic membrane 
technique. Again, according to Shortt and his colleagues (1940), the virus can 
be demonstrated in the patient’s blood for a week in most cases, and occasionally 
for as long as 6 weeks. The time during which the serum is infective is given 
by the American observers as 3 days, namely for 1 day before to 2 days after the 
onset of the fever. Sera kept in the ice-chest remain virulent for months. As 
present in human blood, the virus, when inoculated into rhesus monkeys, gives 
rise to a mild fever ; but the cultivated virus produces only a symptomless infection 
(Shortt et al. 1940). The incubation period after intracutaneous injection into 
human beings is said to be 2J to 6 days (Sabin and Paul 1944). Neutralizing 
antibodies appear early in the serum of convalescent patients and of inoculated 
monkeys ; they can be demonstrated by monkey protection tests, or by inhibition 
of the growth of the virus in culture. Immunity is said to persist for at least 
4 months. Infection is spread by the sandfly Phlebotomus papatasii (see Whitting- 
ham 1924), though possibly other species may act as vectors. The flies do not 
become infective for 7-10 days after biting a patient with the fever. Diagnosis 
is often difficult. The absence of catarrhal symptoms is of help in distinguishing 
the disease from influenza, and the absence of rigors from malaria. Skin rashes 
do not occur (Walker and Dods 1941). The disease may closely simulate lympho- 
cytic choriomeningitis, but the cell count in the cerebrospinal fluid is not increased 
(Pearson 1941). In the blood there is a leucopenia. Prophylaxis consists mainly 
in abolishing sandfly breeding grounds and in sleeping under a close-mesh net. 
Dimethyl phthalate and a pyrethrum vanishing cream are said to afford con- 
siderable protection against sandfly bites (Sabin and Paul 1944). Attempts at 
vaccination with living cultured virus have yielded inconclusive results (Shortt 
et al, 1940), but the use of a virus irradiated with ultra-violet light appears to be 
more promising (Sabin and Paul 1944). 

Eift Valley Fever. Enzootic Hepatitis 

In 1931 Daubney and Hudson described a new virus disease affecting sheep, 
cattle, goats, and man in the Eift Valley of Kenya Colony. In very young lambs 
the disease causes a mortality of 90 per cent, or over ; but in ewes and cows the 
mortality is only 10-20 per cent. In man the disease resembles dengue fever, 
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and is characterized by malaise, nausea, rigors, abdominal discomfort, violent 
headache, transient fever, severe pains in the back and joints, and a leiicocytosis 
followed by a leucopenia. Fatal cases are uncommon. By use ot the mouse- 
protection test, the disease has now been shown to occur not only in Kenya, hut 
in Anglo-Egyptian Sudan, in Uganda, and in the French Sudan (Findlay et al. 
1936). In animals examined post mortem the princi2)al finding is focal necrosis 
in the liver. Acidophilic intranuclear inclusion bodies can be demonstrated in 
the liver cells (Findlay 1933). The mode of spread of the disease is still in doubt. 
Daubney and Hudson (1933) bring some evidence to show that infection is carried 
by mosquitoes, but it is possible that it can also gain access by the respiratory 
tract (Francis and Magill 1935). Laboratory workers are not infrequently attacked. 

Experimentally the disease can be transmitted to susceptible animals, including 
mice, monkeys and ferrets, but not guinea-pigs or rabbits, by cutaneous, sub- 
cutaneous, or intranasal inoculation. Mice arc peculiarly susceptible, most of the 
animals dying in 36-96 hours after inoculation (Findlay 1932). By continued 
passage through the mouse’s brain a neuro tropic variant of the virus has been 
developed (Mackenzie et al. 1936). 

The virus is widely distributed in the body, and can pass through the placenta 
to the foetal organs. Its probable size is 23-35 mpi (Broom and Findlay 1933). 
In blood it is destroyed by exposure to, a temperature of 56"^ C. for 40 minutes, 
but it survives contact with 0*5 per ccnt. phcnol at 4® C. for 6 months. It can be 
cultivated in a minced chick embryo medium (Mackenzie 1933). An attack of the 
disease confers a high degree of immunity in sheep, and the scrum of convalescent 
animals and human beings contains strong neutralizing and complement-fixing 
antibodies. Mice can be successfully immunized by a virus treated with formol 
or inactivated photodynamically with methylene blue (Mackenzie 1935). 

An epizootic Jiepaio-enteritis caused by a virus has been described in guinea-pigs 
(see Morcos 1933). 

Bornholm Disease 

Synonyms : Epidemic Myalgia, Epidemic Pleurodynia. 

Though this disease has not yet been shown to be caused by a virus, a brief 
description of it may be given here. It is characterized by acute pain, usually 
of sudden onset, affecting the chest, upper abdomen, or lower region of the back 
on one or both sides, fever, often headache, little or no constitutional disturbance, 
an absence of catarrh, and a tendency to relapse. The pain is paroxysmal, and 
lasts for a day or more. The muscles are tender on pressure. Pelapscs are common 
at intervals of 2 or 3 days, or after a longer period. No characteristic changes 
occur in the blood. Fatal cases are rare. The incubation period is 2-4 days. 
The disease occurs in epidemic form, usually in the late summer. Infection spreads 
probably by contact. The disease has been observed in various parts of the 
world.^ The Danish physician Sylvest (1934), who studied an outbreak in Born- 
holm in 1930, has written a monograph on the disease, to which reference may be 
made. 

Epidemic myalgia of the nech and shoulders has been described by various 
observers (see Beeson and Scott 1942). It differs from the Bornholm disease in 
not affecting the respiratory muscles of the chest and abdomen, and in being 
accompanied by little or no fever. Its duration is usually less than 5 days. Eecur- 
rent attacks are not uncommon, and in occasional cases the disease becomes chronic 
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and may pass into generalized fibrositis. Beeson and Scott bave apparently been 
able to transmit tbe disease to healthy human volunteers by intravenous inocula- 
tion with blood taken from patients on the second day of the illness. The incuba- 
tion period of the experimental disease was 2-4: days. 

Durand’s Disease 

Durand (1940) described a febrile disease in himself, which he showed to be 
caused by a virus. Findlay (1942), who likewise contracted the disease while 
working with the virus in the laboratoiy, suggested the name Durand’s disease. 
The symptomatology appears to be variable. Fever lasts about 10 days, and is 
accompanied by headache, and sometimes by symptoms of meningeal, upper 
respiratory or gastric inflammation. Blood taken during the fever is infective 
for guinea-pigs ; occasionally the urine or cerebrospinal fluid may also be shown 
to contain the virus. Guinea-pigs are susceptible to inoculation by practically 
any route. After subcutaneous injection there is an incubation period of about 
6-10 days, which after one or two passages of the virus falls to 2-5 days. There 
is fever lasting 6-10 days, local enlargement of the lymph nodes, dyspnoea, severe 
loss of weight, and a leucopenia after a preliminary leucocytosis. Only about 
10 per cent, of the animals die — usually after 3-4 weeks. ^ Animals killed a week 
or so after the onset of the fever show emaciation, a local hsemorrhagic gelatinous 
oedema, great enlargement of the spleen, some degree of interstitial pneumonia, 
and sometimes a brownish-yellow discoloration of the liver. The virus is present 
in the blood and organs. Intratesticular inoculation of guinea-pigs produces an 
orchitis. Animals that recover from the disease are immune. Cats, dogs, and 
rhesus monkeys show some meningeal reaction after intracerebral inoculation, but 
most other animals develop only a latent infection. Two human patients inoculated 
subcutaneously by Durand for purposes of pyrotherapy became febrile in 4 days ; 
fever lasted 8 days. There were few symptoms, other than a meningeal reaction 
in one of the patients. The virus is estimated to be 38-57 m/i in diameter. It 
can be grown in serum Tyrode chick embryo tissue culture medium, and on the 
chorio-ailantoic membrane of the developing chick embryo. In infected spleen 
it remains virulent for about 18 days at 4^^ C., and when frozen and dried for about 
a year. It is killed by exposure to a temperature of 65° C. for 30 minutes. No 
cross-immunity can be demonstrated between Durand’s disease and either lympho- 
granuloma or lymphocytic choriomeningitis. 

Distemper 

Distemper is an acute infectious disease of young carnivorous animals. It is 
very common in puppies, and has given rise to great trouble in foxes reared for 
the fur industry. In the dog the disease is characterized by an incubation period 
of 3-6 days, an initial coryza, fever of a peculiar type, severe gastro-intestinal 
disturbance, and catarrhal inflammation of the respiratory tract often passing 
on to pneumonia. Encephalitis is a less common complication. The disease 
normally lasts 2-4 weeks and has a low mortality ; but complicated cases, which 
probably constitute 40 or 50 per cent, of all cases, may last for several weeks and 
are accompanied by a mortality running up to 80 per cent. The disease is said 
to be characterized by acute anaemia and hypoglycaemia (Wharton and Wharton 
1934). The encephalomyelitis that is sometimes observed is regarded by Perdrau 
and Pugh (1930) as being caused by a virus different from the distemper virus, 
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mainly because of tbe demyelination that is present (see p. 1921). Verliiide (1939), 
however, recognizes two types of encephalitis, one caused by the distemper virus 
itself, and another by a specifically neurotropic virus, wliicli may cause encephalitis 
in the absence of distemper. The disease is spread by contact with infective 
secretions and discharges. 

Distemper occurs naturally in the ferret, and is characterized by an incubation 
period of about 10 days, an initial coryza, and the formation of \Tsic‘les and pustules 
around the mouth ; just as in dogs, encephalitis may develop in a small proportion 
of cases. Distemper in the ferret is a very fatal disease, causing a mortality of 
about 90 per cent. (Diinkin and Laidlaw 1926). The disease has been studied 
to a limited extent in the cat (Hindle and Findlay 1933, Dalling 1931), the fitch 
(Dalling 19316), and the fox (Dalling 1932a). In cats it seems to be due to an 
entirely different virus from that infecting dogs, belonging to the lymphogranuloma- 
psittacosis group (see p. 1877). 

Distemper can be experimentally reproduced in dogs or ferrets by the sub- 
cutaneous inoculation of infective material, such as blood or spleen. Carre (1905) 
was able to transmit the disease to young puppies by bacteria-free exudates and 
by bacteria-free filtrates of infective discharges. Though M'Gowan (1911) in Scot- 
land, and Ferry (1911) and Torrey and Rahe (1913) in America, brought forward 
evidence to suggest that distemper was caused by H. hroncJiisepticus (see Chapter 33), 
the more recent work of Dunkin and Laidlaw (1926) and of Laidlaw and Dunkin 
(1928) leaves no doubt that the primary cause of distemper is a filtrable virus. 
These workers were able to transmit the disease to dogs and ferrets by infected blood 
and serum from which no bacteria could be cultivated, and ])y Handler filtrates of 
ground-up ferret’s spleen. The disease reproduced by these bactcriologically sterile 
inocula was identical with natural distemper. Laidlaw and Dunkin regard E. 
broncMsepticus as a secondary infective agent responsible for the respiratory com- 
plications of the disease ; they draw attention, to the fact that in natural distemper, 
in which pneumonia is not uncommon, H, broncMsepticus ^ though readily cultivable 
from the lung, can rarely be cultivated from the blood, thus indicating that the 
organism is a secondary rather than a primary invader. 

The virus can be grown in tissue culture. It is present in the blood of ferrets 
during the first 4 days of the disease, and in the blood of dogs at the height of 
the first febrile period. In the tissues it gives rise to cytoplasmic and intranuclear 
inclusion bodies, principally in the epithelial lining of the respiratory system, 
urinary tract, bile ducts, and ducts of the salivary and pancreatic glands (Green 
and Evans 1939a). Their histological demonstration in the bladder, nose, or 
trachea affords a rapid method of diagnosis (Green and Evans 19396). 

Vaccination. — ^Laidlaw and Dunkin (1928) were able to immunize ferrets and 
dogs hy a specific formolized vaccine. They found that 2 ml. of a 20 per cent, 
suspension of a ferret’s spleen treated with OT per cent, formol, when injected 
subcutaneously, would protect normal ferrets against a large dose of active virus 
given 2 weeks later. A similar formolized vaccine made from infected dog’s liver, 
spleen, and lymph glands, when given in a single dose to dogs, and followed by the 
inoculation of an attenuated living strain of virus, produced complete immunity. 
It is noteworthy that vaccine made from ferret’s tissues had little protective action 
on dogs, unless multiple injections were given ; and that vaccine made from dog’s 
tissues had practically no protective action on ferrets, even when multiple injections 
were given. The vaccine has been tested under field conditions and has given 
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very satisfactory results. It is now made from the spleen and mesenteric lymph 
nodes of dogs (Laidlaw and Dunkin 1932). Experience has shown that the original 
“ wet virus,’’ used for the second dose is unsuitable for commercial distribution, 
and it has been replaced by a stable dried form of ferret virus (Balling 1931a, 
19326). Some workers prefer to give two doses of the dog vaccine at a week’s 
interval followed by the living virus a fortnight later (Kelser 1941). Immuniza- 
tion with a single dose of serum-virus mixture proved unsatisfactory and was 
given up (Balling 19326). If, however, a fully virulent dried ferret virus is inocu- 
lated, followed 1-2 hours later by a dose of immune serum, a satisfactory immunity 
results. This method is extensively used in practice in order to save the veterinarian 
two visits. For treatment of the disease immune dog serum may be used. It 
is said to be of considerable value if given within 7 days of the onset of symptoms 
(Wright 1932). It is also useful for prophylaxis. 

Feline Entebitis 

A widespread highly contagious disease of cats occurs in the United States 
to which the name feline enteritis is often given. It has been studied by Hammon 
and Enders (1939) and by Syverton and Lawrence and their colleagues (Syverton 
et al. 1943, Lawrence et al. 1943). Though the accounts of these observers differ 
to some extent, there is little doubt that they were dealing with the same disease. 
Kittens and young cats seem to be mainly affected. The incubation period is 
4-7 days. The symptomatology is irregular, but listlessness, prostration, anorexia, 
vomiting, and diarrhoea are often present. The temperature is raised, and nasal 
and ocular discharges are common. The most characteristic feature, however, is 
the occurrence of a profound leucopenia, amounting sometimes to almost complete 
absence of white cells from the circulating blood. Beath usually occurs in 2-4 days. 
The case mortality is given as 50 per cent. At post mortem there is little macro- 
scopic evidence of disease ; but microscopically there is severe aplasia of the cellular 
elements of the bone marrow, and conspicuous intranuclear inclusion bodies are 
found in the epithelial cells of the intestinal mucosa and the reticular cells of the 
spleen and lymph nodes. Infection is spread by contact with infective discharges. 
A virus, capable of passing through a Berkefeld W filter, and therefore probably 
not greater than 35 m/Lc in diameter, can be demonstrated by animal inoculation 
in the blood, organs, nasal secretion, fseces, and sometimes urine of infected animals. 
The disease can be reproduced experimentally by inoculation of non-immune 
animals by the oral, intranasal, subcutaneous, and intravenous routes. Attempts 
to cultivate the virus have so far failed. The virus is specific for cats, and is 
apparently distinct from the feline distemper virus, but further observations are 
required. Recovery from the disease is accompanied by the appearance of specific 
neutralizing and protective antibodies. 

Swine Fever 

Synonyms : Hog Cholera. Schweinejpest (German). Peste du pore (French). 

Swine fever or hog cholera is an infectious disease, peculiar to pigs, caused by 
a filtrable virus. It is widespread throughout the world ; a special form of the 
disease has been described by Montgomery (1921) in East Africa. The disease 
is primarily a septicsemia, but in a large proportion of cases intestinal compli- 
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cations develop due to Salm. cliolerce-siiis or oilier imnnbers of the animal para- 
typhoid group, or lung complications due to FastnneUa suiseptiai. X great 
deal of confusion lias occurred in the iiast with regard t.o tins dis('a,se, which was 
originally believed by Salmon and T. Smith (}88(), IS8o -9;>) t.o !)(' due i.o infection 
with Salm. cholerce-suis ; but it now a[)pears i,o he lairly certain that tliere are 
at least three infections which may occur singly or coiumrreiitly. (1) Swine fever; 
this is due to a filtrable virus. (2) Paratyphoid oi pigs ; this is an intestinal disease 
caused by Salm. cliolerm-suis. (3) Swine plague , this is a ])leiiro{)neiimonia caused 
by Pasteurella suiseptica. The confusion has nnsulted from (he fact that in 
swine fever secondary invasion with Salm. choIcr(v-.siihs or Ans'h is very 

common. 

The evidence that swine fever is jirimarily diu' to a hlirahh^ virus was first 
advanced by de Schweiiiitz and Dorset (1903), and may be sumnuirized as follows 
(Uhlenhuth and Haendel 1913) : (1) Filtered blood, stu-uni, organ suspensions, 
bile, or urine, when inoculated in 1-2 ml doses, are ahh', to give rise to the dis- 
ease in normal pigs after an incubation period of about 8 to 10 days. (2) The 
disease may be carried over by passage from animal to animal b}^ inoculation of 
filtered blood. (3) Animals that have withstood the inoculation of filtered blood 
are henceforward immune both to natural and cx])orim(mtal infraction . (4) Swine 

that have passed through an attack of the natural disease arc resistant to the 
inoculation of filtered blood. (5) Normal swine placed in contact with experi- 
mentally infected swine develop the disease. (6) Animals injected intravenously 
or fed with cultures of Salm. cliolerce-stiis devedop acute intestinal inflammation, 
similar to that occurring in swine fever, but the filtered blood of these animals is 
not infective to normal swine. (7) Normal animals placed in contact with animals 
infected with Salm. cholerce-suis do not contract swine fever. (8) Animals that have 
overcome an infection with Salm. cJioIercc-sim are not immune to swine fever. (9) 
Salm. cholercB-suis is not demonstrable in more than a variable proportion of cases 
of swine fever. 

Natural infection in swine fever appears to occur by ingestion of infective 
material, especially material contaminated with the urine of sick animals (Hutjnra 
and Marek 1926). Animals that have recovered from the disease may continue to 
carry infection for weeks or months, the virus apparently persisting in the button 
ulcers of the intestine (Gibbs 1933). 

The virus is unusually resistant to inimical agencies. In filtered blood ib is 
said to withstand a temperature of bS"* C. for 2 hours, but to be diistroyed by a 
temperature of 78° C. maintained for 1 hour. Fluid material containing the virus 
retains its virulence at room temperature for 10 to 14 weeks, and dried on brick 
or hay for at least 28 days (Slavin 1938). In serum the virus is destroyed by 
2 per cent, formol in 15 days, and by 2-5 per cent, antiforxnin in 2 hours (Ilutyra 
and Marek 1926). It can be grown in tissue culture, preferably containing fresh 
minced pig testicle, on the chorio-allantoic membrane of the developing chick 
embryo, and on the surface of swine serum agar if the inoculum is previously 
mixed with fresh testicular cells (Hecke 1932, Tenbroeck 1941). 

Attempts to confer an active immunity on swine by the injection of killed virus 
have failed. In practice, immunity can be produced by the simultaneous injection 
of 20 ml. immune serum, taken from an animal that has recovered from the disease, 
and 1~2 ml. of defibrinated virulent blood. Animals treated by this method are 
immune for life. (See also Donatien and Lestoquard 1929.) 
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Rinderpest or Cattle Plague 

Rinderpest is an acute infectious disease of cattle, cliaracterized by an incuba- 
tion period of 3 to 9 days, acute fever lasting for 4 to 7 days, inflammation of the 
oral and gastric mucosa often attended by necrosis and ulceration, and a mortality 
varying from 15 to 75 per cent. The disease is prevalent in Southern Europe, Asia, 
and Africa. It also attacks buffaloes (Schein 1917). The existence of chronic 
carriers, with diphtheritic ulcers in the abomasum, has been recorded by Gibbs 
(1933). 

Inoculation of normal animals with tissue fluids from an infected animal 
reproduces the disease. At the height of the attack the blood proves virulent in 
a dose of 1/1,000 to 1/25,000 ml. (Schein 1917). Goats are susceptible to experi- 
mental infection, but continuous passage through these animals is said to be followed 
by a diminution in virulence of the virus. There is evidence that the virus is 
contained chiefly within the leucocytes. Thus in blood that is allowed to clot 
naturally the serum is avirulent ; in defibrinated blood that is centrifuge d the 
deposit alone is virulent ; in blood laked with distilled water, and centrifuged, the 
deposit, which consists mainly of leucocytes, alone is virulent (Kolle, see Nicolle 
and Adil-Bey 1902; Schein 1917, Daubney 1928). Nicolle and Adil-Bey (1902) 
brought forward evidence to show that the virus, when present in diluted tissue 
fluids or suspensions, may pass through a Berkefeld N or a Chamberland E candle ; 
the results however are inconstant — possibly because of the intracellular location 
of the virus. The virus has not yet been cultivated, hut Minett (1923) found that 
it could remain alive for at least 6 days at 37° C. in citrated blood, and for at 
least 13 days at 39°-40° C. in a glucose ox blood peptone water medium layered 
with paraffin. 

Cattle may be immunized against the disease by the simultaneous injection 
of immune scrum and liviug virus. In buffaloes this method is unsatisfactory, 
unless a large amount of serum combined with the least possible amount of virus 
is used (Schein 1917). Daubney (1928) states that formolized vaccines prepared 
from spleen pulp confer a high degree of immunity upon inoculated animals, but 
field inoculations with these vaccines have not yet been carried out. Pfaff (1938) 
recommends a vaccine made from dried goat spleen. Immunity is said to be 
established within 48 hours. This method has been used extensively on cattle 
and buffaloes, with promising results. 

African Horse Sickness 

African horse sickness is a highly infectious disease of horses and mules, char- 
acterized in the acute form by fever, general symptoms of illness, and pulmonary 
oedema ; in the subacute form by fever, constitutional symptoms, and the develop- 
ment of subcutaneous oedematous swellings around the orbits, and not infrequently 
on the forehead, head, chest, abdomen, back, and extremities. The incubation 
period is about 6 to 7 days. In South Africa the disease occurs annually during 
the rainy, warmer months, January to March, especially in low moist localities, 
and is accompanied by a high mortality. Natural infection is probably carried 
by mosquitoes (Hutyra and Marek 1926). The disease can be reproduced experi- 
mentally in horses by the subcutaneous or intravenous inoculation of small quan- 
tities of blood taken from infected animals. Blood, when diluted with saline, and 
filtered through a Berkefeld or Chamberland candle, still proves infective. More 
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tliaii one type of virus appears to exist. Prophylactic inoculation may be accom- 
plished by Theiler’s method, which consists in the injection of large quantities 
of immune serum intravenously, together with small quantities of virulent blood 
subcutaneously, followed by a second serum injection after the a])pearance of the 
febrile reaction. More recently, a specially developed neurotropic virus h<as been 
used. 

Infectious Anaemia of Horses 
Synonym : Swamp Pever. 

This disease, which is not to be confused with the swamp fever of human beings 
caused by Leptospira grippo-typJiosa (see Chapter 82), has a wide geographical 
distribution, occurring in various parts of Europe, the United States, Canada, 
Japan, and South Africa. It is most prevalent in low-lying badly drained districts, 
and reaches its maximum incidence during the summer months. The disease 
was shown by Vallee and Carre (1904) to be due to a filtrable virus, which is con- 
stantly present in the blood stream. By the gradocol membrane technique its 
size appears to lie between 18 and 50 nifi (Balozet 1939). Transmission probably 
occurs by biting flies — Slomoxys calcitrans. The disease can be reproduced experi- 
mentally by biting insects, but not by contact or feeding. Equines are alone 
susceptible ; laboratory animals are refractory. The disease may be acute or 
chronic. The acute form is characterized by fever, extreme weakness, and con- 
junctival haemorrhages, the chronic form by general unthriftiness with extreme 
emaciation. Anaemia does not appear to be a prominent sign. Death may occur 
in acute cases. Horses may remain carriers for years. There is, as yet, no specific 
diagnostic test or therapeutic treatment for the disease (for references see Stein 
1935). 

Malionant Catarrh of Cattle 
Synonym : SnotsieJete. 

This disease occurs in various parts of the world, and is characterized by fever, 
catarrh of the oral, nasopharyngeal, and conjunctival membranes, general enlarge- 
ment of the lymphatic glands, and often symptoms suggesting involvement of the 
brain or cord. The mortality is subject to considerable variation. Post mortem 
examination of fatal cases often reveals petechial hsemorrhages in the stomach, 
mottling of the liver and kidneys, congestion and petcchiae in the respiratory 
mucosa, oedema of the lungs, enlargement of the lymphatic glands, and sometimes 
plate-like extravasations of blood on the surface of the brain. The disease is 
apparently caused by a virus, which can be transferred to rabbits and back again 
to cattle (see Daubney and Hudson 1936). 


Ephemeral Fever of Cattle 
Synonym : Three-day Sickness. 

This disease is widely distributed in tropical and sub-tropical parts of the 
Old World. When it was introduced into Australia in 1936, it swept through 
the^ country like a pestilence. It is characterized clinically by an incubation 
period of 2-10 days — most commonly 3 days — sudden onset, high fever, anorexia, 
shivering, and frequently lameness and nasal discharge. Becovery is rapid ; 
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relapses are uncommon ; mortality is low ; and tlie commonest sequela is prolonged 
locomotor disturbance. Blood is infective from the latter part of the incubation 
period to the fourth day after subsidence of the fever. The virus, which passes 
through a gradocol membrane of A.P.D. 0*7 //, is associated in the blood with the 
leucocyte-platelet fraction. Kept at 0° C., blood remains infective for 7 weeks, 
and when dried and frozen for over 12 weeks. The disease can be reproduced 
in cattle by intravenous inoculation of infected blood. Other animals are resistant. 
The natural mode of spread is unknown, but sandflies are suspected. The disease 
leaves behind it a solid immunity. In many respects ephemeral fever of cattle 
resembles dengue fever in man (for references see Curasson 1936, Mackerras et al. 
1940). 

Blue-tongue of Sheep 
Synonym : Catarrhal fever of sheep. 

This is a specific disease affecting sheep in South Africa. It is characterized 
by an incubation period of about 4 days, fever lasting 5-7 days, and a catarrhal 
inflammation of the mucous membranes of the mouth, lips, tongue, upper air 
passages, and alimentary canal, and often of the lamina and coronary band of 
the feet. The distinctive lesions in the mouth, which give the disease its name, 
do not appear for 7-10 days. The case mortality varies greatly. Blood is infective, 
even after passage through Berkefeld candles and after storage for 2 or 3 months 
under sterile conditions. The disease can be reproduced in sheep by parenteral 
inoculation. Infection is supposed to spread naturally by insects. Immunity 
can be conferred on sheep by inoculation with an attenuated virus — Theiler’s 
vaccine (see Spreull 1913). 

Naieobi Disease of Sheep and Goats 

We owe most of our information on this disease to Montgomery, (1917), who 
studied it naturally and experimentally. It occurs enzootically among sheep 
and goats in the Kikuyu country, becoming epizootic when large numbers of 
susceptible animals are brought together. Sheep are more prone to the disease 
than goats, and — curiously enough — native sheep are more susceptible than pure- 
bred animals. The disease is characterized by an incubation period of about 
2 days, a sudden rise of temperature to 105^-108'^ E., a fall to normal in 2 days 
followed by obvious illness, diarrhoea with sometimes blood and mucus in the 
stools, and — in fatal cases — death within 2-4 days of the onset of obvious symp- 
toms. At post mortem there is an acute hsemorrhagic gastro-enteritis, the spleen 
is enlarged, the gall bladder is distended with bile, and the trachea is congested 
and may contain blood-stained mucus. The case mortality in native sheep is 
about 70 per cent. The blood is infective during the fever and for a day after 
its fall. The infectivity is retained after passage through a Chamberland E candle. 
Though the urine may also contain the virus, infection does not appear to spread 
by contact, but is transmitted by the bite of the “ brown tick, EMpicephalus 
appendiculatus. Ticks can be infected in the nymphal as well as the adult stage, 
and there is some evidence to suggest that hereditary transmission of the infection 
may occur. Immunity to the disease persists for, at any rate, some months. 
Ko method of artificial immunization has yet proved satisfactory. The brown 
tick is also responsible for carrying Bast Coast fever in cattle. Dipping cattle 
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at a 3'day interval will help to clear the ground of ticks, and so diminish the risk 
to sheep of infection with the virus of the Nairobi disease. 

Epizootic Abortion of Mares 

In addition to infection with Salm, aborlus-equi or with streptococci, a form 
of epizootic abortion of mares has been described that appears to be caused by 
a virus. The disease is very contagious. Abortion occurs, after ]uofuse sweating 
but no other clinical symptoms, at the Otli to Jlth month. There is a slight 
vaginal discharge of short duration, with rapid and complete recovery of the 
mare. Dimock and Edwards (1936) observed several outbreaks in the United 
States. No bacterial cause could be found. In many of the aborted foetuses 
there was a clear yellow or reddish-yellow exudate in the pleural cavity, numerous 
small white foci of degeneration in the liver just beneath the capsule, congestion 
of the mesenteric and colonic lymph nodes, and petechial and lineal bmniorrhages 
in the heart. Pregnant mares, fed on fluids and tissues from infected foetuses, 
either before or after Seitz filtration, aborted in 18 to 34 days. Dimock and 
Edwards obtained doubtful results in their attempted transmission of the disease 
to guinea-pigs, but Miessner and Harms (1937) in Germany were ap])arently more 
successful. By subcutaneous and intraperitoneal inoculation of filtered material 
from the liver, spleen, kidneys, and stomach contents of aborted foetuses, they 
were able to reproduce the disease in pregnant guinea-pigs, and to carry on infection 
through 4 passages. 

Fowl Plague or Fowl Pest 

This is an acute infectious disease of fowls, and exceptionally of geese, which was 
studied by Landsteiner (1906) and Buss (1906). It does not appear to spread by 
contact, and the natural mode of infection is unknown. The incubation period 
is 3-5 days ; the symptoms consist of depression and dullness, darkening of the 
comb and wattles, and inflammation of the buccal mucosa. The disease lasts 
2-4 days, and is very frequently fatal (Hutyra and Marek 1926). The experi- 
mental disease may be produced in chickens by the inoculation, of blood, nasal 
secretion, or cloacal secretion in minimal quantities. Pigeons are resistant. The 
minimal infecting dose of fowls’ blood is seldom above 0*000,000,1 ml. Ferrets 
and rhesus monkeys are said to show some degree of susceptibility (Findlay and 
Mackenzie 1937). The virus is able to pass through porcelain candles, and accord- 
ing to Elford and Todd (1933) is 60-90 m/ji in diameter. Todd (1928a) finds that 
in the centrifuged blood of infected fowls the virus is contained chiefly in the 
leucocytic layer, the concentration in this layer being roughly 100 times that in 
the clear plasma or washed red blood corpuscles. Doerr and Gold (1932), how- 
ever, disagree with this, and bring evidence to show that the virus is adsorbed 
on to the red cells (see also Doerr and Seidenberg 1932). Attempts to cultivate 
the virus in defibxinated fowl blood have been unsuccessful, but Burnet and Ferry 
(1934) have grown it on the chorio-allantoic membrane of the developing chick 
embryo. In contrast to the Newcastle disease virus (see below), no focal lesions 
are found in egg cultures. Immunization experiments have been disappointing. 
Todd (19286) was able to protect fowls against at least 300,000 lethal doses by giving 
three injections at weekly intervals of a phenolized vaccine, but his results still 
await confirmation. Heated or formolized vaccines both proved unsatisfactory. 

Whether* the plague affecting birds of the thrush family, described by Maggiora 
and Valenti (1903), is related to fowl plague is uncertain. 



INFECTIOUS LARJNQO-TRACBEITIS OF FOWZS 


1969 


Newcastle Disease op Fowls 

This disease, whicii was described by Doyle in 1927, was first observed on a 
poultry farm near Newcastle-on-Tyne, but has since heen reported from many parts 
of the world. It is an acute, febrile, contagious disease of fowls, which resembles 
fowl plague, but differs from it in a number of particulars. In addition to general 
symptoms of sickness, there is an offensive watery diarrhoea, a mucous discharge 
from the nostrils and mouth, and, most characteristic of all, difficulty in respiration 
manifested by the long gasping inhalation through the half-opened beak. The 
incubation period is 1-11 days. The morbidity in infected flocks is very high, and 
the case mortality verges on 100 per cent. The disease can be readily transmitted 
not only to fowls, but also to pigeons, which it will be remembered are insusceptible 
to fowl plague. The causative agent is a virus, which, according to Burnet and 
Ferry (1931), is 80-120 m/i in diameter, and can be readily cultivated on the chorio- 
allantoic membrane of the developing chick embryo. The virus kills the embryo 
in 24—72 hours ; post mortem, haemorrhagic encephalitis and haemorrhagic lesions, 
particularly in the developing feather follicles, are striking features (Burnet 1942). 
Inoculated by the allantoic route, it multiplies abundantly, and the allantoic 
fluid gives the Hirst agglutination reaction with chicken red blood corpuscles. 
After intranasal inoculation into mice, it produces consolidation of the lungs. 
In these and some other ways the Newcastle virus closely resembles the influenza 
virus of man. It is not, however, pathogenic for ferrets, nor does it appear to 
be antigeirically related to the virus of influenza (Burnet 1942), though it behaves 
like it in many important respects and has in fact been responsible for one case 
of human infection (Burnet 1943). It is found in the body fluids, organs, and 
excretions of affected birds. Cross-immunization tests show that the fowl plague 
and Newcastle viruses are distinct. 

Ineectious Laryngo-tracheitis of Fowls 
This disease has so far been reported mainly from North America and Australia, 
It appears to have been first recognized and studied in the United States by May 
and Tittsler (1925), Beach (1931), and others. Hyperacute, acute, chronic and 
asymptomatic forms are recognized clinically (Seddon and Hart 1935). Affected 
birds suffer from difficulty in respiration. The head is elevated, the neck extended, 
and air is drawn in through the half-opened beak with a loud wheezing sound. 
During expiration the head is lowered, and violent fits of coughing may occur, 
accompanied by the expulsion of masses of clotted blood and mucus. Fowls of all 
ages are susceptible. The incubation period is 7-12 days. The morbidity in an 
infected herd is 50-90 per cent. The case mortality varies in different outbreaks 
from 5-90 per cent, averaging about 20 per cent. (Doyle 1933). The disease is 
contagious, and there is evidence that chronic carriers may play a part in keeping 
infection alive from one outbreak to the next (Gibbs 1933). Intratracheal inocula- 
tion of infective material into normal fowls readily sets up the disease, but pigeons 
are resistant (Seddon and Hart 1936). The causative agent appears to be a virus, 
which is said by Gibbs (1935) to pass through a membrane with an average pore 
diameter of 0*082 This means that the virus is smaller than that of fowl 
plague or the Newcastle disease. Burnet (1936) has cultivated the virus on the 
chorio-allantoic membrane of the chick embryo, on which under suitable conditions 
it gives rise to pocks. By counting the number of pocks developing after inoculation 
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with mixtures of virus and immune serum, he has been able to study the process 
of serum neutralization. The results suggest that epizootic strains are more readily 
neutralizable by serum than enzootic strains, even though no qualitative antigenic 
difference may be detectable between the two strains. According to Brandly 
(1937) the fowl-pox virus can develop on the chorio-allantoic membrane of the 
eggs of the chicken, turkey, duck, guinea-fowl, and pigeon, whereas the laryngo- 
tracheitis virus will grow in the chicken and turkey egg, but not in the duck, 
guinea-fowl, or pigeon egg. Fowls may be actively immunized against the disease 
by inoculation of virulent material into the cloaca and bursa of Fabricius. The 
resulting lesions are not serious, and leave behind them a substantial degree of 
immunity (Beaudette and Hudson 1933). The best time to vaccinate is between 
the age of 16 and 20 weeks (Gibbs 1936). For the differential diagnosis of the 
disease from fowl-pox, coryza, and A-avitaminosis, the reader is referred to Seddon 
and Hart (1935). 

Kligler and Perek (1942) have described a disease among chicks in Palestine, 
resembling infectious laryngo-tracheitis hut differing from it in its mildness. The 
disease spreads readily by contact, and can be reproduced experimentally by 
intratracheal or intraperitoneal inoculation with a Seitz filtrate of lung or tracheal 
mucus. The virus is present on the surface of the eggshell, where it can be destroyed 
by permanganate. 

Infectious Beonchitis of Chickens 

Beaudette and Hudson (1937) have described an epizootic disease which they 
think has probably been confused in the past with infectious laryngo-tracheitis. 
It affects young chicks — usually less than a fortnight old — is characterized by 
symptoms similar to those of laryngo-tracheitis, and is accompanied by a high 
mortality. At post mortem, the bronchi contain thick mucus or cheesy plugs, 
the abdominal air-sacs are turbid, and there is a fibrinous exudate in the peri- 
cardial cavity. The virus passes a Berkefeld W filter. It produces the disease 
on intratracheal or intranasai inoculation into young chicks, but not with regu- 
larity on subcutaneous or intramuscular inoculation. After a few passages, it 
grows well on the chorio-allantoic membrane of the developing chick embryo, 
but unlike the virus of Newcastle disease or of laryngo-tracheitis, it gives rise to 
no focal lesions ; the embryo, however, is killed. Serum from convalescent birds 
contains neutralizing Antibodies. There is no cross-immunity between infectious 
bronchitis and laryngo-tracheitis. 

Blue Comb of Chickens 

Synonyms : Pullet disease, X Disease. 

This disease has been observed in the north Atlantic and north central area 
of the United States. It affects pullets mainly 5~7 months of age, though chicks 
only 4 weeks old may be attacked. Turkeys may also suffer. The incidence is 
highest in the summer months. The morbidity and mortality in a flock are very 
variable. According to Jungherr and Levine (1941), who described the disease, 
the morbidity varies from 0*1 to 100 per cent, with a mean of about 20 per cent., 
and the case mortality from 0*2 to 53 per cent, with a mean of about 5 per cent. 
The disease is characterized by a fall in egg production and food consumption, 
darkening of the comb, droopiness, cyanosis, dehydration, diarrhoea or constipation, 
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and occasionally pyrexia. Patliologically, the chief lesions are focal necrosis of 
the liver, serous petechise, enlargement of the pancreatic islands, patchy muscular 
degeneration, and nephrotic changes in the renal glomeruli and tubules. Jungherr 
and Levine regarded the disease as an endogenous toxemia, but Waller (1942) 
has brought evidence in favour of a virus origin. From the blood of acutely 
affected birds he has isolated a filtrable agent that grows readily on the chorio- 
allantoic membrane of the developing chick embryo. Susceptible chickens inocu- 
lated with infected membrane become depressed and cyanotic in 3-4 days. They 
do not die but, if killed after 4-5 days, they show subcutaneous oedema, general- 
ized jaundice, hsemorrhages into the skeletal muscles, petechial hoemorrhages in 
other organs, congestion and swelling of the liver and kidneys, and acute catarrhal 
haemorrhagic duodenitis. Faces of experimentally infected birds are infective to 
other birds by the mouth. Intraperitoneal inoculation of susceptible chickens 
with a bacteria-free filtrate of infected faeces likewise reproduces the disease. The 
virus passes through a Chamberland L3 and a Seitz filter. Its relationship to the 
disease must await further inquiry. 

Virus Disease oe Owls 

A virus disease affecting the great horned owl {Bubo virginianus), and trans- 
missible experimentally to the same species and to the screech owl [Otus asio), 
has been recognized by Green and Shillinger (1936) in the United States. The 
disease is characterized by the formation of multiple abscesses in the liver, and, 
less constantly, in the spleen. Large intranuclear inclusion bodies occur in the 
hepatic cells. Nothing is known about other properties of the virus. 
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CHAPTER 89 


FILTRABLE VIRUS DISEASES— UoM/iuMcd 

E. GROUP CHARACTERIZED BY TUMOUR FORMATION 

The group of virus diseases characterized by tumour formation is of particular 
interest in affording a possible clue to tbe genesis of neoplasms. In this chapter 
we must confine ourselves to factual description ; but those who are interested 
in the wider aspects of the subject would do well to refer to the far-reaching specu- 
lations of Andrewes (19396) and of Rous (1943). 

Fowl Leuc.3emia 

This is an infectious disease of the blood-forming organs, associated with atrophy 
of the bone marrow and changes in the viscera. The disease may be transmitted 
to normal fowls, but not to other birds, by intravenous inoculation with the citrated 
blood of infected fowls. According to Ellermann (1921 ), the virus can pass through 
a Berkefeld candle. Ellermann found that one strain of virus gave rise to three 
different types of leucsemia ; (1) a myeloid type ; (2) a lymphatic type ; (3) an 
intravascular lymphoid type, characterized by intravascular deposits of lymphoid 
cells. An increase of virulence was noted during its passage through fowls, shown 
by a shortening of the interval between inoculation and death, from 15 to 20 weeks 
at the commencement, to 6 to 8 weeks at the end of the series of experiments. In 
spite, however, of the increased rate of killing, the infecting power of the virus, 
as judged by the proportion of successful inoculations, remained approximately 
constant at 20-40 per cent. Ellermann was unable to produce active immrmity 
to the disease by subcutaneous inoculation of virulent material. 

Furth (1932) found that infection could be transmitted by 0-000,001 ml. of 
cell-free plasma, and that the virus could withstand drying for at least 54 days. 
He also (1933) described a new transmissible strain of chicken leucosis which gave 
rise to (1) lymphomatosis with or without tumour formation, (2) myelocytomatosis 
with or without leucaemia, (3) endothelioma. The histology of the disease is beauti- 
fully illustrated in the monograph by Andersen and Bang (1928). 

Fowl Paealtsis 

Synonyms ; Lymphomatosis ; neurolymphomatosis. 

Though there is as yet no proof that this disease is caused by a virus, it may 
be well to make a brief mention of it here. The disease is common in both Europe 
and America. It affects particularly young birds, but may occur at any age. 
In many flocks it appears year after year. Some strains of birds appear to be 
more susceptible than others. The symptoms consist of asymmetrical paralysis 

1C>7« 



ROUS SARCOMA OF CHICKENS 


1977 


of the wings and legs, usually of slow onset, and more often spastic fhan flaccid. 
There is general loss of condition, and sometimes blindness. The disease is usually 
fatal, but recovery may occur. Pathologically, there is intense mononuclear 
cell infiltration of the nerves, especially the brachial and sciatic, leading to partial 
degeneration of the nerve fibres. The posterior root ganglia and, to a less extent, 
the spinal cord may be affected. Lymphomatous deposits, amounting at times 
to tumours, may be present in the viscera, especially the ovary. There is no 
leucaemia. The disease can be reproduced irregularly in normal birds by the 
intraperitoneal or intracerebral injection of unfiltered lymphomatous tissue. 
About 25 per cent, of the inoculated birds may develop symptoms, after an incuba- 
tion period of 2-4 months, but the rest remain healthy. By inbreeding, a strain 
of fowls may be obtained that are highly susceptible to natural or experimental 
infection. Passage of the virus through these birds results in an increase in its 
virulence with the production of an acute disease accompanied by inflammatory 
lesions in the heart and liver, and later by lymphomata. The evidence suggests 
that fowl paralysis is a chronic form of a disease that is partly or wholly symptom- 
less during the acute stage. Attempts to demonstrate a virus by culture on the 
chorio- allantoic membrane of the developing chick embryo have pelded inconclusive 
results (see Pappenheimer et al. 1929a, 6, Galloway 1929, McGaughey and Downie 
1930, Balling and Warrack 1936, Blakemore 1939, 1940). 

Ecus Sarcoma op Chickens 

Ecus (1911, Ecus et al, 1912, Ecus and Murphy 1914) described three trans- 
plantable sarcomata of fowls. Tumour I was a spindle-celled sarcoma that meta- 
statized freely and caused death in a month ; Tumour VII was an osteochondro- 
sarcoma ; and Tumour XVIII was a spindle-celled sarcoma with blood sinuses into 
which growth occurred.* Each of those three tumours could be transmitted to 
normal fowls by the inoculation of cell-free Berkefeld filtrates. Gye (1925), who 
worked with the Eous Tumour I, has recorded evidence from which he concludes 
that the active agent is a living filtrable virus, which can be cultivated anaerobically 
in tubes of Hartley’s broth to which 17 per cent, of rabbit serum, 0*2 per cent. 
KCl, and a fragment of chick embryo have been added. He believes that the 
tumour-forming activity of this virus is dependent on the presence of another, 
non-living factor, which determines the type of cell which is infected, and hence 
the type of tumour which is produced. This second, auxiliary agent he calls the 
“ specific factor.” The evidence in favour of the dual nature of the active agent 
in tumour-filtrates consists in the differential action of aerobic incubation and of 
various chemical agents. In an extensive series of experiments Gye found that 

(а) primary ‘‘ cultures ” incubated aerobically at 37° C. for 3 days were inactive ; 

(б) filtrates, obtained by passing the ground-up tumour tlirough a mixture of 
paper pulp and sand, when treated with chloroform, were inactive ; but that 
(c) the inactivated “ cultures ” and the chloroform-inactivated filtrates, when 
acting in combination, gave rise to typical tumours. Ho would regard the specific 
factor in the cultures ” as being destroyed by aerobic incubation, and the virus 
in the tumour filtrate as being destroyed by the chloroform. He would also extend 
the conclusions based on these results to malignant neoplasms in general. Gye’s 
results have not yet been completely con&med by other workers, and his 
hypothesis is still in the stage of discussion and experiment (Gye and Mueller 
1929, Amies and Carr 1939). 
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During the past two decades frcsli filtrable tumours of fowls and other birds 
have been described, and considerable interest has centred around their ootiology. 
McIntosh (1933) and McIntosh and Selbie (1939) have reported that tumours 
induced by tar may be transmitted to normal birds by cell-free filtrates ; and Selbie 
and McIntosh (1939) have found that the filtrability of fowl tumours may be 
increased by such procedures as proteolytic digestion or freezing and thawing, which 
presumably act by liberation of virus from the cells in which it is growing. The 
demonstration by Ledingham and Gye (1935) of what appear to be elementaiy 
bodies in infective filtrates, and the immunological studios of Andrewcs (1931, 
1932, 1933, 1936, 1939a), suggest more and more strongly that viruses, not differing 
in any important respect from those known to give rise to ordinary infectious 
diseases, play an essential part in the causation of these tiirnours (see Andrewes 
1934). The particle size of the Eous sarcoma virus has been determined by Elford 
and Andrewes (1935, 1936). By the gradocol membrane technique it appears to 
be 75-150 m/z in diameter, and by the centrifugation method GO -70 

Molluscum Contagiosum 

This is a contagious skin disease of man characterized by the formation of small 
red masses, which later take on a warty appearance, undergo necrosis, and discharge 
caseous material. MacCallum (1892) described peculiar bodies in material taken 
from the disease, which he regarded as due to nucleolar extrusion. They were 
later described by Lipschiitz (1907) as very small rounded bodies, about 0*25 g 
in diameter, arranged singly or less often in pairs. They can be stained with 
Loeffler’s flagellar stain or with Giemsa. These molluscum bodies wore at one time 
considered to be parasites, but are now generally regarded as inclusion bodies 
(Goodpasture and King 1927). The disease is apparently caused by a filtrable 
virus, since positive inoculation experiments in man have been reported with 
Chamberland filtrates of the tumour (Juliusberg 1905). 

Common Warts 

Numerous workers have recorded evidence which suggests that common warts 
are infectious. Jadassohn (1896) found that they could bo produced in human 
beings by experimental inoculation. More recently Wile and Kingery (1919), 
and Kingery (1921), in a small series of experiments, were able to produce warts 
by intracutaneous inoculation of human beings with a Berkefeld filtrate of a sus- 
pension of ground-up wart material. In one case the warts were carried over 
successfully for two generations. The incubation period varied from 4 weeks 
to 6 months. Venereal warts — condyloma acuminatum — are infective and are appar- 
ently caused by a virus (see Findlay 1930) ; occasionally they may become can- 
cerous. Warts are hot uncommon in animals. According to Findlay (1930), 
there is some evidence to suggest that they are species-specific. For example, 
dog waits^ failed to infect man, rabbits, mice, or guinea-pigs; and human warts 
were non-infective for dogs, rabbits, guinea-pigs, rats, or mice. 

Infectious Myxomatosis of Babbits 

Sanarelli (1898) described an infectious myxoma indigenous to rabbits of South 
America. The disease can be conveyed by inoculation of filtered material. Tumour 
masses appear quickly at the site of inoculation, and later at various other points 
in the subcutaneous tissue, as well as in the lymph glands and spleen. The disease 
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is very malignant and kills rabbits in 7 to 15 days. Rivers (1926-27) finds tkat 
botk epithelial and connective tissue are afiected, the epithelial cells being des- 
troyed, and certain of the connective-tissue cells undergoing proliferation. In the 
epidermal cells he describes small pink granular areas occupying the cytoplasm. 
They increase rapidly in size and form acidophilic masses often containing blue, 
round or rod-shaped, bodies. Lipschiitz (1927), who has made similar observations, 
regards these round or rod-shaped bodies as micro-organisms. 

The virus is widely distributed throughout the tissues, though most abundant 
in the swollen tissues and lymph glands. It is killed by heat at 50° C. in 15 minutes. 
It is quickly inactivated by a pH of less than 4-6. It withstands the action of 
glycerol for a year in the ice-chest. It is highly species-specific, and appears to 
be almost uniformly fatal for the domestic rabbit (see Rivers 1930, Findlay 1933, 
Hyde and Gardner 1933, Ledingham 1937). Relatively pure elementary body 
suspensions have been prepared by Rivers and Ward (1937). They have been 
shown to contain a soluble antigen, which may be demonstrated as a precipitinogen 
in the serum of infected animals. This antigen, which is a heat-labile protein, 
stimulates the production in rabbits of precipitins and agglutinins, but not of 
neutralizing antibodies (Rivers et al. 1939). By microscopical examination van 
Rooyen (19376) estimates the elementary bodies to be about 0*31-0*36 fj, in diameter, 
but other methods suggest a size of only 125-225 mju (see Mueller 1941, Stanley 
1943). The virus has been cultivated on the chorio-allantoic membrane of the 
developing chick embryo (Lush 1937, Hoffstadt et al. 1941). The relation of 
this virus to the virus of infectious fibromatosis of rabbits will be discussed below. 
A neurotropic strain of the myxoma virus has been developed by Hurst (1937) 
as the result of serial passage through the brain of rabbits. This strain does not 
prove fatal on intracutaneous inoculation, and the histological picture to which 
it gives rise differs from that of the parent strain. Animals inoculated with the 
neuromyxoma strain are protected against subsequent inoculation with the 
myxoma-producing virus. 

Infectious Fibromatosis of Rabbits 

This disease, which was first observed by Shope (1932) (see also Shope 1936a) 
in cotton-tail rabbits, is of the nature of a filtrable fibroma, which occurs in the 
subcutaneous tissue. It can be transmitted by filtrates of the tumour suspension 
to wild and domestic rabbits, but not to other animals. Cytoplasmic inclusions 
are demonstrable in the cells. The condition is non-fatal, and undergoes spon- 
taneous retrogression. The virus is resistant to glycerol, and is apparently different 
from that causing infectious myxomatosis. A very remarkable mutant strain 
has been derived from it which gives rise to acute inflammatory lesions instead 
of the usual proliferative changes (Andrewes 1936, Shope 19366, Andrewes and 
Shope 1936, Editorial 1936). Rabbits that have been inoculated intramuscularly 
with tar respond in an abnormal way to the infectious fibroma virus. Regression 
of the lesions produced by intradermal or subcutaneous inoculation of virus is 
much delayed, continuous tumour growth is not uncommon, and transformation 
to a fibrosarcoma may apparently occur (Ahlstrom and Andrewes 1938, Andrewes 
and Ahlstrom 1938). The diameter of the fibroma virus has been estimated by 
the gradocol membrane technique to be 125-175 m/^, and by the centrifugation 
technique 126-141 mfx (Schlesinger and Andrewes 1937). 

The remarkable relationship of the infectious fibroma virus to the infectious 
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myxoma virus of rabbits was first pointed out by Sbope (1932), who found that 
animals which had recovered from infection with the fibroma virus enjoyed a 
considerable measure of immunity to the myxoma virus. Conversely, rabbits 
that recover naturally from myxomatosis — and these are very few — are immune 
to the fibroma virus (Ledingham 1937). The meclianisin of this cross-immunity 
is not clear, but there is little douht that the two viruses agree closely in antigenic 
structure. Berry and Dedrick (1936) and Berry (1940) found that, if a mixture 
of myxoma virus, which had been inactivated by heating at 60°-80° C. for 30 
minutes, and of active fibroma virus was injected into a rabbit, myxomatosis 
resulted. This observation has been confirmed by several workers (for references 
see Gardner and Hyde 1942), but its interpretation is at present in doubt. Whether 
the fibroma virus undergoes transformation into the myxoma virus, or whether 
the apparently killed myxoma virus is activated by the living fibroma virus, the 
available evidence does not permit us to say. 

Infectious Papillomatosis op Babbits 

This disease has been described by Shope and Hurst (1933). It aiTect.s cotton- 
tail rabbits, and is characterized by the presence of warty or liorn-likc protuberances 
on various parts of the body. Infection can be transmitted in series through 
cottontail rabbits. Only a proportion, however, of these animals are susceptible, 
and in more than half of those animals in which papillomata do develop retrogression 
of the growths occurs sooner or later. Malignant change is rare. The domestic 
rabbit, on the other hand, is highly susceptible. Hot only do papillomata develop 
readily, but a considerable proportion of them undergo carcinogenic transforma- 
tion (Eons et al. 1936). According to Shope (1937), papillomatosis of the domestic 
rabbit cannot usually be transmitted by passage, nor is it easy to demonstrate 
the presence of virus in the growths (see also Kidd 1938). The papilloma virus 
can infect epidermal tumours induced by tar, and may bring about in them an 
abrupt change into carcinomata ; direct demonstration of the virus in the carcino- 
matous tumour has so far failed, but its presence can be shown by serological 
methods (Rous 1943). An even more rapid method of bringing about the carcino- 
matous state is to apply methylcholanthrene and tar to virus-induced papillomata ; 
the chemical agents appear to act, not as ordinary stimulants of cell proliferation, 
but as specific carcinogens affecting the virus (Rous and Friedewald 1944). 

The papilloma virus is filtrable through a Berkefeld candle, resists the action 
of glycerol, and is killed by exposure to 70° C. but not 67° C. for 30 minutes. By 
the gradocol membrane technique its size has been computed as 23-35 m/^, and 
by the centrifugation technique as 32-50 mpi (Schlesinger and Andrewes 1937). 
Studies by the electron microscope suggest that the particles are spherical and 
have a mean diameter of about 44 m/u (Sharp et al, 1942). Rabbits with experi- 
mentally produced papillomata are partly or completely immune to re-infection, 
and their serum has neutralizing and complement-fiixing properties (see Kidd 
1938). Artificial immunization by intraperitoneal injection of glycerolated or 
non-infective virus has been described (Shope 1937). 

Oral Papillomatosis of Rabbits 

Parsons and Kidd (1943) have met with a disease among domestic rabbits in 
New York City characterized by the occurrence of small, usually multiple, benign 
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papillomata on the under side of the tongue. They persist often for several months 
hut, unlike the Shope papilloma, do not become malignant. The disease can be 
reproduced in rabbits and horses, but not in other animals, by local inoculation 
of a tumour suspension. The resulting lesions are strictly confined to the oral 
mucosa — a site which is not affected by the Shope virus. Infection does not 
spread readily by contact. It is probably transferred from the mother to the 
young by suckling, and remains latent till it is activated by trauma or, experi- 
mentally, by tar. The virus passes through a Berkefeld N candle. In water- 
clear suspensions it is destroyed by exposure to 75° C. but not 65° C. for 30 minutes. 
In 50 per cent, glycerol Locke solution in the ice-chest it survives for 1-2 years 
at least. 

Hodgkin’s Disease 

Little is known of the mtiology of this fatal disease, in which characteristic 
histological changes are usually found in the enlarged lymph glands and lymphoid 
deposits. Gordon (1933, 1934, 1936) has described the reproduction of meningo- 
encephalitis in rabbits by the intracerebral inoculation of autolysed gland sus- 
pensions. Elementary bodies are said to be distinguishable in human material and 
in impression preparations of infected rabbit’s brain. Gordon’s test is said to be 
of diagnostic value in about 75 per cent, of cases of Hodgkin’s disease (van Rooyen 
1934, 1937a). The encephalitogenic agent is said to pass through British Berkefeld 
and Seitz EK filters ; to be inactivated by exposure to a temperature of 80° C. 
for 30 minutes ; to withstand 0-5 per cent, phenol at 37° C. for probably a week 
or longer ; and to be neutralized by the serum of a rabbit that has recovered 
from the infection (van Eooyen 1934). In considering the nature of this agent 
it is interesting to note that Friedemann and Elkeles (1933) reported the production 
of encephalitic symptoms in rabbits following intracerebral injection with bone 
marrow from cases of acute leucaemia and pernicious ana3mia. Friedemann (1934) 
demonstrated the presence of a similar property in normal human leucocytes 
bone marrow, and splenic tissue. MacKenzie and van Eooyen (1935) confirmed 
these findings, and concluded that the agent present in certain normal tissues, 
is indistinguishable from that present in lymphadenomatous glands. What the 
nature of this agent is, it is dijOhcult to say. Its resistance to heat, alcohol, and 
ether render it unlikely that it is a virus. Moreover, the inability to transmit 
the agent from one rabbit to another, and the susceptibility to re-inoculation of 
rabbits that recover, are points against its virus nature (van Eooyen 1934). Van 
Eooyen (1937a) sums up by concluding that Hodgkin’s disease is essentially a 
neoplastic process affecting lymphatic gland tissues. Whether or not a virus is 
concerned in the neoplastic activity must, for the present, remain an open question. 

It may be noted that Petzetakis (1936, 1937a, h) described the isolation of a so-called 
neurolymphophilic virus from a patient suffering from chronic suppurative lymphadenitis. 
Inoculated intraperitoneally into guinea-pigs, it gave rise to hypertrophy of the lymph 
nodes, Peyer’s patches, and spleen, and inoculated intracerebrally to a fatal meningo- 
encephalitis. Eabbits and spermophiles were also found to be susceptible. Petzetakis’ 
findings were not confirmed by B^quignon and Eeinie (1937). 

' It is of interest that organisms of the Brucella group have been isolated from 
the lymph nodes of patients suffering from Hodgkin’s disease (Poston and Parsons 
1940) ; but there is no reason to suppose that they are causally related to this 
disease. 
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CHAPTER 90 

THE NORMAL FLORA OF THE HUMAN BODY 

The normal flora of the human and animal body has received relatively little 
attention from bacteriologists in the past, and it is only within recent years that 
any serious attempt has been made to study it in detail. Before describing the 
organisms met with in difierent parts of the body, it is necessary to realize certain 
general principles regulating their distribution. Firstly, our conception of the 
normal flora depends very largely on the technique that is employed. A survey 
based upon examination of stained smears frequently gives results quite dillerent 
from a survey based on cultural examination. And the results obtained with one 
culture medium may difier widely from those obtained with another. The main 
reason for this difference is that every culture medium is more or less selective 
in its action ; it encourages the growth of some organisms and hinders or entirely 
prevents the growth of others. For example, very different pictures of the intes- 
tinal flora will be obtained on agar plates and on MacConkey plates ; on the 
latter medium the bile-salts will inhibit the growth of nearly all organisms except 
the Gram-negative coliform bacilli, whereas on agar numerous cocci. Gram-positive 
bacilli, and other organisms will develop as well. Similarly, very different pic- 
tures of the nasopharyngeal flora will be obtained if swabs from this region are 
plated (a) on ordinary agar, (6) on blood agar, and (c) on a selective medium such 
as Fildes’ agar. The method of incubation is of great importance; cultures 
incubated anaerobically will reveal a very different flora from those incubated 
aerobically. Incubation at 22® C. is unfavourable to the growth of many patho- 
genic species. 

Having realized the importance of the technique employed, it is necessary to 
understand that the term “normal’’ flora may be misleading. It is possible 
to give a description of the intestinal or nasopharyngeal flora which will apply to 
the great majority of adult persons living under particular environmental con- 
ditions ; but this description may not be applicable, or may apply only in part, 
to another community, consuming a different diet, or exposed to a different 
climate. There are certain bacterial species which, so far as our information 
goes, are constantly present in particular situations. Thus, Bact coli appears to 
be a normal intestinal parasite of man in all parts of the inhabited globe ; Sir, 
viridans is, so far as we know, always present in the nasopharynx ; and Stafk 
albus seems always to be present on'the normal skin. In addition to such constant 
constituents of the human bacterial flora, there are, however, very many species 
whose range is limited in space and time. Many of these species are potential 
pathogens, such, for instance, as the pneumococcus, the meningococcus, the 
influenza bacillus, and haemolytic streptococci, among the nasopharyngeal flora; 
but it is probable that many non-pathogenic species show a similarly localized 

1984 



THE NORMAL FLORA OF THE HUMAN BODY 


1985 


distribution. If our knowledge were more extensive than it is, we should probably 
be able to describe a. basal flora, ciiaracteristic of mankind under all conditions j 
a supplementary flora, varying in frequency, but ranging widely as normal para- 
sites of man ; and various species showing a restricted range or a temporary 
prevalence, conditioned by localized or transient environmental factors. This 
aspect of bacterial ecology has, however, received relatively little attention, except 
with regard to the incidence of a few important pathogenic species. If we include, 
among the normal flora of a particular region of the body, ail those bacterial 
species which may be isolated from any considerable sample of apparently healthy 
persons, we must note that this flora varies widely, from time to time, and from 
place to place. 

The nature of the intestinal flora, for example, depends on a number of factors, 
such as diet, gastric acidity, degree of peristalsis, external temperature, and so 
on. The predominant flora on a herbivorous diflers from that on a carnivorous 
diet ; in the upper part of the small intestine it is more copious in persons with 
gastric hypoacidity than in normal persons. Again, the flora of .the nasopharynx 
is constantly changing both in the same individual and in the same community. 
At one time, pneumococci and Pfeiffer’s bacilli may be present in large numbers 
in apparently healthy persons, whereas at another time they may be far less 
frequent. It must be realized, therefore, that, in the account which follows, we 
can make no attempt to give a complete description of the organisms that may 
be found in different parts of the body, or to indicate more than roughly their 
frequency and relative proportions. 

The species found in the regions of the body which are normally colonized 
by bacteria include those generally accepted as pathogens, those generally accepted 
as saprophytes, and many that are intermediate. We know very little of the 
nature of the association between the bacterium and the healthy host tissue in 
any of these three cases. We may regard all typical members of a pathogenic 
species as virulent, and postulate a high level of immunity, perhaps specific, in 
order to explain the prevalence of the organism in the normal flora ; or we may 
postulate a wide variation of virulence in the species, and assume a lesser virulence 
for the strains found in healthy tissue. For example, as we saw in Chapter 74, 
the ‘‘ carrier ” types of pneumococci appear to invade the lung tissue of carriers 
only when the host is subjected to debilitating influences, and the infective ” 
types may be carried by healthy people who have acquired an immunity to them 
(see, for example, Finland, Brown and Barnes 1940) ; and there are indications 
(Chapter 54) that the normal fusiform bacilli of the mouth may initiate ulcerative 
lesions in the mouth of vitamin-deficient animals. But except where there is an 
abnormally high specific antibody response to a species that occurs in the flora 
of normal tissues, any explanation in terms of a balance between the virulence 
of the pathogen ” and the resistance of the host is little more than a re-description 
of the observed state of affairs, though it serves to emphasize that the coexistence 
of bacterial with host cells is the result of an equilibrium between two sets of 
factors, and not merely a mutual indifference to each other’s presence. And by 
analogy with a large number of instances of biological associations variously 
described as parasitism, saprophytism, commensalism, symbiosis, etc., we may 
expect that the associations of saprophytes and healthy tissue cells are equally 
dynamic. 

Moreover, equilibria exist not only between host and normal ” flora, but 
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■between tbe different species within the honi ; and the association of various 
bacterial species on a given surface of the body is rele\aiit to any discussion of 
infection. It cannot be too strongly emphasized that none of those regions of 
the body, to which bacteria can gain entrance by the normal portals, provides 
a virgin soil in which any new-comer may flourish. It is just as impossible to 
ensure the proliferation of a particular bacterial spe(des by introducing it into 
the mouth, as it is to ensure a crop of a ])articular ])lant by scattering seeds in 
a field already occupied by a pre-existing plant-association. The new-comer 
will have little chance of survival, unless it is ada[)ted to occupy some definite 
place in its new environment. It is fairly certain that those ]>athogeuic bacteria 
which spread readily from host to host owe their capacities in this direction 
to their ability to colonize on skin or mucous surfaces, or to escape from the 
superficial environment to the underlying tissues. This question, in relation to 
the upper part of the respiratory and alimentary tracts, has been studied in some 
detail by Bloomfield and his colleagues (Bloomfield 1919, 1921, 1922a, 6, c, d, e, 
Bloomfield and Belty 1923a, 6, c, Felty and Bloomfield 1923). 

Normal Flora of the Alimentary Tract. 

The bacteria present in the mouth are subject to great variation both in 
number and in kind. Even the relatively clean and healthy mouth contains a 
considerable amount of detritus and other organic matter derived from particles 
of food, desquamated epithelium, pharyngeal mucus, and other sour/jes ; these 
provide nutriment for a diverse flora which is of necessity undergoing frequent 
change. Moreover, inflammatory processes of the teeth and gums are often 
present, favouring the growth of pyogenic bacteria. The saliva has apparently 
only a slight bactericidal effect, and it is perhaps surprising that, with so 
much organic matter in the mouth and so many organisms to grow in it, 
septic infections are not more common. There are probably throe main reasons 
for this : firstly, the saliva, though not conspicuously bactericidal, by its con- 
stant secretion tends to flush the mucous surfaces of the mouth, and wash off 
many of the adherent organisms, which, when swallowed, arc rapidly killed by 
the gastric juice ; secondly, the mucosa of the mouth has a remarkably good 
blood supply, and it is a general rule that the better the blood supply of a 
tissue, the less liable it is to invasion by pyogenic bacteria ; thirdly, as Bloom- 
field (1922c) has shown, there is a highly efficient mechanism, apparently dependent 
on suction currents, by which any bacteria introduced into the mouth are drawn 
directly backwards towards the cesophagus, avoiding the tonsils and posterior 
wall of the pharynx. Of the great number of different organisms found in the 
mouth and saliva, among the commonest are (1) Micrococci, some of which form 
pigment and some of which do not ; the non-pigment-forming micrococci include 
some that are anaerobic (Ozaki 1915) ; (2) Staphylococci, especially a white 
pigmented type ; (3) Streptococci, either of the a-hsemolytic type, such as Btr, 
mridans^ or of the indifferent type ; (4) Gram-positive bacilli, often arranged in 
chains, and belonging to the group of aciduxic bacilli, or of aerobic spore-bearing 
bacilli ; (5) Gram-negative bacilli, including organisms of the coliform and Froteus 
groups ; (6) Spirochaetes ; these are almost invariably present between the gums 
and the teeth ; several types have been described, such as Treponema buccalis, 
Treponema dentium, Treponema intermedium (Dobell 1912), Treponema micro- 
dentium, Treponema macrodentium (Noguchi 1912), Vincent’s spirillum, and Miller’s 
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Spirillum. Organisms of tlic Mctifioftiyccs und. FusifoTfyiis groups ar© not uncommon 
(see Brooke 1938, Kosebury, Epps and Clark 1944, and Chapter 18). 

The intestinal flora of the breast-fed infant is relatively simple, consisting 
largely of Lactohacillus bifldus ; this bacillus in the early weeks of life may con- 
stitute 99 per cent, of the total organisms in the fseces (Cruickshank 1925). There 
are in addition a few enterococci and Gram-negative coliform bacilli (Tissier and 
Dreyfus 1925). ^ Snyder (1940), who followed the changes in facal flora of infants 
from birth until some weeks after weaning, confirmed the predominance of L. 
bifldus in breast-fed infants, but found it also in 25 per cent, of the weaned infants. 
Conforms and enterococci were also present in the breast-fed, but their frequency 
increased with weaning, and at the same time clostridia and members of the 
Fusifonnis group became characteristic features of the f^cal flora. It is of interest 
that Staph, aureus was found in about 8 per cent, of the fseces at all stages — a 
frequency which may reflect the readiness with which the infant’s nose is colonized 
by this organism soon after birth (see nasal flora, below). 

The intestinal flora of bottle-fed infants is not so simple. L. bifldus is un- 
common ; on the other hand, another member of the aciduric group of bacteria 
— Lactobacillus acidophilus — is usually present in large numbers (Tissier 1900). 
Diflerent types of coliform bacilli, enterococci. Gram-positive aerobic spore-bearing 
bacilli and anaerobic bacilli, occur more or less abrmdantly. Two moderately 
pathogenic clostridia, Cl. capitovale and Cl. difficile, were first discovered in the 
stools of normal infants (Snyder and Hall 1935, Hall and O’Toole 1935, Snyder 
1937). 

In the adult, numerous workers have found that the empty stomach is generally 
sterile. Immediately after a meal it contains numerous organisms, which have 
been ingested with the food ; but these, with the exception of acid-resistant 
vegetative bacilli and sporing bacteria, appear to be killed ofi rapidly. If, how- 
ever, the motility of the stomach is excessive, or the acidity is below normal, this 
sterilizing efiect of the gastric juice is probably incomplete. Thus in cases of 
gastric disease — particularly of carcinoma — sarcinse, saprophytic bacilli, and other 
organisms may actually multiply in the stomach (Goodsir 1842, Oppler 1895). 
In the healthy adult there appear to be very few organisms in the duodenum 
and upper jejunum. Below this level they increase, and reach their maximum 
numbers in the large intestine. 

The organisms present in the upper part of the small intestine appear to consist 
chiefly of enterococci. In the lower part numerous other organisms are found, 
and in much larger numbers ; amongst these are Gram-negative coliform bacilli, 
staphylococci, various gelatin-liquefying organisms, sarcinse, yeasts, and sometimes 
aciduric bacilli (Niszle 1928). In the large intestine the flora is even more com- 
plex and numerous. The following organisms are commonly found : coliform bacilli 
of different types, enterococci, staphylococci of both the aureus and alhus varieties, 
anaerobic spore-bearing organisms such as Cl. welcMi and Cl. putrificum, aciduric 
bacteria inchiding L. acidophilus and L. brevis, thermophilic bacteria, spirochsetes 
(Werner 1909), and yeasts ; less frequent are Proteus bacilli, Ps. pyocyanea, organ- 
isms of the Friedlander group, and aerobic spore-bearers such as B. subtilis and 
B. mesenterieus. Hasmolytic streptococci of Groups D, B, C, F and G are occa- 
sionally found, Group D being the commonest (Smith and Sherman 1938). The 
proportion of anaerobic to aerobic bacilli in the intestine has probably been under- 
estimated by most workers. Anaerobic organisms appear, in fact, to be very 
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common in the fsoces, Eggerth and Gagnon (1933) and Eggertli (I93l)), examining 
65 specimens of normal stools, found that in nearly all of tliein the predominating 
organisms were obligate non-sporing anaerobes. The exac^t classilicaiion of these 
organisms was open to doubt ; some were Gram-positive and some Gram-negative. 
It is probable that they belonged partly to the and ])artly to the Xacto- 

bacillns giou-ps. These findings have been confirmed by Weiss and Rettger (1937), 
and Misra (1938). It may be noted that bacteria are said to make up l/4~l/3 
by weight of the faeces ; the greater part of them seem to be dead. 

It is of interest to consider why the upper part of the small intestine contains 
so few living bacteria. It appears that the “ cvuto-disinjectvng mechanism ” of 
the duodenum — as described by Arnold and Brody (1926)— is dependent on the 
acid derived from the stomach. In normal persons the H-ion concentration 
of the duodenum and upper jejunum is about pll 5*5-6*3. The gastric contents 
entering the duodenum are saturated to their full ])ulTer capacity, usually with 
an excess of free acid. The free acid is quickly neutralized by the bile, and by 
the pancreatic and intestinal juices ; the acid-bufforecl material is neutralized 
more slowly, and is chiefly responsible for maintaining the acidity of the con- 
tents of the upper part of the small intestine. In the presence of this degree 
of acidity few organisms are able to multiply ; but if, from gastric hypoacidity, 
the reaction of the duodenum becomes neutral or slightly alkaline, a rich bacterial 
flora develops. This can be imitated experimentally in dogs by injecting alkaline 
buffered solutions into the duodenum, by feeding with alkaline salts, or by raising 
the external temperature (Arnold and Brody 1926). 

Back and Woolpert (1932), obtained rather different results with monkeys. They 
found that Chromo. prodigiosum introduced by fistulso into different parts of the intestine 
disappeared just as rapidly as when given by the mouth and made to pass through the 
stomach. Estimations of pH at different levels showed that the stomach contents had 
a pH approximately of 4-5, the duodenal of 6--7, the jejunal of C~-7*5, the ileal of 6-7, 
the csecal of 5-7, and the descending colon of 5-5-7. In experiments in vitro a pH of 
about 4 was required to bring about a rapid reduction in the iminbcu of these organisms. 
This pH was met with only in the stomach. If, therefore, bacterial destruction occurs 
as rapidly in the intestine of the monliey as in the stomach, it is clear that acidity cannot 
be solely responsible. Bergeim has described two antibacterial mechanisms in the 
csecal contents of rats and man, one dependent on volatile fatty acids — formic, acetic 
and butyric — the other on HgS. At the pH of the csecal contents, butyrate from a high 
butter fat diet was found to act slightly on L. acidophilus or yc^asts, and more strongly 
on Bad, colif Proteus vulgaris, and salmoneUse. If rats on this diet were given CaCOs 
to raise the pH of the intestinal contents, the proportion of Bad, coli in the faeces increased. 
In concentrations that occurred naturally in the caecum of rats and man, H^S killed yeasts, 
and inhibited Bad, coli to some extent, but hardly affected L, acidophilus or the entero- 
coccus (Bergeim 1940, Bergeim et al, 1941). 

Provisionally we may conclude that in healthy persons the majority of the 
organisms ingested in the food and swallowed with the saliva are destroyed in the 
stomach by the gastric juice. The few surviving bacteria that pass through 
unharmed find the conditions in the duodenum and upper jejunum too acid to 
allow them to multiply. With their further passage down the intestine, they 
encounter progressively more alkaline conditions, and are able to proliferate 
accordingly (see Chapter 45). 

The variations of intestinal flora within mammalian species may be very great. For 
example, the normal flora of the guinea-pig intestine was found by Crecelius and Bettger 
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( 1943 ) to b© relatively simple ; a lactobacillus resembling L. acidophilus constituted 
approximately 80 per cent, of the total cultivable flora, the remainder being accounted 
for mainly by soil and air bacteria, yeasts, and an anaerobic sarcina, Coliform organisms 
and enterococci were seldom present. Again, according to Porter and Rettger (1940) 
the flora of the white rat on a normal mixed diet consists mainly of lactobaciUi and coli- 
form organisms ; very few docci are found. Lactobacilli were common in the stomach, 
where little else but yeasts were demonstrable. The bacterial content of the duodenum 
and jejunum was low, and no lactobaciUi were present. Coliforms and lactobaciUi were 
present in the lower parts of the small intestine, and abundant in the large intestine, 
where spore-bearing anaerobes also appeared. The lactobaciUi were generaUy reduced 
by meat, to some extent by other types of high protein diet, and by several days’ starva- 
tion. Except in the lower gut, it may be noted, there was Uttle correlation between 
the pH of the gut contents and the predominating flora. 

Origin of the Alimentary Flora.— Witkowski (1935), investigating the origin of 
the mouth flora, found that organisms could be demonstrated in the mouths of 
49 out of 50 infants shortly after birth. These comprised mainly Staph, albus, 
coliform bacilli, Doderlein’s bacillus, and streptococci. Examination of vaginal 
swabs from the mothers showed that these organisms were all present in the vagina 
in proportions corresponding fairly closely to those in the infant’s mouth. It seems 
probable, therefore, that the initial flora of the infant’s mouth is derived from the 
vagina of the mother. By 2-5 days after birth other organisms had appeared 
consisting, in decreasing order of frequency, of pneumococci, haemolytic staphylo- 
cocci, various types of streptococci, Friedlander bacilli, corynebacteria, sarcinae, 
and Gram-negative cocci. Comparison of these findings with the mouth flora 
of the mother showed a considerable degree of correspondence, suggesting that 
the infant had derived these additional organisms from the nasopharyngeal tract 
of its mother and other persons in its environment. 

The intestine at birth is either sterile, or contains a few bacteria ; infection 
rapidly occurs, partly from above and partly from below. 

Schild (1895) found that the anus became contaminated with organisms from the 
air, bath- water, and other objects with which it came into contact. Organisms could 
be demonstrated in the meconium sometimes within 4 hours of birth, and usuaUy within 
10-17 hours. When the anus was disinfected and covered with a sterile towel, the meconium 
remained free from organisms for 20 hours — ^by which time infection had occurred from 
the food. 

The sterility of the meconium observed by Schild was confirmed by several 
observers (see, for example, Passini 1932), though a number of others have culti- 
vated bacteria from 10-38 per cent, of samples examined soon after birth, indicating 
the possibility of small degrees of prenatal contamination of the foetus (Hymanson 
and Hertz 1917, Burrage 1927, Hall and O’Toole 1934, Snyder 1936). 

The Importance of Micro-organisms in the Intestine, 

It was at one time widely believed that the presence of bacteria in the intestine 
was essential for the life of the host, that they assisted in the digestive processes, 
and that without them much of the food taken in would be passed out of the body 
again in an unassimilable condition. This belief arose as a very natural deduction 
from Pasteur’s work on the microbial nature of fermentation. It was largely 
owing to Metchnikofi, who came to regard the intestinal flora with hostile sus- 
picion, that the possibility of maintaining life with a sterile intestinal tract began 
to be considered seriously. Numerous workers had already devoted themselves 
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to tlhe realization of this possibility ; notable amongst them was Seliottelius (1899, 
1902, 1908), who spent several years endeavouring to rea,r chicks under sterile 
conditions, and failed. Nuttall and Tliicrfolder (IbOb-Ot)) nuhi witli some success; 
they removed an embryo guinea-pig by C'msarean section, and maintained it un- 
contaminated for 8 days, after which tlie experiment Jiad to he given up owing 
to technical diffi-culties. They conviiK^ed themselv'cs, howevcu', tluit bacteria in 
the intestinal canal are not necessary for life — so long, at least., as an animal diet 
is provided. It was Oohendy (1912) who hnally siieeetahHl in showing that pro- 
longed life was possible under such conditions. P>v means of a specially con- 
structed apparatus, he reared chicks under completely stiuule coiniitions for from 
12 to 4:0 days, and found that they develojied and grew as well as control non- 
sterile chicks kept in a similar apparatus. The only (litU‘rt‘nee noted was that 
the food of the sterile chicks was less perfectly digested than tlmt of the control 
chicks ; but the sterile chicks made up for this by eating more. Cohendy con- 
cludes that life is possible with a sterile intestinal tract, but that the intestinal 
bacteria are probably of use in assisting digestion, flow far tiu', second part of 
this conclusion is applicable to man, whose diet cont»ains very mucli less indigestible 
material than that of the chick, it is impossible to say. Oobendy states that his 
sterile chicks survived exposure to moisture, Imiiger, and iliirst for several days; 
whereas normal chicks proved extremely siisci'-ptilik^ to such (‘.onditions. His 
explanation is that, as the chicks were free from all micro-organisms, they could 
not, however low their resistance might be, succumb infect.iou from the intestine 
or other parts of the body. 

It is easy to pass from the conclusion that liactcuua are unnecessary for the 
human organism to the conclusion that they are actively harmful. This is a 
transition that has been unjustifiably made. Wo have no space to discuss the 
question of intestinal toxmmia. The conception t.hat numerous ca.st‘s of ill-health 
and of actual well-defined disease processes are due. to the absorption, from the 
intestine, of toxic products elaborated by proteolytic micro-orgauiisms is a plausible 
one, but one that rests largely on unproven assumptions. Ifc is the almost com- 
plete lack of experimental evidence that renders the discussion of this subject so 
fruitless at the present time (see Discussion 1913, Dudgeon 192^)). 

The earliest method attempted in efforts to prevcuit i.ho possible absorption 
of toxins from the intestine, was the replacenumt of the putrefactive flora — 
anaerobic spore-bearers such as Ct sTorogems^ Cl, pntrifeum, and CL histolyticum ; 
aerobic spore-bearers such as B, mesentericus ; and organisms such as Proteus 
vulgaris and Ps. pyocyanea — by an organism of the aciduric group known as 
Lactobacillus hulgaricus. These attempts failed completely. It has since been 
found impossible to implant this bacillus in the normal intestine ; the con- 
ditions for its growth are unfavourable. Recent exjjcrimental work has shown 
that, in order to encourage the growth of a given type of organism in the in- 
testine, it does not suffice to administer such an organism by the mouth, but 
that it is also essential to give by the mouth, a sufficient quantity of a selective 
food material to enable it to flourish at the expense of other organisms. The 
replacement of a proteolytic by a saccharolytic flora-— aciduric bacilli, CL weUM% 
and the enterococcus — can be largely accomplished by feeding on a high carbo- 
hydrate diet. In rats it has been found that by giving largo quantities of lactose 
or dextrin in the diet, the intestinal flora can be so changed that it contains 90 
per cent, or more of aciduric bacilli (Rettger and Cbeplin 1921, Cannon and McNease 
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1923, Cruicksliank 1928). These two carbohydrates are absorbed very slowly, 
and consequently pass into the large intestine. They are there acted upon by 
the aciduric bacilli — notably L. acidophilus — with the formation of a large amount 
of lactic acid ; the presence of this acid is unfavourable to the persistence of the 
proteolytic bacteria. Without the supply of lactose, dextrin or milk the aciduric 
bacilli cannot be successfully implanted in the intestine, even though pure cultures 
are given in large quantity daily. In infants 12 per cent, of lactose must be added 
to whole cow’s milk or to lactic acid milk in order to convert the mixed intestinal 
flora into a lactobacillary flora similar to that found in the stools of breast-fed 
babies (Gerstley, Howell, and Nagel 1932). This is not the place to discuss the 
value of changing the intestinal flora in the treatment of constipation and other 
disorders, but we will refer our readers to the monograph by Rettger and his 
colleagues (1935). (See also Sanborn 1931a, 6, Kopeloff et al 1932, Weinstein et al 
1938.) 

In the normal human adult, Hving on a mixed dietary, no sharp division into proteolytic 
and saccharolytic bacteria in the faeces can be made. As Dudgeon (1926) points out, 
the term “ proteolytic ” is often used without any definite understanding of its conno- 
tation. Many workers include Bad. coli in the proteolytic flora, which is quite inad- 
missible ; Proteus vulgaris, and Ps. pyocyanea, both of which are proteolytic, are uncommon 
in the faeces ; anaerobic bacteria, such as Gl. sporogenes and Cl. putriflcum, are demon- 
strable in only a small proportion of samples ; while the Clostridium that is most commonly 
present, CL welchii, has only weakly proteolytic powers. Dudgeon lays emphasis on 
the importance of diet in regulating the intestinal flora (see also Torrey 1930) ; he would 
regard, in fact, the normal flora as being determined largely by the number of organisms 
ingested, and by the favouring or inhibitory effect of various articles in the dietary on 
the multiplication of one or more types of bacterium already present in the intestine. 
In the practical examination of the intestinal flora, he considers it essential for the patient’s 
diet to be rigidly controlled, and for several methods of investigation — microscopical 
observation of films stained by different methods, and aerobic and anaerobic cultivation 
in different media — to be employed. 

Intestinal Bacteria as Food-stuffs. Although the limited experiments with 
animals reared in a sterile environment indicate that bacteria are not necessary 
for the human organism, there is growing evidence that in certain circumstances 
the intestinal bacteria may contribute to the well-being of the host. 

Thus, on diets deficient in members of the Vitamin B complex, an increase in these 
vitamins, in some cases up to VO-fold, has been demonstrated in the rumen of cows and 
ewes (Bechdel et al. 1928, McEhoy and Goss 1939, Wegner et al. 1941). Bechdel found 
a flavobacterium, constituting 90 per cent, of the flora of the rumen, which proved to 
be a potent source of the B comiflex when grown in a vitamin-free medium. Again, in 
a number of heifers fed with urea and carbohydrate, protein was synthesized, apparently 
by various iodophilic bacteria, in amounts sujBflcient to satisfy a substantial part of the 
protein requirements of the animal (Pearson and Smith 1943, Smith and Baker 1944). 

The synthesis of vitamins in substantial amounts is not a peculiarity of bacteria in 
the rumen of herbivores, Bi vitro, the intestinal bacteria of man — ^for instance Bad. coli 
and Bad. aerogenes — synthesize biotin, riboflavin, thiamin, nicotinic acid (Burkholder 
and McVeigh 1942) and Vitamin K (Dam et aL 1941). Synthesis in vivo has been demon- 
strated in two* ways, namely by noting the continued excretion of a vitamin in an animal 
upon a vitamin-ffee diet — depletion of the body reserves being excluded as a possible 
source ; and by the induction of avitaminosis by partial sterilization of the intestinal 
contents with sulphaguanidine or succinyl sulphathiazole, followed by the cure of the 
avitaminosis during drug-therapy by giving adequate doses of the appropriate vitamin. 
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The sulphonamide is said to act by reducing tlie nuinher of vitamin -synthesizing bacteria, 
or (Gant et al. 1943) by reducing their abibty for synthesis. 

The results so far obtained by these methods strongly suggest that in the alimentary 
canal of the rat. Vitamin K (Black et aL 1942), biotin, folic acid (Nielsen and Elvehjem 
1942), the B-complex, Vitamin E (Daft and Sebrell 1942), and possibly certain essential 
amino-acids (Martin 1944) are synthesized by bacteria and used by tlie host. In man, 
a similar dependence upon intestinally-synthcsizcd thiamin (Najjar and Holt 1943; 
but see Alexander and Landwehr 1945), riboflavin (Najjar et al. 1944) and nicotinic acid 
(EUinger, Coulson and Benesch 1944) has been demonstrated. It is not yet known 
whether the intestinal organisms need minimal quantities of the vitamins in the diet 
to initiate the synthesis. Nor is it known whether the vitamins so manufactured are 
necessarily absorbed as such ; but we may note the suggestion of Petri, Norgaard and 
Bandier (1940) that the synthesis of co-enzymes I and II from nicotinic acid, of cocar- 
boxylase from thiamin and of riboflavin from fiavoproteins, takes place in the stomach. 

As we have seen in Chapter 54, the fact that a substantial amount of the vitamin 
or food requirements of an animal may be satisfied by the bacteria in its alimentary 
canal afiects the interpretation of a good deal of recorded work on experimental 
variations of diet. It also throws light on the association of deficiency states 
with diarrhoeal syndromes, and with prolonged tlierapy of intestinal infections 
with drugs like sulphaguanidine and succinyl sulpliathiazolc. 

Intestinal bacteria may also destroy essential food-stuffs. Thus, in the absence 
of a more readily fermented carbohydrate, Bact. coli and a number of other intestinal 
species will decompose Vitamin C iji media containing organic nitrogen. It is 
not known to what extent dietary Vitamin C is destroyed in the alimentary canal, 
but the hypothesis of its decomposition by bacteria is in accord with the observa- 
tion that certain scorbutic patients respond to injected, but not to oral, Vitamin C 
(Young 1942, Young and James 1942, Young and Rettger 1943). Again, nicotinic 
acid may be utilized as the sole source of nitrogen by organisms of the Pseudomonas 
group and by certain chromobacteria, though in the absence of nicotinic acid, 
these organisms synthesize the vitamin (Koser and Baird 1944 ; see also Benesch 
1945). The production of a vitamin by the intestinal flora will clearly be deter- 
mined by a multiplicity of factors, of which the presence of vitamin-producing 
and vitamin-destroying bacteria is only one ; and the determination of these 
factors presents an exceedingly complex problem in bacterial ecology. 

The Normal Flora o! the Respiratory Tract. 

For our present purpose we may divide the respiratory tract into three sections : 
an upper part, including the anterior and posterior nares and the nasopharynx ; 
an intermediate zone, common to the respiratory and alimentary tracts, in- 
cluding the oropharynx and the tonsils ; and a lower part, including the larynx, 
trachea, bronchi and lungs. 

The bacterial flora of the nasal passages difiers in several respects from that 
of the nasopharynx. It is less copious : if swabs are taken from the nose and 
nasopharynx of a sample of normal persons, and plated on some suitable medium, 
the nasal swabs will give the lower colony counts, and the difierences observed 
are often striking. Qualitatively, diphtheroid bacilli and staphylococci — both 
Staph, aureus and albus — axe far more frequent in the nose than in the nasopharynx, 
while Str. viridanSj indifferent streptococci, and Gram-negative cocci of the 
N. pharyngis type, are far less frequent. These non-hmmolytic streptococci and 
Gram-negative cocci appear to constitute the basal normal flora of the naso- 
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pharynx in most communitieSj so far as this is revealed by the usual methods 
of cultivation ; and it would seem that the flora of the oropharynx is composed 
mainly of the same species (Neumann 1902, Shibiey et al 1926, Noble et al. 1928, 
personal observations). 

It would appear (Calamida and Bertarelli 1902) that the accessory nasal 
sinuses are normally sterile. According to Thompson and Hewlett (1896), the 
trachea and bronchi contain few, if any, bacteria. It is, of course, clear that a 
certain number of bacteria must be drawn through the larynx with the inspired 
air ; but it would seem that the highly efficient filter provided by the tortuous 
nasal passages removes the great majority of the bacteria entering the nose. Those 
which penetrate beyond the vocal cords are promptly removed ; in part perhaps 
by being swept upwards again by the cilia of the lining epithelium ; in part by 
being caught up in the mucous secretion, and subsequently removed by expectora- 
tion ; in part by removal, via the lymphatics, to the regional lymphatic glands. 
In any case it would appear that, in healthy persons, and under normal conditions, 
there is no permanent bacterial colonization of the tracheal or bronchial mucosa 
(see Nenninger 1901, Paul 1902, Quesnil 1902). 

The diphtheroid bacilli and staphylococci which are usually present in cultures 
from the nose, and the non-haemolytic streptococci and Gram-negative cocci of 
the nasopharynx and tonsils, are seldom the only species isolated from swabs 
taken from these situations. Various other species, including many potential 
pathogens, are often found. The relative frequency of three such species — Str. 
pneumonicBj haemolytic streptococci and H, influenzce — ^in the nose, nasopharynx, 
tonsils, and oral cavity in general, is shown in Table 192. 


TABLE 192 

Showing the Frequency of certain Bacterial Species in the Nasopharynx, Nose, 
Tonsils and Oral Cavity among a Sample of the General Population (Report 1930.) 


Group. 

No. of 
Swabs. 


Pneumo- 

coccus, 

H. influ- 
enzce. 

Haemolytic 

Streptococci. 

Gram-nega- j 
tive Cocci, j 

_ . . . 

I and II . 

412 

Nasopharynx 

Nose 

Per cent. 

40-98 

16-79 

Per cent. 

59-01 

11-68 

Per cent. 
7-77 
0-05 

Per cent. 
97-09 
12-11 

Ill . . 

137 

Nasopharynx 

Tonsil 

42-34 

44-63 

69-54 

64-89 

I 

6-84 

6-11 

97- 08 

98- 54 

IV . . 

262 

Nasopharynx 

Mouth-wash 

49-80 

26-70 

1 

61-01 

25-10 

11-90 

11-95 

95-24 

94-82 


These figures were obtained during an investigation carried out in Manchester between 
1926 and 1927, and refer to a series of observations in which swabs were taken from 
the nasopharynx of a large number of persons over a total period of 2 years. In a 
proportion of these persons a second swab was taken at the same time, from the nose in 
two groups, and from the tonsils in a third group ; in a fourth group a general mouth- 
washing was collected and examined, at the same time as the nasopharyngeal swab was 
taken. Cultures were prepared on blood agar and Mdes’ agar, and mice were inoculated 
intraperitoneally with each specimen. Figures showing the frequency of Gram-negative 
cocci are included for comparison. It will be noted that all these species were far less 
frequent in the nose than in the nasopharynx. This difference is particularly striking 
in the case of the normal Gram-negative cocci ; but it is clear that there is far less 
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tendency for tKe pathogenic species to vegetate in the nose than in the nasopharynx. 
Mouth-washing, in this series of cases at least, appears to be a less effective method of 
isolating the pneumococcus or the influenza bacillus, but equall 3 ^ (‘ffeetive as regards 
the hgemolytic streptococci, or the Gram-negative cocci (see also ({uiulel and Linden 
1931, Gundel and Okura 1933, Gundel 1933). 

It must not be supposed that these are constant figures. They liiuTiiatc rather 
widely from time to time and from pdace to place. Thus tlie misopliaryngeal carrier 
rate of hsemolytic streptococci may vary from zero to 20 per cent, in a sample 
of the normal adult population subjected to repeated swabbing. The fluctuations 
in pneumococci and influenza bacilli are usually smaller. 

Table 193 summarizes the results of a large survey by Straker, Hill and Lovell 
(1939), which included a group of adults sampled at intervals over a period of 
seven years. In children, the pneumococcal carrier rates tended to be higher 
than those recorded in the table, but otherwise the rates were not significantly 
different. 

TABLE 193 

Showing the Cahrieh Rates for certain IIactertal Srecihs in the Nasopharynx 
AND Nose for a Group of Adults in an Ukhan Tcpulviton 


Organism. 

Naf>npb:iryi^gi‘iU 

Carrier 

! 

Nasal 

Canier Jlato. 


Per coni. 


i^er cent. 

Str, pneumonicB 

20-40 


5-15 

Haemolytic streptococci 

.7-15 


< 1 

H. infiuenzoe 

40-80 


5-10 

N, meningitidis 

Gram-negative cocci other than 

5-20 


0-4 

iV. meningitidis 

90-100 


0-15 


The rates varied to some extent with the season. In the nasopharynx, pneumococci 
and to a slight extent H. influenzee were found more fre(|uently in cold, damp seasons 
than in the dry hot periods ; in the nose a similar, but more ddiniie seasonal variation 
occurred. There was some evidence of an association betwecTi these two organisms, 
whose colonization of the nasopharynx appears to be fairly constant ; in the damper 
colder seasons, they appeared more frequently in the nose of living persons, and in the 
trachea of persons who had died from a variety of causes. Thai is, in the summer months 
the organism was confined largely to the nasopharynx, but in late wintiu* and early spring 
it tended to colonize downwards into the trachea and forward into the nasal cavity. 

The carrier rates for haemolytic streptococci in the throat arc substantially the same 
in other countries as in Great Britain (see, for example, Bryce and l\nvsley 1938, Wu 1941, 
Boisvert 1942, and Chapter 66). An association of high carricu’ rates with the posses- 
sion of tonsils, both in children and adults, has been noted by a numb( 5 r of workers. 
Thus, Burpee (1937) in an institutional survey records a rate of 27-3 per cent, in persons 
with tonsils, and 10*3 per cent, in those whose tonsils had been removed (sec also Chester- 
man and Scandrett 1940). Of the haemolytic streptococci isolated from the throat, a 
large proportion belong to Lancefield’s Group A. The proportion varies from 20-70 per cent, 
(see, for example, Fleming 1939, Pomales-Lebron 1940, Harper and Williams 1044), some 
of the remainder belonging to Lancefield’s other groups. It appears that Group A strepto- 
cocci colonize the tonsils more readily than other haemolytic streptococci, for in tonsils 
excised as a routine, Macdonald and others (1940) found Group A streptococci over three 
times as frequently as those of other groups. Rantz (1941) obtained similar results, and 
suggested that streptococci other than Group A were to be regarded as transient inhabitants 
of the superficies of the tonsil, while Group A were colonizers of the tonsillar crypts. 
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Such, studies often show a striking tendency for any given individual to main- 
tain a characteristic nasopharyngeal flora over a considerable period of time. 
For instance, it is found that one person may carry one or more given types of 
pneumococcus in the nasopharynx over a period of months and years. Moreover, 
when pneumococci are isolated from a carrier after a long period, during which 
samples have given negative results, the newly appearing pneumococcus is of the 
same type as that originally isolated. In other cases, there may be replacement 
of one type by another (Gundel and Schwarz 1932, Straker, Hill and Lovell 1939, 
Smillie et al. 1943 ; see also Chapter 77). 

In recent years, it has become clear that potentially pathogenic Staph, aureus 
must be included in the normal flora of the anterior nares. Carrier rates of 20 to 
50 per cent, are recorded for healthy adults, and rates up to 80 per cent, for healthy 
nurses working in hospitals or institutions (see, for example, Hallman 1937, McFarlan 
1938, Bartley 1941). In most cases, large numbers of Staph, aureus are present, 
and there are indications that the carrier state is relatively persistent (Miles et al. 
1944), even in persons from whom the cocci are isolated only intermittently, and 
that the true carrier rate is in the region of 75 per cent. 

The characteristic nasopharyngeal flora, with its basic constituents such as 
streptococci of the viridans type and N. pharyngis, together with the fluctuating 
population of potentially more pathogenic bacteria, is established soon after birth ; 
and there is no doubt that the infant derives these organisms from the adults or 
older children in its immediate entourage. 

Gundel and Schwarz (1932) have recorded an interesting study of this problem. They 
examined 426 nasopharygeal swabs from 51 mothers, 645 from their new-born infants, 
and 66 swabs from nurses in attendance. In accord with earlier observations they found 
that the nasopharynx was sterile at birth ; but in the first 2 days it became colonized 
by the usual viridans streptococci, Gram-negative cocci of the pharyngis type, occasional 
diphtheroid bacilli and a certain number of coliform bacilli. By the 2nd or 3rd day 
pneumococci and influenza bacilli were often present, and their frequency was found to 
depend on their distribution among the adults in immediate contact with the child, and 
particularly on their presence or absence in the mother. By serological typing it was 
often possible to establish the identity of the type of pneumococcus present in the child 
with that present in the mother (see also Kneeland 1930). 

In the same way, infants rapidly acquire Staph, aureus from their surroundings. Our 
colleagues, Dr. Cunliffe and Dr. Stokes (personal communication), have found that within 
a few days of birth infants in maternity homes and hospitals become heavy nasal carriers, 
apparently acquiring this organism from nasal carriers among the mothers or nurses ; 
carrier rates in young infants may be 100 per cent. In older children lower rates are 
recorded, but they are often higher than those in adults (see McFarlan 1938). 

Yarious workers have described the presence of small Gram-negative, 
filter-passing, anaerobic bacilli, in suspensions obtained by washing out 
the nares, nasopharynx and oropharynx with sterile broth (Olitsky and 
Gates 1921a, 5, Olitsky and McCartney 1923, Mills, Shibley and Dochez 1928, 
Garrod 1928, Burky and Freese 1931). The evidence suggests that these strains 
may be differentiated into several distinct types ; but they have not yet been 
submitted to detailed study from the systematic point of view. The so-called 
Bacterium pneumosintes, at one time regarded as a possible cause of epidemic 
influenza, apparently belongs to this group. The data at present available with 
regard to the relative frequency of these bacilli in normal persons, and in those 
suffering from colda^ does not indicate that they play any significant rdle in such 



I99G 


THE NOBMAL FLORA OF THE HUMAN BODY 


infections. GarrocI (1928) lias also described the isolation, by the same', technique, 
of minute, Gram-negative, filter-passing, anaerobic coc‘ci 
The Normal Flora of the Vagina. 

An important distinction must be drawn between the flora of the vulva and 
vestibulnm on the one hand and that of the vagina j)roper on the otlier. Except 
immediately after parturition and during the first fi'w da,ys of the puerperium, 
the vaginal flora is quite distinct from that of the vulval flora. 

The vulva of the newly-born child is sterile ; organisms make their appear- 
ance in about 7 to 8 hours. The normal flora of the vulva is a rich and varied 
one, and depends largely on the organisms present in its immediate environment. 
According to Wegelius (1909) it consists of : (1) Obligatory aerobes and aerophilic 
bacteria, of which the chief types are pseudo-diphtheria bacilli and M. tetragenus. 
(2) Coliform bacilli. (3) Facultative anaerobes, usually more or less susceptible 
to acid. (4) Bacilli derived from the vagina, including jna-sts. (5) Obligatory 
anaerobes. On agar plates incubated aerobically the commonest organisms to 
form colonies are staphylococci, diphtheroids, enterococci, siiname, and coliform 
bacilli. Besides these organisms, yeasts — Oidium and Saccharoinyces — are very 
common ; and the smegma bacillus is not infrequently demonstrable in smear 
preparations stained with Ziehl-Ncclsen. Under anaerobic conditions of cultiva- 
tion numerous colonies appear, consisting of organisms that have as yet been only 
imperfectly studied. Pathogenic bacteria are uncommon. 

The normal flora of the vagina seems to depend largely on the glycogen content 
of the vaginal epithelium which, in its turn, is dependent on ovarian activity 
(Miura 1928, Cruickshank and Sbarman 1934). The vagina of the newly born 
child is sterile ; organisms make their appearance in 12-24 hours. At first they 
consist of staphylococci, enterococci, and diphtheroids, but these are often replaced 
in 2 or 3 days by a practically pure culture of Doderlein’s bacillus (sec Chapter 
31). At this time glycogen is demonstrable in the vaginal e[)ithelium, and the 
vaginal secretion itself is acid. The occurrence of glycogen appears to be due 
to the presence of oestrin derived from the maternal circulation. Soon this 
is excreted in the urine, glycogen is no longer demonstrable in the epithelium, 
Dodeilein’s bacillus disappears, and the vaginal secretion reverts towards alkalinity. 
From now on till puberty the vaginal secretion remains alkaline, and there is a 
varied flora of staphylococci, streptococci other than Str, pyogenes, coliform and 
diphtheroid bacilli. At puberty glycogen is again deposited in the vaginal wall, 
the secretion becomes acid, and Doderlein's bacillus establishes itself as the pre- 
dominant organism. The flora, however, still remains mixed and Doderlein’s 
bacillus is accompanied by many of the organisms that we have just mentioned, 
as well as by anaerobic streptococci, which appear to be commonly present in the 
female genital tract (see p. 596). At the menopause, when ovarian activity ceases, 
the conditions revert to those met with before puberty. Following parturition, 
and during the first few days of the puerperium, the vaginal flora resembles that 
of the vulva. At the time of parturition organisms ascend from the vulva to the 
uterus, where they may be demonstrated for several days (Wegelius 1909). 

The vaginal secretion has a marked bactericidal action (see Kiister 1929). To 
a large extent this may be ascribed to the presence of lactic acid, though other 
factors are probably concerned (Chapter 54). The lactic acid itself is derived 
from the glycogen, partly perhaps as the result of natural enzsymes, but mainly 
on account of the fermentative activity of Doderlein’s bacillus. (Further references i 
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Doderleiii 1892, Segre 1929, Cruiekshank and Baird 1930, Pettit and Hitchcock 

1933, Cmickshank 1934, Hardy 1941.) 

The Normal Flora of the Urethra, 

In the anterior nrethra of males occasional white staphylococci and. diphtheroids 
may be found, and a short Gram-negative diplobacillus, not to be mistaken for 
the gonococcus (Kutschcr 1909). The female urethra is either sterile or contains 
a few^ non-pathogcnic cocci. A saprophytic acid-fast bacillus, known as Myco- 
bacterium smegmaHs, is quite common in the preputial secretion both of males 
and females ; this organism may occasionally find its way into the urine, and 
be mistaken for the tubercle bacillus. 

Normal Flora of the Skin. 

Under this heading we shall exclude all the multifarious organisms that may 
at one time or another be found on the surface of the skin, the numbers and varieties 
of which depend largely on personal hygiene and environmental conditions. Price 
(1938) distinguishes this transient ’’ flora from the resident flora, which 
consists of a relatively few types of bacteria which seem to multiply freely on 
the skin, and particularly in the sebaceous glands. The resident ” flora, which 
can generally be cultivated without difficulty, contains large numbers of Gram- 
positive cocci. Of the numerous types that have been described much the com- 
monest is the white pigmented variety called by Welch (1891) Staphylococcus 
epidennidis albus (sec Chapter 25). Another variety, distinguished by its feebler 
biochemical activity, is found very frequently in scurf, and is known as Gordon’s 
scurf staphylococcus. Occasionally yellow-pigmented staphylococci are found, and 
sometimes sarcinm. The great majority of the cocci found on the skin are com- 
paratively non-pathogcuic both to human beings and to rabbits, but potentially 
pathogenic Staph, aureus is not infrequently found (Koch 1908). In moister 
parts, like the axillse and inguinal folds. Gram-negative bacilli often predominate. 

Staph, aureus is not uncommon on the skin of the face and hands, but less 
common on other parts of the body. The numbers present are usually small, 
but carrier rates of 5-24 per cent, have been recorded (Yierthaler 1940, Bartley 
1941, Smith 1941, Martin 1942). 

Skin carriage is more frequent among persons vrho are nasal carriers. Where 
typing of the Staph, aureus isolated has been possible, either by serological or 
by bacteriophage tests, similar types have been found in the nose and on the 
skin in the majority of cases (Gillespie et al. 1939, Miles et al. 1944). To some 
extent, therefore, it appears that the skin is continually infected by Staph, aureus 
from the nose. This organism is usually transient ” in Price’s sense, but, as 
Devenish and Miles (1939) showed, some persons carry Staph, aureus so deeply 
in the recesses of the skin that prolonged sweating is required to bring it to the 
surface. In these cases it appears to be a “resident” (see also Gillespie et al. 
1939, Vierthaler 1940). 

In Chapter 66 we have discussed Str. pyogenes as an occasional transient member 
of the skin flora. There is no reason to believe that it ever forms part of the 
resident flora of the clinically normal skin ; and indeed, in the light of Burtenshaw s 
(p. 1020) demonstration of natural fatty antistreptococcal substances in the normal 
skin, it seems unlikely that it could ever do so. 

Amongst the other organisms met with are occasional coliform and Proteus 
bacilli, and diphtheroids. The healthy skin appears to have some natural selfi 
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disinfecting mecliamsm which is responsible for the rapid tlisappearaiie,c of living 
organisms implanted upon it (see Chapter 45 and Oolebrook and Maxted 1933, 
Arnold and Bart 1934). 

In the skin lining the external auditory meatus, as well as tlu', usual sta,pliylo- 
cocci, diphtheroid bacilli arc not uncoininon, and soinetinu's saprophytic, acid-fast 
bacilli, derived from the cerumen, are met with. In the conjunctival sac, 
organisms are comparatively scanty, and consist chieily of dpihtheroids, such 
as C. xerosis. The conjunctiva may owe its relative freedom from bacteria, 
in part, to a highly potent lytic enzyme, called by Fleming and Allison (1922) 
lysozyme. These workers found that tears have a high bacliulcidal power, 
capable of dissolving certain saprophytic cocci in a dilution of 1/40,000. Further 
study showed that, with the exception of cerehrosjiinal fluid, sweat, and urine, 
this enzyme is distributed to a greater or less extent in pra,ctically all the human 
secretions and tissues, as well as in animal and some v(\geta.ble tissues. 

Testing the bactericidal power against a large nou-pathogenic coccus, called by them 
M. lysodeildicus, they found the blood scrum active iii a dilution of 1/270, nasal mucus 
and sputum in 1/13,600, and saliva in 1/300. Extracts of tissues made by grinding 
up 1 gm. of tissue with 20 ml. of saline showed that the livta* and tiui tonsil were active 
at a dilution of 1/400, the kidney and skin at about 1/400, while cariilag<‘ was active 
in 1/1,300. Lysozyme dissolves both dead and living organisms, and is more active 
as a rule against non-pathogenic than against pathogtmic bacteria. Its raugi^ of activity 
appears, however, to he very limited, as judgeal by the small mimljcr of bactt'rial species 
which it attacks (see Fleming and Allison 1927, Fleming 1021). and ('haplcr do). 

Bacteria in the Blood and Internal Organs. 

We have unfortunately very little information as to tlie occurrence of bacteria 
in the blood and viscera in healthy persons. The techiiiiuil limit Jitions of the 
usual method of performing blood cultures are such that small numbers of organisms 
may quite easily escape detection. Even if a sufiiciently large sample of blood 
is withdrawn, it is difficult to ensure that the few organisms contained in it will 
grow ; they may be destroyed by the bactericidal power of the blood or ingested 
by leucocytes. Moreover the blood that is examined is usually drawn from a 
peripheral vein, coming from one limited portion of the bo<ly, and not therefore 
so likely to contain bacteria as blood from, let us say, the piihnonary artery through 
which the blood from all parts of the body has to pass. It has Ixicn stated that 
bacteria frequently gain access to the blood stream under nonnal conditions, but 
are filtered ofi in such organs as the liver, lungs, and spleen, where they are 
destroyed by cellular and bactericidal action. We do not know how frequently 
this occurs, what the channels of transit are, or what bacterial species may be 
concerned. It is also stated that in the new-born infant the epithelial lining of 
the intestinal mucosa is deficient in places, and that passage of bacteria into the 
lymph stream and blood is very much more frequent during the first few days 
of life than it is subsequently. Whether the normal intestinal mucosa of the 
adult presents a constant barrier to the passage of bacteria is not definitely known ; 
nor is it known why some organisms are able to pass through it very much more 
easily than others. Experiments made by Arnold (1928) on dogs suggest that the 
permeability of the mucosa varies from time to time, and is influenced by such 
factors as the H-ion concentration of the intestinal contents and the amount of 
protein in the food. It is probable too that variations in the blood supply are 
of importance. There is, however, good evidence that organisms, particularly 
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streptococci, pass into tlie blood stream of patients suffering from focal infections 
in different parts of the body (Chapter 68). 

Examinations of normal mesenteric lympli glands have been few. It seems 
not improbable that bacteria of different types are frequently absorbed through 
the intestinal mucosa. Some of these are probably destroyed in the mesen- 
teric glands or the liver ; a few may perhaps make their way to the blood 
stream, from which they will be removed by phagocytic cells. In support of this 
possibility is the observation that the muscles and viscera of apparently healthy 
cattle and pigs not infrequently contain bacteria (Zwick and Weichel 1911 Keith 
1926). 

The now common diagnostic practice of sternal puncture also offers a means 
of exploring the bacterial content of the reticulo-endothelial system in healthy 
persons. So far, its bacteriological use has been confined to culture of marrow 
samples as an aid to diagnosis in infections where the blood culture is sterile. 
A wide fi.eld of experimental work is open to the student who is willing to study 
the distribution of living organisms in the tissues of apparently normal animals. 
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THE BACTEllI()LO(!V OF AH! 

In Chapter 59 we have already discussed the appiireiitly eonlhctin^L; views of Cornet 
and of Fliigge on the respective parts played liy dust and by dropleis in the spread 
of puhnonary tuberculosis. More recently observations in tins country and in 
the United States have focused attention on the jiait [)Iay(>d by aerial infection 
in the causation of other respiratory' iliseases. Work is now ])roreeding actively 
on aerial microbiology, and particularly on the ways in which si)i'ea<l of infection 
hy dust and droplet nuclei can be coiitrolled. We shall attempt to give a brief 
resume of the present position, and refer our readers for a fuller ac<;ount to the 
Symposium on Aerobiology bold at Chicago in 1942 (Report 1942). 

Outdoor Air 

The degree of bacterial coutainiiiatiou of the outside air depends on a number 
of factors, such as the density of the human and animal jiopulaiion, the amount 
of vegetation, the nature of the ground or soil, the temperature and humidity 
of the atmosphere, the extent and direction of wind currents, and so on. Aeroplane 
surveys (see Proctor 1934, 1935, Proctor and Parker 1938) sliow that bacteria 
in the upper air consist largely of aerobic aj)orc-bearing bacilli, and to a much 
less extent of organisms belonging to the Achromohadcrimn, Htuvina, and Micro- 
coccus groups, suggesting that they are derived mainly from soil and surface dust. 
These organisms can be carried vertically for several niih's into tll(^ air, and it 
is possible that they may also travel long distance-s horizontally. It is conceivable 
therefore, that certain resistant pathogenic bacteria like the anthrax bacillus, 
and viruses like the virus of foot-and-mouth disease, might bo transmitted from 
one area or country to another, and serve, on again reaching the ground, as infective 
agents for man or animals. There is, however, no evidence to prove that this 
is more than a possibility. On the contrary, most of our ob.servations suggest 
that infective material is seldom carried for more than short distancf^a Ijy air, 
or that, if it is, it is too diluted to cause recognizable di.seaso. Though auto- 
trophic bacteria may possibly undergo some multiplication in cloud areas, where 
moisture and traces of gases such as NHj and CO^ are present, it wiems extremely 
improbable that growth of pathogenic organisms is likely to occur in air. For 
the medical bacteriologist the importance of the flora of the outside air still remains 
to be demonstrated. On the other hand, the flora of the air inside buildings, 
where ventilation is limited, appears to play a major part in the causation of 
respiratory infection. 

Indoor Air 

Air-borne bacteria may be distributed in three different forms ; (a) attached 
to dust particles; (6) contained in gross droplets expelled from the nose and 
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moutli ; (c) present in droplet nuclei, whicli result from evaporation of the smaller 
droplets expelled from the nose and mouth. 

Dust consists ol varying sized particles of animal, vegetable, or mineral origin. 
The heavier particles fall rapidly to the ground, but can be stirred up by sweeping 
and draughts ; the lighter particles, which may be 1 ^ or less in diameter, remain 
more or less permanently suspended in the atmosphere. It has been shown by 
White (1936), Cruickshank (1938), Hare (194:1), Thomas (19416) and others that 
h 90 molytic streptococci may be found in the dust of wards harbouring cases or 
carriers of these organisms. Tubercle bacilli have often been demonstrated in 
the dust of sanatoria (see Pressman 1937). Wright, Shone and Tucker (1941) 
and Crosbie and Wright (1941) have demonstrated diphtheria bacilli in large 
numbers in floor dust collected near diphtheria patients. Under favourable con- 
ditions these three organisms have been shown to remain alive and virulent for 
many weeks. Dust from bedclothes is one of their most prolific sources. 

Since Flligge (1899) first drew attention to the role of minute droplets expelled 
from the mouth and nose of phthisical patients in conveying tuberculosis, the 
concept of droplet-borne infection has been widely applied to the transmission 
of resx^iratory disease in general. Of late years renewed interest in its mechanism 
has been stimulated by the studies of Wells and his colleagues in the United States 
(Wells 1934, Wells and Wells 1936, 1938). The observations of these workers, 
and of others such as Weyrauch and Ezymkowski (1938) and Jennison (1942), 
have amplified the earlier findings of Lange and Keschischian (1925) and Strauss 
(1926), and have thrown fresh light on the size and fate of droplets emitted from 
the mouth during sneezing, coughing, whistling, singing, and talking. A brief 
abstract of the earlier reports has already been given in the chapter on tuberculosis 
(p. 1313), but it will be well here to expand this description in the light of more 
recent work. 

During a sneeze it is calculated that something like 20,000 droplets are expelled, 
mainly through the closed teeth, at an initial velocity of about 150 feet per second 
(Jennison 1942, Hatch 1942). Their diameter varies from about 10 ju to over 
1 mm. The fate of these droplets depends on their size. The larger ones are 
projected some distance but fall to the ground before they can evaporate com- 
pletely. The smaller ones, owing to the greater ratio of their surface to their 
volume, travel only a short distance and evaporate quickly (see Table 194). 

TABLE 194 

Evaporation Time of Water Droplets in Unsattibated Still Am at 22° C. 

(Taken from Jennison 1942, modified from Wells 1934) 


Diameter of Droplet in fi. 

Evaporation Time in Seconds. 

2,000 

515*0 

1,000 

129-0 

500 

32*0 

200 

5*2 

100 

1*3 

50 

0*31 

25 

0*08 

12 

i 

0*02 


Droplets 1 mm. in diameter, if projected from the mouth of a man of averse 
height, fall in a curved trajectory and reach the ground in about 15 feet. On 
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the Other hand, droplets less than 0*1 nnn. in dianieter })<>.ss<-ss too little kinetic 
energy to enable them to travel more than a vcny short, distanee imrn the mouth, 
and are so little affected by gravjt.atioii that t'lu‘y evapoiMh' InOon' they have 
fallen to any appreciable extent. On evaporation, they bi'couie (‘ouverted into 
what Wells calls ^'droplet nuclei^' which behave very much hkc ininuti' particles 
of smoke. In absolutely still air they fall at, tin' rate of probably I to 3 ffet per 
hour, but in the ordinary atmosphere they remain suspeiidiMl almost indermitely, 
being dependent for their transportation on air currents. It lias been shown 
experimentally that micro-organisms a,t,taehed to droplet mielei an^ ra]>i(Uy dis- 
persed throughout rooms and even hiiildings, and are inhal(‘d hy anyone breathing 
air containing them (Wells and Wells i93t)). 

Trillat (1938) describes an interesting exjierinnmt in whhdi atomized one 
litre of a fluid suspension of Chromohadvrinm produjio^um in a (‘cntral court of 
the Pasteur Institute in Paris. A hundred agar plati^s (‘xposed for more 

than 100 metres around. Every single plate liecame intecti'd, even those placed 
to windward of the court. Droplet nuclei, when iiiliah'd, nm,v 1 k‘ {laught up by 
the nasopharyngeal mucosa, but, judging from the observations of Wells and 
Lurie (1941) on rabbits, a high jiroportion of them appear to reach the lungs. 
Available evidence, however, suggests that only particl(‘H less tha,n 10// in diameter 
are able to pass directly into the alveoli. Sinee it is (\stima,ietl that, ])robaby 
20-40 per cent, of droplets expelled in a stieeze are h\ss tluui bO u in diameter and 
therefore evaporate to droplet nuclei within a fraction of a setuind, it follows that 
something like 4,000 to 8,000 droplet luutei, many of ilnau ])robably containing 
bacteria of respiratory origin, result from a singh‘ sneeze.. (For ])hoiograplis of 
droplet expulsion in a sneeze, see Wcyrauch and llzymkowski 1938, Eourdillon 
and Lidwell 1941, Jennison 1942.) 

Droplets are also expelled, though in much snuiiler numbers, during e.oughing; 
as in a sneeze, the vast majority are not ])roje.cted more than 2 or 3 feet. In 
talking, particularly in the pronunciation of sharp consonants like p, h, t, f, k and s, 
droplets are often expelled through the teeth ; bh(‘ir averug(‘ size, is larger than 
.of those in a sneeze, but their initial velocity is lower, and few travel more than 
a foot. 

The part played by air-borne droplet nuclei in the sjin^ad of n^spiratory infection 
has been studied by Wells and Wells (1942), and is discnissed in Chapter 59. 

Measurement o£ Air Contamination 

Several methods have been devised for measuring the bacterial contamination 
of the atmosphere. The results given by different methods arc* often widely at 
variance, mainly because of the differences in methods of sampling. 

One of the simplest ways is to expose a series of agar plaices in diffenmt parts 
of the room for a given time. Under ordinary conditions the number of colonies 
that develop is determined mainly by the larger dust particles and droplets, which 
fall to the ground in a more or less vertical direction. Unless the air is quite 
plates are left for some hours, the droplet nuclei are scantily represented. 

In an attempt to obtain a more representative sample of the smaller suspended 
particles, Wells, Phelps and Winslow (1937) devised an air centrifuge in which 
the bacteria from large measured volumes of air are deposited by centrifugal 
force on to^ the sides of a rotating cylinder lined with nutrient agar. Though this 
machine picks out practically all particles having a settling velocity in still air 
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greater than 30 feet per hour, it has been found experimentally that recovery of 
the smallest particles of a finely atomized culture, having a settling velocity of 
about 1-8 feet per hour, is only about one-third complete (Wells, Phelps, Robertson 
and Winslow 1942). (See also Wells 1943.) A simpler apparatus was devised 
by Hollaender and Dalla Valle (1939), in which measured volumes of air are drawn 
through a funnel and allowed to play on agar plates ; and by Wheeler, Foley and 
Jones (1941), in which measured volumes of air are bubbled through broth in a 
flask, and the bacterial content of the broth is determined by plating. Various 
modifications of the Wells air centrifuge have been described by Finn and Powell 
(1942), who give an elementary mathematical treatment of the principle underlying 
its construction and use. 

A simple and effective device for the collection and counting of air-borne 
bacteria is BourdilWs slit sampler (Bourdillon et al 1941). Air is sucked tbxouc^li 
a slit 0-25 mm. wide and impinges on to the surface of a rotating agar plate immedi- 
ately beneath. The rate of suction is adjusted to 1 cubic foot of air per minute, 
and samples of 2-10 cu. ft. are collected, depending on the bacterial content of 
the atmosphere. Elliott (1941) devised an entirely different method, which has 
not yet been properly developed. Its essential features are first, the trapping of 
suspended particles by drawing the air sample through a water-vapour mist, 
and second, the condensation of water on any particles left in suspension by cooling 
the saturated air. This latter principle is derived from the Wilson cloud chamber, 
in which the path of electrons is made visible by depositing on them water droplets 
condensed from a saturated atmosphere by a sudden reduction in pressure. 

For estimating the degree of nasopharyngeal pollution of the air, Gordon 
(1902-03) long ago, in his study of the ventilation of the House of Commons, sug- 
gested that Sir. viridans should be used, in much the same way as Bact, coli is 
used for measuring the excretal pollution of water. This suggestion has been 
revived by American workers (Buchbinder et al, 1938, Wells, Wells and Mudd 
1939), and may prove of value as soon as a reliable selective medium is available. 
Str. viridans is also useful for testing the efficacy of bactericidal agents designed 
to destroy potentially pathogenic micro-organisms in the air. It can be sprayed 
into a closed room, and the disinfection rate estimated by plate counts on air 
collected at measured intervals. 

Measures for Controlling Air-bome Infection 

As Andre wes (1940) points out, no method for the control of air-borne infection 
is as satisfactory as proper spacing of individuals combined with adequate ventila- 
tion. These enormously reduce the risk of infection, whether from droplets, 
droplet nuclei, or dust. When they cannot be achieved, other methods may be 
tried as substitutes. As yet the study of counter measures to air-borne infection 
is still in its infancy. The brief summary that we give here can do little more 
than indicate the directions in which research is proceeding. 

Dust-bome Infection.— In hospital wards a large amount of dust is derived 
from blankets ; bacteria-containing particles of fluff are freely liberated whenever 
the blankets are shaken. These particles rapidly settle on the floor, but rise again 
in a cloud on sweeping. Van den Ende, Lush and Edward (1940) fomd that 
if the floor was treated with spindle oil, the dust particles became sticky and 
mutually adherent, so that they could be swept away without being dispersed 



2006 


THE BACTEia()LO(n'’ OF AIR 


again into tlie air. The efTect of the oil was ]uiroly inocluinical ; it had no gonnicidal 
action on the organisiins. Judged by the ininiber of haunolyi in sl rt^ptot'oetd cultured 
from the air after sweeping of the tloor, oil treat nu-ut pro\ ed \ <‘rv ettVip i\ e. Thomas 
( 1941 a), who studied tlie air flora in canteens and hospital wards ovtu' a period 
of some months, found that the result ot oil treatment ot uooden floors was to 
reduce the number of organisms dispersed into the a.ir on swis'ping hy about 
80 per cent. The oil can be applnnl to wooden or to linohaim floors, but not to 
rubber, cement, or concrete. A fresh appliiaition has to bt' made every 6 or 
8 weeks. 

Observations by van den Eude and Spooner (1941), }iowe\er, showml iliat, if 
bacterial contamination of the air iii hospital uanls was i-o ho adi'quaticly con- 
trolled, treatment of the floor alone was insuflleient.. The bedclot hes, [);irticularly 
the blankets, which constituted the source of tlie. luul to iu*. treated too. It 

proved possible to do this by soaking them in per emit.. Inpiid pa ratlin in “ white 
spirit,’' followed by removal of the excess in a hydroa'Kt ra.ct <n’ (see \an dtui Ende, 
Edward and Lush 1941). Woollen materials retained about 2-5 pi'r emit, of their 
weight of oil, and cotton materials about fl-f) ]ht emit-. : they wovo not. penHqflihly 
oily to the touch. In this way the heavy (‘ontaniinat ion of tln‘ air that normally 
accompanies bedmaking was avoided. Furt her work by va.n dmi Fude a.ud Thomas 
(1941) showed that liquid iiarallin in whiti^ spirit, could nqilaei'd by ti‘chnical 
white oil emulsified very finely in water by mmins of suitable wetting agents, 
which had the advantage of imparting to tlie bedidot.hes pot ent baiflmueidal activity. 
The use of these oil-in- water emulsions resulUni in a 99 [x'r (‘mit. reduiy.ion in the 
number of organisms liberated during bedinaking. In pra<*tiee, Wright, Oruick- 
shank and Gunn (1944) found that in order to cont.roi sirept.or.ot‘c,al cross-infection 
in measles wards it was essential to oil not only the floors, but also the }K‘dc.lothes, 
sleeping garments, towels and similar articles. When this was (^arriexl out 
thoroughly, a substantial reduction in tlie cross-iidectiou rat<^ a.mi in the middle- 
ear complication rate was effected (h'or teclmicpie of lauud(‘ring garments with 
oil, see Harwood, Powney and Edwards, 1914). 

Broplet-bome Infection. — When people are working in close eontac^t with each 
other, infection conveyed by droplets may be controllcxi to .some t*xtent hy the 
use of face masks. As demonstrated by actual pbot.ographs, ma.sks ma^le of 
fabric alone are not completely impermeable to the droph*t.s e.xfnflletl during sneez- 
ing ; the larger droplets become enmeshed, but many of the smalltT droplets pass 
through and are propelled for some distance into the air {Jtnmlmn 3942). On 
the other band, if a layer of cellophane is sewn into a pocket between the inner 
and outer layers of a double-folded muslin mask, the passage of bacteria is obstructed 
(see Bevenish and Miles 1939). It is very doubtful, however, whetlier any mask 
that can be worn with reasonable comfort can be relied on to pr(‘veut the inlialation 
of organisms in the form of droplet nuclei (Andrewes 1940). 

Infection carried by Droplet Nuclei. — Measures to control true aerial infection 
are designed to destroy the micro-organisms attached to droplet nuclei, which 
are floating freely in the atmosphere. Hitherto, the main lines of attack have 
been (1) by ultra-violet irradiation, and (2) by disinfectant sprays and vapours. 

1. Ultra-violet Irradiation , — The chief protagonists of ultra-violet irradiation 
have been Wells and his colleagues in the United States (Wells and Wells 1936, 
1938, Wells 1940, 1942, Wells, Wells and Wilder 1942), The method may be 
various ways, (a) Air may be xe-oirculated through ducts fitted with 
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S011XC6S of Til trci -violet Iiglit returned, to tlie room. Tiioiigli org 3 <nisms in 
droplet nuclei may be destroyed by this method, many of those attached to dust 
particles will resist attack and enter the room still viable. It is advisable, there- 
fore, to pass -the air first through a cloth filter to remove the dust particles before 
exposing it to the ultra-violet rays. In this form, the method may be of value 
for supplying air to operating theatres, cinemas, restaurants and railway coaches. 
(6) Provided the eyes of the occupants are screened, the room may be irradiated 
directly. Very satisfactory results have been claimed by Hart (1911) from the 
use of this method in operating theatres, (c) Instead of exposing the whole room 
to ultra-violet light, irradiation may be restricted to the space above the level 
of the heads of the occupants whose eyes therefore require no protection. This 
method has been used with apparent success in the control of air-borne infection 
in school-rooms (Wells, Wells and Wilder 1942) ; but observations by Schneiter 
and his colleagues (1944) in a training school for boys showed that ultra-violet 
irradiation of the upper air of the dormitories had no appreciable affect on the 
incidence of air-borne disease, as judged by hospital admission records, (d) So- 
called ultra-violet light barriers may be used in hospitals to prevent the air of 
cubicles from becoming infected with the air of the general ward. In conjunction 
with air conditioning, this method is said to have given satisfactory results in 
the Cradle at Evanston, 111. (Eosenstern 1942) ; but in an infants’ hospital at 
Boston it failed to diminish the incidence of cross-infection (Brooks et ah 1942). 
In Lurie’s (1944) hands an ultra-violet light barrier proved successful in preventing 
cross-infection of normal rabbits in one set of cages with tubercle bacilli from infected 
rabbits in adjacent cages. 

, 2. Disinfectant Sprays and Vapours . — In the early days of antiseptic surgery 
Lister introduced a carbolic spray to sterilize the air over the wound. It is doubtful 
how far it was effective. Hewlett (1939), for example, found that to kill typhoid 
bacilli on paper slips, it was necessary to vaporize 35 gm. of phenol per 1,000 cu. ft. 
of air, and even then an hour’s exposure had to be allowed. It is probable that, 
had the bacilli been atomized, a lower concentration of phenol for a shorter time 
would have proved effective ; but since more powerful germicides than phenol 
are now known, the interest of the carbolic spray is mainly historical. 

Though sulphurous acid and formalin vapours were used for terminal dis- 
infection in isolation hospitals and sick-rooms, little progress in the destruction 
of bacteria in the air of occupied rooms appears to have been made till Douglas, 
Hill and Smith (1928) showed that it was possible to bring about the rapid death 
of Bact. coli in the atmosphere by means of a sodium hypochlorite solution sprayed 
into the air in very high dilution. In spite of this impressive result, no general 
interest in the possibilities of aerial disinfection was aroused till the publication 
of Wells’s papers in 1934 and 1936 on the nature and significance of air-borne 
bacteria in the causation of respiratory disease. In 1938 appeared Trillat’s paper 
on bacterial aerosols, and Masterman’s paper on the purification of the air of 
inhabited rooms by a hypochlorite spray. Since then, intensive study has been 
devoted by several workers to the problem of finding a suitable chemical agent 
for disinfection of the atmosphere. Some of the more promising substances may 
be referred to here. 

(a) Sodium hypochlorite. Masterman (1938, 1941) found that a reduction of 
over 99 per cent, in the bacterial content of the atmosphere could be brought about 
by atomizing 1 gm. of a 1 per cent, sodium hypochlorite solution in 40,000,000 ml. 
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of air. Evidence suggests that so far as bacteria of jiasopliarviigeal origin are con- 
cerned, such a high percentage reduction could hardly expeded, 

Andrewes (1940) states that 5 nil, of a I per cfuit. In [HK-hlonte solution wviv required 
to kill rapidly 95 per cent, of strqitoeocei susix'iuh'tl in tin* air ol a. room of alxmt 1,000 
Gu. ft. capacity; tins gives a coneiaitration of only 1 in 5 7 million. PulviTtaft (1944) 
made similar observations. Boiirdillon, Lidwtdl and Lt>\ clock (1912) found that 2*1 ml. 
of 1 per cent, sodium liyjioehlorite solution per 1,(190 eu. ft., i.m I in 13 5 imllion, killed 
almost all the bacteria proji’Ctvd into the air by .sneezing in 3 to 4 rninnti's. Challinor 
(1943) observed a reduction of about 33 p(‘r <*eiit. of tlu' aerial l)actm’ia, as measured by 
the slit sampler, after spraying a room vith I per cent., hypoehlontt' solution in the pro- 
portion of 11 ml. to 1,000 cu. ft., i.o. a eonnuitration ol only I in 24) million. Edward 
and Lidwell (1943), using liypochlorous acid gas, found it neix'Hsary to us(‘ an initial con- 
centration of 1 in 800,000 to destroy 00 99 per (‘ent. of snspimdcd intlmaiza virus particles. 
Nevertheless, it is clear that sodium hypochlorite t>r H(M4 has a powiTful disinfectant 
action on most non-sporing patliogcuuc baeteria. 

The effective concentration of socliuni Iiypochlorite. is influcnc(‘d by a number 
of factors. A low relative humidity and a high coiitmit of organic matter in the 
air are both unfavourable. So also is the presenm* of phenol or cre.sol vapour. 
HOCl attacks metal, and is decomposed by organii*. niat.ter, so that metal sprays 
should not be used, nor should the solution ]>e allowixl U) (uumj into contact with 
rubber or wool. Hypochlorite sjirays should be avoiihul in rooms containing 
certain electrical equipment, such as telc])hoiie swibdiboards. Elford and van den 
Ende (1945) have pointed out the disadvantages of using hypochlorite, for continuous 
disinfection of the air, and suggest the us(^ of hypocihlorous aiud gas in its place. 
Even so, however, the corrosive action on metals when the gas is used at the 
optimum relative humidity of 70-90 per cent, may be a serious practical olijection. 

(6) Eesorcinol in glycerol was found by Puivertaft and Whilker (1939) to be 
very effective, though too expensive for routine use. Hexyl revsorcinol is also 
valuable. According to Twort and Baker (1 942), it kills more slowly than resorcinol, 
but acts in a lower concentration and persists longer. It is tluu'cffore to be pre- 
ferred when air changes are infrequent and overcrowding i.s not severe. Hexyl- 
resorcinol, in the form of a 10 per cent, solution in propylene glyxjoi together with 
0-05 per cent, sulphonated lorol, was found by Twort, Baker, Bhnn and Powell 
(1940) to be even more effective. 

(c) Propylene glycol. This substance, whicla was used by Twort and his 
colleagues as a solvent, has itself excellent disinfectant properties. Robertson, 
Bigg, Puck and Miller (1942) brought evidence to show that 1 part of propylene 
glycol vapour in 2 to 4: million parts of air produced complete and almost immediate 
sterilization of an atmosphere into which pneumococci, streptococci, staphylococci, 
H. mjluenzcB, and influenza virus had been sprayed. Favourable results in pre- 
venting cross-infection in children’s wards have been reported for propylene glycol 
vapour by Harris and Stokes (1942). Puck, Robertson, and Lemon (1943), who 
studied propylene glycol and triethylene glycol, found that both of these com- 
pounds acted best at a room temperature below 80® F* and at a relative humidity 
of 45-70 per cent. At low humidities the bacteria-containing droplets dried up 
so quickly that the glycol vapour did not condense readily on them. At high 
humidities water vapour condensed as well as the glycol vapour and tbu-* diluted 
it. It is clear from these observations that the glycol vapours acted best on 
sprayed bacteria-containing droplets, Organisms in dust proved resistant. 
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Essentially tlie same conclusions were reached by BeOme and his colleagues (1944), 
who found that the germicidal power of triethylene glycol vapour decreased as 
the temperature rose from 28° to 37° C. and as the relative humidity deviated 
from 45 per cent. They noted also that, to produce a given reduction in the 
numbers of Salm. Tullormn sprayed into the air, a concentration of propylene 
glycol 100 times that of triethylene glycol was required. 

(d) Balsamic smokes. The germicidal action of the smoke given off by smoulder- 
ing cardboard, tobacco, and incense was noted by Twort and Baker (1940). Incense 
was found to be the most effective ; 1 part in 160 million of air destroyed salivary 
organisms within 15 minutes. 

The mode of action of the vaporized disinfectants is subject to controversy. 
According to Trillat (1938), Pulvertaft and Walker (1939), and Twort and his 
colleagues (1940), atomized disinfectants exert their action in the form of minute 
droplets-— hence the term aerosol coined by Trillat— which come into contact 
with the suspended bacteria. Other workers maintain, on the contrary, that 
they act as simple gaseous disinfectants. Mastexman (1941), for example, points 
out that minute droplets of the size postulated by Twort, namely 0* 4-1*0 ju in 
diameter, would evaporate in a fraction of a second (see p. 2003), and would there- 
fore no longer be in the aerosol or mist form. So far as sodium hjrpochlorite is 
concerned, Masterman is of the opinion that its disinfectant action is due to gaseous 
hypochlorous acid set free by the carbon dioxide in the air. Similarly, there is 
growing evidence that propylene glycol acts essentially in the gaseous form. 
Vaporization of this substance by heat is just as effective as spraying it in the 
form of a mist (see Kobertson, Bigg, Puck, Miller and Baker 1942). Moreover, 
calculation shows that the maximum number of contacts possible between the 
disinfectant and the bacterial droplets is insufficient to account for the extreme 
rapidity of sterilization so long as the disinfectant is present in the form of an 
aerosol. If, however, the aerosol droplets are assumed to evaporate almost at 
once, then sufficient molecules of gas will be liberated within 2 or 3 seconds to 
produce a lethal concentration of propylene glycol in the bacteria-containing 
droplets. This explanation is also in accord with the observation that, in the 
form of a liquid, propylene glycol has a very low bactericidal action, whereas 
in vaporized form it is among the most active disinfectants known. The term 
aerosol is somewhat misleading, and should probably be reserved for minute 
droplets of oily substances that do not evaporate in the atmosphere. 

It may be mentioned that both to ultra-violet light and to disinfectant vapours 
Gram-negative bacilli are more susceptible than Gram-positive cocci ; and that 
organisms of whatever nature are harder to kill when dried on to particles of 
dust than when present in the form of droplet nuclei. 

The Control of Respiratory Infection 

It is as yet too early to assess the value of the different methods just discussed 
for the control of respiratory disease. One of the great difficulties is to ensure 
the continuous absence of pathogenic organisms from the atmosphere during the 
24 hours of each day. In the prevention of enteric infections reliable measures 
are available for the destruction of the causative organisms in water and in milk ; 
and provided due sanitary care is exercised, food should seldom be contaminated 
except by accident. In this way the entire population of a city can be more or 
less efficiently protected. But with respiratory disease, the problem is far more 
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difficult. Even if good ventilation is provided in the factory, measures are taken 
to allay dust, overcrowding is avoided, and ]3atliogenic organisms in the air are 
destroyed by ultra-violet irradiation or by disinfectant gases, the operatives are 
still exposed to the risk of infection in the buses, trains, and tubes tluit take them 
to and from their work, in the shops where tliey buy their food and other neces- 
saries, in the places of amusement that they frequent, and ]irobab]y for 10 or 
12 hours of every day in the houses where they live and to wliich iluir children 
return bringing infection with them from school. Whether it will ever prove 
practicable to afford continuous protection to the worker in all these varied 
situations, it is impossible to say. To do so will nvpiire an intensive and prolonged 
education of the general public, greatly improved ventilation of hous(\s and other 
buildings, and a willingness on the part of both private ixusons and of public 
authorities to incur the necessary expeiulitiiro to combat the spread of aerial 
infection. 

Eor the present it will probably be wise to confine our aitemtion to the pro- 
phylaxis of air-borne infection in such situations as operating thea.tr(\s, hospital 
wards, out-patient departments, and certain institutions, where relialde bacterio- 
logical and epidemiological data on the type and incidimce of respiratory disease 
can be collected. By this means we should lind out in course of tinu‘, liow effective 
different measures are, alone or in combination, and ])e in a ladfer position to 
decide whether their extension to other fields is desirable. 

The prophylaxis of respiratory disease is a formidable problem, which has 
in the past seemed almost insuperable. We may find, however, tliat the complete 
destruction of all pathogenic bacteria in tlie air is not necessary, at any rate in 
the prevention of some diseases. It may suffice to reduce their numbers to below 
a critical level at which, provided they are not inhaled by the individual too 
rapidly or too frequently, the normal defences of the body can be trusted to deal 
with them. It is unlikely that all respiratory disease will ])e avoided. Measles 
and influenza will probably defeat our best endeavours for many years to come. 
Bnt the abolition, at least in epidemic form, of scarlet fever and of all the varied 
streptococcal infections associated with it, of cerebrospinal meningitis, of whooping 
cough, of primary pneumococcal pneumonia, and even of pulmonary tuberculosis, 
though at present only a vision, may, with the application of our knowhxlge and 
in a time that is not too far distant, come to be realized as an achievement within 
our power. 
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CHAPTER 92 


THE BACTERIOLOGY OF WATER, SHELI. KiSIl, AND 

SEWAGIil 


WATER 


Bacterial Flora in Water. 

It is convenient to divide the bacteria foiuid in \vat(>r into three groups: 


A. Natural Water Bacteria. 

In this group are included those organisiii.s that are coiiinuinly found in waters 
free from gross pollution. They may he subdivided as follows : 


Bacilli. 

Fl .(Gelatin liquefied. Fa. Jluorettcens liqurfaciena. 

uorescen p,s-. Jluoreacem 7 wn-liqwfacinia. 

/Red pigment. Ghr. froiUgioaum, Chr. indicum. 

m. • Orange „ Chr. aureacen.a. 

(2) Chtomogemc- ,, ,, ^ , 

' Yellow „ Chr. ochraceum. 

vVio-let ,, Chr. violaceum. 


These organisms belong mainly to tin; .■irkrimohitotcrium 
group. They arc sometimes dividc'd up iiecording to 
their reactions on gelatin and milk ; but tlu'y have 
so far not received suOfie.ient study to render their 

(3) Non-chromogenic / classification possible. Gram-])o.sitrive, spore-bearing 
I aerobes, which produce acid and gas in lae.tos(\ appear 
I to be not uncommon (Greer ,1928, Porter d al. 1935). 

Members of the coli-typhoid grouj) arc not natural 
' inhabitants of entirely unpolluted waters. 

Cocci. 

(1) Chromogenic. Generally yellow pigment formed. 

(2) Non-chromogenic. M. candicans, M. aqmtilis, M. coronatus. 

SardncB. 

Chiefly Sarcina lutea. 


B. Soil Bacteria. 

These organisms, though not normally inhabitants of water, are frequently 
washed into it during heavy rains. Most of them belong to the group of aerobic 
spore-bearing bacilli, such as B. subtilis, B. vulgalus, B. megatherium, and B. 
mycoHes. Others, such as Bad. aerogenes and Bact. cloaccc, which appear to live 
most frequently on grain and plants, and which may conveniently bo treated as 
soil organisms, are aerobic non-sporing bacilli. By the use of special media 
other organisms, such as the nitrifying bacteria, may be isolated. 

2012 
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c. SKWAta*: lUt'TEUIA. 

]\Iiiny of llio Drjiunisnis in this arc normal uiluibitants of the intestine 

of man ami aimnals. Otiiors live, ehithiy on discomposing organic matter of either 
animal or wgotahh^ origin. Oeoasionally palhogi‘nic organisms are included. 

( 1 ) Iniesli)i(d IRicicria. 

Ihu't. roll gri)up. 

Eire pi ( n'orrus f a cal fs. 

Cl. irrlchii. 

Ihithogiuiii' organisms, such as Hahn, tijphi and V. cholerw. 

(2) Enrage Badnoa proper. 

Proteus : Pr. vulgaris. 

Anm*ro})ie spore-lH‘aring bacilli : CL sporogeiies. 

Htudying about Oi) strains of haideria isolated from lakes and streams in the 
English Lako ^)l^triol, all hut one of whmh were subject to both human and animal 
pollution, Taylor (11)12/^ found that about 95 per cent, were Gram-negative rods, 
about 4 pi'r (huiI. Uram-positi\ e spore-forming rods, and less than 1 per cent, 
cocci. A large pro]>ortion of tln‘ organisms were chromogenic ; growth on ordinary 
media was oftoii very poor, and hiochemical activity was relatively slight. Taylor 
points out that thcs(‘ chara<-ters dilhu* from those coiuniouly found in soil bacteria ; 
lie maintains, in eilVcti, that tlnu-e is a natural water llora distinct from the organisms 
wasluul in with soil. 

(Eor the classifumtion of water organisms see Fuller and Johnson 1899, Boyce 
and lidi Jordan llKhl, Gornwall 1914.) 

Factohs dktkkmixi.xo THU Kinds and Numbkrs of Bx^-Cteria in Water 

A, Type o! Water. Waters may he divided according to their source into 
(1) surfaett ami (2) di‘ep waters. Tlui former comprise all tliose that are found 
on or luau* the surhoM* of tla^ <‘arth, and that have not been filtered through any 
consi(h‘rahIf‘ thickness of soil ; tint laticw comprise those which, in order to reach 
the undm'ground stratum that they occupy, have percolated, often for several 
hundred feet, through portius layers of soil. Hinco surface waters are frequently 
exposed to contamination from dust, st>il, sewage, factory wastes, and other decom- 
])osing organic matter, tlu^y may contain large numbers of bacteria, many of which 
are of intestinal (udgin. I)i‘ep waters, on the other hand, are generally pure, 
having hail most, of their surface contaminants filtered off on their downward 
passage through the soil ; and, though it is not unusual to find bacteria in larger 
numbers timn one wouhi expect, these are generally of a harmless type. 

(1) iSuRFAOK Waters. 

(a) /ki>i,-4n falling t.o the tmrih, the raindrops con^ie into contact with 
parlich‘s of suspended dust, and carry these down with them. The more dust 
there is in the at mo.sphere, the greater is the bacterial count. The figures in 
Table 195 liave been recorded at the Montsouris Observatory at Paris. 

From a comparison of these two columns, it will be seen that on the whole 
the greatest numbers of organisms in rain are found during the dusty months of 
June, July, August, and September. Montsouris is situated on the outskirts of 
Paris ; in the centre of the city the air was found to contain 6,040 bacteria per 
cubic metre, and the rain 19,000 bacteria per litre. 



2014 


BACTERIOLOGY OF WATER 
TABLE 105 


r.at'Iciia pt i ht Ft' ui 
Kain \\ .Oer at 
Mnut''<mi iM. 

A vt'nii^a> lor H 


S,0(H) 

1, :52iy 
2,020 
2,140 

2, U0 
5,r>oo 
r>,ooo 
s,:o>o 
r>,770 
0,220 
o,2r)0 
4,000 

Mean 0,000 

In the open country the organisms may not (‘X<‘et‘tl 10 or :20 organisms per 
litre of rain. 

{b) Snow. — This tends to be less pure than rain, jiroiiably hocause the snow- 
flakes have a greater surface on which to collect siispcnuled particl(‘s in the atmo- 
sphere ; and also because their low temperature coniiuces to tho, survival of bacteria. 
In snow situated on the tops of high mountains, where it will he rememhercd that 
Pasteur found the air to be practically sterile, there hardly any organisms. 

(c) Hail. — Curiously enough, hail contains more hacdtnia than tdtlu^r rain or 
snow. Belli (1902) examined hail that fell in Padua during duly, 1901, and found 
no fewer than 14:0,000 organisms per litre. Exaiuinaiion of tlu*, }>acti‘ria showed 
that they belonged to nine different types. During the formation of hail, it seems 
probable that rapidly ascending currents of air carry the raindrops up into a 
region of the atmosphere where they are solidified ; falling down tlu*y are melted, 
and again swept upwards and frozen. After they have beim frozen and iiiawed a 
number of times the hailstones are thrown out on the periphery of tlu^ storm centre 
and finally come to earth (Mason 1902). It is suggested that the air (uirrenis carry 
up to the cloud region quantities of dust, which is thus incorporatAnl in the hail. 
It is difficult to explain otherwise the presence in it of vcgeta])le cells, and of 
fluorescent and soil bacteria. 

(d) Ice. — The number of organisms in ice depends on the nature of the water 
from which the ice is formed. With the exception of the ie.a of glacuers, it is 
generally impure. Its low temperature is favourable to the survival of most 
bacteria; hence the self-purification that occurs in waters on storage occurs 
hardly at all, or very slowly, in ice. For a short review on the Ixutttuiology of ice, 
see Jensen (194,-3). 

(e) Shallow Wells. — If protected from contamination in the immediate vicinity 
by brick sides, and if provided with a pump, shallow wells may contain relatively 
few bacteria ; but the water of an open draw-well, subject to tlio influx of dust 
and of surface washings, is generally very impure. In an examination of over 
50 shallow wells, Savage (1906) found that the gelatin count at 20® C. varied 
from 100 organisms to 20,000 ox more per ml ; and the agar count at 37® C. 
from less than 10 to over 100 per ml. 


Eacteiia pci (‘ubio 



1 metre ol Air at 

j Montstnins 

1 A\erage fur 10 \ eai' 

January . 

i 100 

February . 

1 45 

March 

i T2i> 

April . 

:uo 

May . 

1 iibS 

June , 

I ilOO 

July . . 

; 4(15 

August 

455 

aio 

September 

October . 

11)0 

November 

105 

December 

, 105 


' Mean 275 
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if) t Snrfdce II nier.'i,- -If (ierivetl from open moorland that is protected 

from luiinan and uninuil (nxmdions, tliesc waters are relatively pure. Most of 
the orgaiii.'^nis t!u*y contain ludon<j: to the soil group of bacteria. The agar count 
is generally low, luti more tlian 10 or 20 pe,r ml. The gelatin count is fairly high, 
up to ’ aflt'r heavy rainfall it may rise to several thousands. 

(g) In most countries rivers are heavily contaminated, and contain, 

not only the natural and the soil bacteria, but large mmibers of organisms derived 
from sewage. In the raw Thames wmier taken at Hampton during 1906-11 
Houston (lOiM) found the avtirage number of colonies per ml. on gelatin to be 
4,310, and on agar MtlS ; typical Bact. coli wars found in 49-3 per cent, of samples 
of O'l ml. anti in 00‘2 per cent, of samples of 100 mi. 

{h) Lake Owing to the natural storage of water in lakes, there is a 

coniimuitis proct‘ss of self-ptiriiit'ation occurring ; hence lake water is purer than 
the streams tliut. feed It. Water taken from the middle of the lake contains fewer 
organisms than that, taken murr the shore. Lake Geneva contains as many as 
150,000 bac'teria per mi. near tlm shore, but further out as few as 38 (Marshall 
1921). In Lake Wimhuanen'. Taylor (1910) found that within 200 metres of the 
entry of the main ri\tu’ the plate count wa.s 200 times less than at the mouth of 
the river iistdf. 

(t) xSm Water. ^ --The. number of bacteria in sea water is generally less than in 
fresh. Russtdl (1892) fmmd that the water taken near the coast in the Gulf of 
Naples cont.aincd 70,I^H) organisms per ml., but 4: kilometres out there were only 
57. In de<‘p sea tlie bacteria seem to be distributed evenly, there being almost 
as many near tlie bottom as on the surface. The ooze on the bed of the ocean 
is v(‘ry rich in bacteria ; Russidl found 20,000 organisms per ml. Fresh sea water 
is said tu desiniy wnvag«» bact (Tin fairly rapidly (ZoBell 1936), though in estuaries 
they may remain alive, for a con.siderable time. Fart of the destructive action 
may bi^ due to Iht^ atdiviiy of protozoa, cojiepods, and various other lower animal 
forniB (Waksman and HoUdikiss 1937). 

(j) Mineral Spfings,’^ Tlieso tend to be relatively pure, and most of the 
organisms found hi wati^r diud^’ed from them come from imperfectly sterilized bottles 
(Duhofc and Ilutin ltl33), Tlu? reaction of these waters varies considerably. Bance 
au<l (*aiiion (1929) give* thi» following hgxires : Badoit pH G-1, Vais pH 6'05~6*4, 
Vichy pH 6*4. 6*9, (hmtin‘xevilie ])1I 6*9 -7 *0, Vittel pH 7*1, Bubinat pH 7»3-7*6. 

(2) l)KKi> WATKEa.— Some of the purest waters that we know come from deep 
wells and springs. Fifteen driven wells in the neighbourhood of Boston, Mass., 
contained an average of only 18 colonies per ml. (Prescott and Winslow 1913). 
In a period of 7 consecutive years, out of 1,565 samples of waters from the deep 
wells in Kent, Houston found BmL coli in only 5*7 per cent., even when 100 ml. 
were examined. The ]mrity of springs depends mainly on their source and sur- 
roundings. In waters which have percolated through thick strata, the flora differs 
from that in surface waters ; the organisms develop slowly at room temperature, 
there are few liquefying colonies, and chromogenic organisms are relatively 
numerous (Prescott and Winslow 1913). 

B. Hutrition.— The amount of available food supply is probably the most 
important factor of all in determining the number of bacteria in a given water. 
When organic matter is plentiful, organisms abound ; when it is scarce they are 
few, and tend to die out. 
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C. Temperature. — The effect of temperature varie.s with the amount of organic 
matter present. A rise of temperature in a water containing an ample food supply 
for the bacteria causes them to multiply rapidly : but when the organic matter 
is small in quantity, a rise in temperature has the re.vense effect ; tliis is probably 
due to early exhaustion of the food supply, and the consequent diminution in 
rate of multiplication of the bacteria. 

A low temperature, independent of the amount of organic matter present, 
favours the survival, though not the multiplication, of bacteria. ITouston (1913) 
added typhoid bacilli to raw Thames water, and maiuiaiiUMi the sani|)lc 3 at 
temperatures varying from 0° C. to 37° 0. The initial luimbtir added was 
103,328 per ml. of water. Table 196 shows how much more rapid was the 
death of the organisms at 37° C. than at freezing-point. Hamilton (1935), who 
made observations on the Whaiigpoo river, found that in the short run from 
Shanghai to Woosung there was a diminution of 16 per <‘ont. in the colon bacteria 
during the winter months, and of no less than 97-99 per cent, during the summer 
months. 

TABLE 196 


Degrees. 

Influence of Tempelaturb. (IIoustcMi 1913.) 

No. of Bacilli per nil. aurviving after weeks. 



1. 

2. 

S. 



4. 

5. 

6. 

7. 

8. 

9. 

o^c. . . 

47,766 

980 

65 

34 

3 

3 

2 

1 

0-0 ! 

5°C. . . 

14,894 

26 

6 

3 

0-3 

O'l 

0-0 

«... 

— 

10° 0. . . 

69 

14 

3 

0'3 

0-0 

— 



j 

18° C. . . 

39 

3 

0-4 

0*0 

— 

— 



— ; 

27° C. . . 

19 

0-1 

0-0 

— 

— 

1 


..... 

— , 

37° C. . . 

5 

0-0 

— 

— 

— — 

i 

1 

1 

— 


D, Light. — It has been asserted that the ultra- viohit rays of the sun play an 
effective part in destroying micro-organisms in water. Procaccini (1893) placed 
drain water, from which the coarser particles had been removed, in glass cylinders 
50 cm. deep, and exposed them for 6 hours to the Italian sun in June, A control 
cylinder was protected from the light (Table 197). 


TABLE 197 



Insolated Cylinder. 
Bacteria per ml. 

Before Exposure : 


Surface 

4,000 

Middle 

4,510 

Bottom ..... 

6,781 

After Exposure : 

' Surface ..... 

0 

^fiddle 

2 

Bottom 

8 

— 

. _ 


l>arkt*wd ('ylliuk’sr. 
Uactfriii. iwr ml. 


4,900 

4,510 

6,781 


7,201 

0,051 

12,501 


The water in the exposed cylinder was practically sterilized ; that in the pro- 
tected cylinder contained rather more organisms than at the start of the experiment. 
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It would appear that under laboratorj conditions the actinic rays of the sun 
may exert a bactericiilal effect. In nature, however, the conditions are altered. 
One of the main factors hindering the rays is the opacity of the water, which 
prevents their penetration for more than a short distance. Even in clear water, 
it is doubtful if they are active for more than a distance of 5 feet from the surface. 
Another factor is the mo%"ement of the water, which may prevent any single 
organism from being vSubjected to the rays for a sufficient time to kill it. In this 
country it is probable that Hunlight has little, if any, effect in diminishing the 
bacterial content- of waters. Ultra-violet rays generated from a mercury vapour 
lamp have, however, been used in the artificial purification of water (Thresh and 
Beale 1910, Foulds 1911) ; for this purpose it is essential for the water to be 
exposed in shallow layers. 

E. Acidity. “-Winslow and hoc bridge (1906) showed that Bact. coli in tap water 
was destroyed by 0*0123 normal hydrochloric acid in 40 minutes. This corre- 
sponded to 12*8 parts j)er million of dissociated hydrogen. Organic acids were 
likewise bactericiilal, but usually in a higher concentration ; their effect appeared 
to be due, not only to the dissociated hydrogen, but also to the undissociated 
molecule or to the. anion (see Chapter 5). 

Many natural wuitcrs have an acid reaction. In the moorland streams this 
acidity is due chiefly to the presence of peaty acids — the so-called humic and 
ulmic acids. Though it is difficult to estimate the effect of acidity on the destruc- 
tion of bacteria and on the inhibition of their growth, there is little doubt that it 
does play a considerable part in purifying some waters. 

E. Salinity.' -The anti.septic and disinfectant action of salts has already been 
described in the chapter on Disinfection. It is not necessary here to do more 
than remind the reader of the inimical effects on bacterial growth and survival 
that certain salts may exercise. It is probably this factor that accounts for the 
difference both in the numbers and in the types of bacteria found in sea water. 

0. Dissolved Oxygen.— Whipple and Mayer (1906) found that Balm, ty^hi 
and coli remained viable in sterile water containing dissolved oxygen much 
longer than in water kept under anaerobic conditions. Thus, in one experiment, 
Salm, tyfhi survived in filtered tap water exposed to the air at room tempera- 
ture for nearly 2 months, but died in 4 days in an atmosphere of hydrogen. 
They suggest that this may partly explain why this organism dies more rapidly 
in polluted than in pure water, and why it survives for a shorter time in summer 
than in winter. The importance of oxygen in favouring the growth and survival of 
aerobio and facultative anaerobic organisms has also been stressed by Miiller (1912). 
Taylor (1940), on the other hand, was unable to demonstrate any close relationship 
between the amount of dissolved oxygen in lake water and the bacterial content ; 
but other factors may possibly have obscured the effect. 

H. Brotoasoal Content.— Huntemtiller (1905) showed that flagellates contribute 
actively to the extermination of bacteria in water. River water naturally polluted 
by bacteria, or suspensions of Salm. typM, could be cleared in 4 days if flagel- 
$aUan$ or Bodo were added (see also Kyriasides 1931). Stokvis 

and Swellengrebel (1911) demonstrated a similar action by infusoria— UoZpoda 
oumllm. The bacterial destruction was preceded by a rise in the number of proto^soa 
in the water, and was probably due to active ingestion, though this was not demon- 
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strated conclusively. Aerobic conditions and a temperature between lU" and 30° C. 
were essential. Konig (quoted from Thresh and Beale 1925) ftnind that in 1 ml of 
water from a well at the Hygienic Institute of Mimieb, 21 million added typhoid 
bacilli perished in 24 hours. This he attributed to tht'. action of protozoa. In pure 
water the death rate in this time was trifling. Increasing att<uitioii is being paid to 
the action of predatory plankton in the self-purification of naturally polluted waters 
(Butterfield et al. 1931, Hoskins 1935). By keeping the bacterial population below 
the saturation point, it is suggested that the plankton favours the continuous 
multiphcation of bacteria in the water, which results in its turn in a progressive 
oxidation of organic matter. 

I. Rainfall. — The effect of rainfall on the bacterial content of a, wuiter is com- 
plicated. Rain falling after a drought washes large numbers of soil organisms 
into the water, and hence increases the numbers of bacteria. If the rain con- 
tinues for some days, relatively few organisms may be ctirricd in during the later 
period of rainfall so that the stream is diluted with water }>urt^x than its own ; its 
bacterial content therefore decreases. Again, the nature of the water is of import- 
ance. A relatively pure stream may be contaminated by rain ; ati impure stream 
may be benefited by dilution. As a rule, rivers and upland surface waters contain 
their greatest numbers of bacteria after heavy rainfall. In Itake Wiiuhxmere 
Taylor (1940) observed a close association between the p(uiodic fluctuations in 
bacterial content and the amount of rain that had fallen in tiie drainage area 
during the previous week. 

J. Season. — The monthly variation in the bacterial cout(mt of waters depends 
chiefly on the temperature and the rainfall. In this country, the highest (joiints are 
generally found in the winter months, when tlie temperature is low and the rainfall 
greatest. Rivers show more variation than upland surface waters (Tables 198 and 
199, pp. 2018 and 2019). The Thames in winter is swollen by heavy raiii,andthe 
quality deteriorates in consequence of the scouring effect over tlu^ whole, drainage 
area. In summer many sources of pollution have dried up, and much of the 
water in the river is virtually stored or filtered water, derived from underground 


TABLE 198 

Raw Tuames Watek at Hamptok, (Houston 1913.) 


Mouth. 

Average Ko. 

1906. 

of Colonies per lul 
0. Itt B days 

1907. 

January 

2,076 

i 

6,246 : 

Febraary 

1,679 


March 

1,161 

1,690 1 

April 

277 

1,803 1 

May 

1,064 

961 

Jan© 

382 

1,366 1 

July 

962 

493 

August 

727 

436 

September .... 

460 i 

676 

October 

439 

1,658 

Noveinber .... 

2,680 

4,902 

December 

2,943 

6,710 


im. 


IMU 

3,627 

2,646 

6,177 

2,186 

1,767 

1,107 

1,127 

1,327 

1,863 

1.187 

2.188 
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sources of supply ; hence the bacterial content falls (Houston 1917). In upland 
surface waters, a rise in the bacterial content is not infrequent during duly and 
August ; the explanation of this is not clear, but it seems not unlikely that it 
is the result of dust and soil washings carried in by the summer rains (see Table 199). 


TABLE 199 

Reservoir in P engines. Upland Surface Water. Millstone Gbit. 


Month. 

Average Xo. of Colonies per ml. on 
Gelatin at 20°-22® C. in 3 days. 

1921. 

1922, 

1923. 

January 

107 

176 

68 

February ...... 

62 

65 

51 

March 

25 

107 

33 

April 

13 

26 

14 

May 

17 

1 

57 

J une 

80 

64 

54 

July 

48 

115 

60 

August 

105 

86 

52 

September 

30 

12 

91 

October ...... 

11 

20 

13 

November 

21 

89 

38 

December 

154 

39 

— 


In countries in which the water supply is augumented by melting snows, 
the bacterial content rises considerably in spring time. Oslo obtains its water 
supply from a lake about 160 metres above sea level. During most of- the year, 
Schmelck (1888) found that the number of organisms per ml. was 10 to 60, rising 
up to 200 after heavy rain. But in the spring, when the snow was melting, the 
organisms increased to as many as 2,500 per ml. It is probable that this increase 
was due to the large amount of earth and detritus which was brought down by the 
glacial streams. 

K, Storage. — The simple storage of water in a reservoir suffices to decrease its 
bacterial content enormously. Houston (1913) found that after only 15 hours’ 
storage the New Biver water showed a reduction in the agar count of 40 per cent. 
He maintains that storage acts in three ways : (1) Sedimentation : the organisms 
adherent to particles of suspended matter, and those in clumps or zoogloeee, sink 
to the bottom, leaving the supernatant water purer. (2) Equalization : this 
factor comes into play only when several waters of different qualities are collected 
into one reservoir. It ensures a thorough mixing of the different waters, and 
prevents the excess distribution of a bad supply on any one day. Even in a 
river, the water may not be homogeneous’; samples taken from one side may be 
different in their bacterial content from those taken near the other side (see 
Table 201, p, 2021). In a reservoir, natural or artificial, homogeneity is attained. 
(3) Devitalization : the organisms die in large numbers, probably from lack of food 
supply, and ingestion by protozoa. Houston added cholera vibrios to raw river 
water, and found that after 1 week’s storage their numbers had been reduced by 
99*9 per cent. ; after 3 weeks they could not be isolated even from 100 ml. of 
^ water. Table 200 shows the effect of storage on the London water. 
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TABLE 200 

Effect of Stob.age. 1907-08. Average Results. (Houston 1913.) 
Bacteria per ml. 


■ 

Gelatin, 
20“-22° 0. 

Agar, 

37“C. 

No. of Samples 
with Bact. coli 
in 0-01 ml. 

River Thames before storage 

4,465 

280 

10-P/, 

River Thames after 15 days’ storage at Chel- 
sea 

208 

44 

M% 

Reduction 

95-3% 

84'3% 

89-1% 


TKe reduction occurs not only in patkogenic organisms and Bact, coli, but in 
organisms of all sorts, tkougk not always equally. Houston states that even 
1 week’s storage would be more efficacious, in reducing the initial numbers of 
typhoid bacilli or cholera vibrios in a water, than sand filtration. 

It is probably owing to storage that lake waters are so much purer than the 
streams that feed them. Some rivers with a very low gradient may ofier conditions 
suitable for sedimentation. 

L. Filtration. — Natural filtration occurs on a large scale, resulting in the accuDiu- 
lation of the underground deposits of water that are tapped by deep wells and 
main springs. Its efficacy in the removal of bacteria depends on the nature of the 
soil, and the depth of the strata penetrated. In loose, porous soils a greater 
depth must be traversed to ensure the same degree of purification that is attained 
by filtration through a more compact soil. Evidence suggests that, in a soil of 
moderate density, the greater part of the bacteria are removed in the first 10 or 
15 feet. This is the reason why deep well water is so pure. 

Artificially, sand filtration is used to remove bacteria from water in order to 
render it potable. Houston (1913) finds that this process, which in the case of 
the London waters follows storage for 30 days, removes 98 per cent, of the residual 
bacteria. 

M. Other Factors. — It is known that certain rivers have a bactericidal efiect 
on some of the intestinal organisms. Thus Arloing and Sempe (1924) state that 
the water of the Saone inhibits the growth of Bact. coli but not of Salm, typhi. 
The water of the Isere inhibits the growth of Salm. paratyphi A ; the Eh6ne 
Salm. typhi ; and the sea at Havre Shigella shigce (Arloing and Chavanne 1925, 
Arloing and Semp4 1926). In India the water of the Ganges is said to destroy 
the cholera vibrio (see Khan 1930). Arloing and Sempe (1926) and Bujanowski 
(1929) have advanced some evidence to suggest that this inhibitory, and often 
highly specific action, is dependent on the presence in the water of a transmissible 
lytic agent, similar to that described by Twort and by d’Herelle. If this work is 
confirmed, it will be an interesting addition to our knowledge of the means by which 
waters undergo natural purification ; and it may serve to explain why certaiu 
regions are relatively immune to water-borne diseases — though this seems unlikely. 

Self-Purification of Rivers. 

From what has already been said, it is clear that the number of bacteria in a 
particular sample of water is determined by several factors, the precise effect of 
which it is difficult to assess. It is also clear that such factors as absence of organic 
matter, the presence of numerous protozoa, a high acidity, and the opportunity 
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for sedimentation, are able to bring about a considerable reduction in the bacterial 
flora. It is not surprising, therefore, that rivers that have been heavily polluted 
by sewage may regain their natural purity after flowing for some distance. Jordan’s 
(1900) observations on the Illinois river are of interest. The portion of the river 
that he examined was between Morris and Ottawa. Nine miles above Morris two 
tributaries unite, the relatively pure Kankakee, and the Desplaines, laden with 
Chicago sewage. During its flow of 24 miles from Morris to Ottawa the river 
improved in purity in spite of the absence of dilution with fresh water. The 
observations were made in October and November when there was neither sun 
nor rain (Table 201). 


TABLE 201 



Distance from Morris. 

No. of Colonies per ml. 

No. of 
Hourly- 
Analyses. 

Eight Bank. 

Middle. 

Left Bank. 

Upper station, Morris . 



261,000 

204,000 

29,000 

3 

Middle station, Seneca . 

12 miles (24 hours) 

100,000 

49,000 

35,000 

2 

Lower station, Ottawa . 

24 miles (48 hours) 

11,600 

10,700 

13,600 

2 


The extraordinary degree of purification that occurred was accounted for partly 
by the slow movement of the river, which permitted sedimentation to occur, and 
partly by the absence of sufficient food-supply to support the large number of 
contaminating organisms. Jordan found between Morris and Ottawa a decrease 
in the albuminoid ammonia of 0*382 to 0*049 parts per million, and in the oxygen 
consumed of 2*3 to 2. This diminution was probably due to bacterial action. 

There is no space to discuss more fully the self-purification of rivers. Enough 
has been said to indicate the most important factors controlling it. Moreover the 
importance of each factor varies with diflerent rivers. The reader is referred to 
a study of the self-purification of the Spree below Berlin by Erank (1888), 
of the Danube below Vienna by Brezina (1906), and of the Whangpoo by Hamil- 
ton (1935). 

Bacteriological Analysis 

We do not propose to give a detailed description of the bacteriological analysis of 
water, since the Ministry of Health (Eeport 1939a) in this country and the American 
Public Health Association (19366) in the United States have each described standard 
methods for its performance, to which reference should be made by those desirous 
of further knowledge. Great attention has to be paid to the sampling of the 
water (for details see Eeport 1939a), and to the technical performance of the various 
procedures involved (for error of these see Wilson et al, 1935). 

Plate Count. — In general, the analysis consists in an enumeration of the organisms 
or groups of organisms capable of forming colonies on a standard nutrient agar 
medium incubated aerobically at 20°-22° C. for 3 days or at 37° 0. for 2 days. Since 
not all the organisms in water are viable ; since many viable organisms, such as 
those of the anaerobic and nitrifying groups, do not develop under the particular 
conditions provided ; and since some of the organisms occur in groups which give 
rise only to a single colony — it is clear that the colony count corresponds not to the 
total number of organisms or even to the number of viable organisms, but only 
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to the number of bacterial units that are able to multiply under the nutritional, 
respiratory, and temperature conditions supplied. For this reason it should be 
reported either as the “ number of colonies developing per ml.,” or more simply 
as the “ plate count per ml.” 

Coliform Count. — Besides a general bacterial enumeration, an attempt is made 
to estimate the number of coliform bacteria in the water, and often to ascertain the 
proportions of the various types of these organisms. The ideal method of doing this 
would be a direct plate count on a differential medium. So far, however, no 
medium has been devised that will differentiate with certainty between coliform 
and non-coliform organisms, or between the different types of coliform bacilli. 
Partial success in these respects has been claimed by Tonney and Noble (1930, 
1931a, h, 1932a, h) for their ferrocyanide citrate agar medium, by Gehm and 
Heukelekian (1935) for eosin methylene blue agar, and by Littman and Stark 
(1938) for citrate ricinoleate agar. 

The usual technique for estimating coliform bacilli is by the dilution method 
in a liquid medium, which allows the observation of gas production — an important 
property serving to distinguish coliform from most non-coliform bacilli. As has 
already been pointed out (Chapter 4), the dilution method is subject to a big 
sampling error. The results depend not only on the number of dilutions prepared 
and on the number of tubes of each dilution inoculated, but also on the number 
of organisms present in each unit volume of the original water. Hence attempts 
have been made to devise the most economical method of carrying out the examina- 
tion consistent with reasonable accuracy (Halverson and Ziegler 1933a, 6, Swaroop 
1940, 1941). Even greater effort has been expended in endeavouring to convert 
the results obtained into terms of the probable number of organisms present (see 
Greenwood and Yule 1917, McCrady 1918, Hoskins 1934, Matuszewski and Supihska 
1937, Haldane 1939, Pomeroy 1940, Buchanan- Wollaston 1941). No perfect 
medium has yet been devised that will enable all coliform organisms to develop 
and produce gas, while suppressing the growth, or at least the gas formation, of 
other organisms. 

British practice favours MacConkey’s bile salt lactose medium, but in the United 
States other media, such as lactose broth (Report 1936&), brilliant green lactose bile broth 
(Jordan 1927), fuchsin lactose broth (Ritter 1932, 1938), methylene blue brom cresol 
purple broth (Dominick and Lauter 1929), crystal violet lactose broth (Salle 1930), formate 
ricinoleate broth (Stark and England 1935), gentian violet lactose bile broth (Kessler 
and Swenarton 1927), the so-called “ E.C. ” medium (Perry and Hajna 1944), and lauryl 
sulphate tryptose broth (MaUmann and Darby 1941), have been recommended. It is 
impossible to say which of these media is the best, since reports on comparative trials 
are at variance (see Shunk 1936, Raghavachari and Iyer 1936, Farrell 1937, Atkinson 
and Wood 1938a), The results may well depend on the bacterial flora of the water under 
examination. Generally speaking, there is an advantage in not having to depend on 
dyes to suppress the growth of non-coliform organisms, since standardization of the medium 
is difficult to achieve. 

In this country a series of MacConkey broths are inoculated with falling quanti- 
ties of water, namely one 50 ml. quantity, five 10 ml., five 1 ml., and, if necessary, 
five 0*1 ml. quantities, incubated at 37° C. for 2 days, and the number of tubes 
showing acid and gas noted. The results are reported in terms of the probable 
numbers of coliform bacilli per 100 ml. (see Report 1939a). Since acid and gas 
production may be due to ceftain aerobic spore-bearers (see Greer 1928, Porter et ah 
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1935)5 or to the synergic action of two dijfferent types of bacteria, one of wMch 
attacks lactose and the other of which produces acid and gas from the glucose 
so formed (see Atkinson and Wood 19386), the count is best referred to as the 
“presumptive coliform count.” In G-reat Britain, where MacConkey broth is 
used, false positive results from these causes are uncommon in water examination 
(see Bardsley 1938a) ; but in the United States, where lactose broth free from bile 
salt is the standard medium, a varying proportion of the presumptive positive 
tests are not “confirmed” on further investigation. 

Differential Coliform Count. — Not infrequently it is desirable to ascertain the 
types of coliform organisms present. For this purpose it is usual to plate out on 
to MacConkey agar two or three of the positive tubes inoculated with the smallest 
quantities of water, to incubate for 24 hours, to pick off 2 or 3 lactose-fermenting 
colonies from each plate, and to test these in a series of media capable of differ- 
entiating between organisms of the coli, intermediate, and aerogenes-cloacse types 
(see Chapter 28). This method, besides being tedious, suffers from two main 
objections. Firstly, if one type of organism is present in the original water in much 
smaller numbers than another type, it is liable to be diluted out during the prepara- 
tion of the dilutions, so that plates inoculated from the positive tubes seeded with 
the smallest quantities of water will yield a culture of the commoner organism only. 
Secondly, even if the two types are present in approximately equal numbers, one 
type is liable to outgrow the other, so that again a pure, or almost pure, culture 
of one type develops on plating. 

To oWiate these errors, a method has been suggested (Wilson et al. 1935) which 
consists in subculturing all MacConkey broths showing acid and gas (1) into a fresh 
series of MacConkey broths, which are incubated at 43°~45° C. in a water-bath, 
and (2) into tubes of Koser’s citrate, which are incubated at 37° 0. The production 
of gas in MacConkey broth — but not necessarily in other media — at 44° C. seems to 
be characteristic of Bact. coli of faecal origin, while the ability to grow in Koser’s 
citrate is distinctive, in the coliform group, of the intermediate and aerogenes- 
cloacae types. By making use of probability tables it is thus possible to obtain 
within 3 or 4 days a quantitative estimate of the organisms belonging to the coliform, 
the fecal coli, and the intermediate-aerogeues-cloac^ groups. In this method, 
though the different types may be present in very unequal proportions in the fer- 
mented tubes, transference to selective liquid media will enable growth of even 
minimal numbers to occur. 

The value of the 44° C. MacConkey test for picking out Bact coli of fecal origin 
has now been abundantly confirmed (see p. 664) ; though in Madras and Singa- 
pore some strains of aerogenes type have been foimd capable of producing gas 
at this temperature (Baghavachari and Iyer 1939a, Boizot 1941). The citrate 
test is less specific for members of the intermediate-aerogenes-cloacse group when 
used for direct inoculation from a fermented 37° C. MacConkey broth culture, 
owing to the ability of some late-lactose and non-lactose fermenters and even 
Bact coli to grow in this medium (see Bardsley 1938a, Raven et at 1940, Ferramola 
1940). In practice, however, this is not usually a serious drawback, since most 
false positives in citrate occur with the more polluted waters, which would be 
condemned in any case on the presumptive coliform or the fecal coli count. 

The selective liquid media method has now been adopted ofSicially by the 
Ministry of Health (Report 1939a) for the differential coliform test in the bacterio- 
logical examination of waters. In the extensive trials during the second world 



2024 


BAOTBBIOLOQY OF WATER 


war, it proved to be reliable, and to be economical in both time and medium. Tbe 
specificity of tlie 44° C. MacConkey test for Bact. coU in this country bas only 
once been questioned (Harding 1940), and on investigation tbe criticism proved 
to be unfounded. It may, however, be noted that Taylor (1945), working in a 
particular locality, has reported gas production in MacConkey’s medium at 44° C. 
by as many as 15 per cent, of Bact. aerogenes strains. 

Classification of Coliform Organisms in Water. — In Chapter 28 we have dis- 
cussed the classification of lactose-fermenting coliform bacilli according to the 
general principles of systematic bacteriology. In water analysis it is of greater 
advantage to classify these organisms in relation to their habitat, paying particular 
attention to their excretal or non-excretal origin. Such a classification is given in 
Table 202. 

TABLE 202 

Classification of Coliform Strains met with in Great Britain - 


Type. 

M.K. 

V.P. 

Growth 

in 

Citrate 

Indole. 

Gas in 
MacConkey 
at 44° C. 

Gelatin 

Lique- 

faction, 

7 days. 

Probable 

Habitat. 

Bact. coli, Type I, faecal 

+ 

- 

- 

+ 

+ 

- 

Human and animal 
intestine. 

Bact. coli. Type II . 

+ 

- 

- 


- 

~ 

Doubtful; possibly 
partly intestinal. 

Intermediate, Type I . 

+ 

- 

+ 

- 

- 

- 

Mainly soil. 

Intermediate, Type II 

4- 

- 

+ 

+ 

- 

- 

Mainly soil. 

Bact. aerogenes. Type I 

- 

+ 

+ 

- 

- 

- 

Mainly vegetation. 

Bact. aerogenes, Type II 

- 


+ 

+ 


- 

Mainly vegetation. 

Bact. cloacae 

- 

+ 

+ 

- 

- 

+ 

Mainly vegetation. 

Irregular, Type I . 

+ 

- 

- 

+ 

- 

- 

Human and animal 
intestine. 

Irregular, Type II. 

+ 

- 

- 

- 


-■ 

Doubtful. 

Irregular, other types 

Beactious variable. 

Doubtful. 


It will be seen that Bact coli T 5 q)e I, Irregular Type I, and possibly some of 
Boot coli Type II (see Bardsley 1938a, Stuart et al.^ 1942) appear to find their 
natural habitat in the mammalian intestine. It is true that strains belonging 
to the intermediate-aerogenes-cloacsB (I.A.C.) group are often found in faeces, 
but as a rule they are present in only very small numbers. Their natural habitat 
is still unknown (see Taylor 1942a), but the great mass of evidence suggests that 
it is not primarily intestinal. Since Irregular Type II, which produces gas in 
MacConkey at 44° C., is very uncommon in faeces, it follows that a positive 44° C. 
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HacConkey test is practically diagnostic of f^cal coli. The fact that neither 
Bad. coli Type II nor Irregular Type I produces gas in MacConkey at 44° C. is 
of little practical importance, since these organisms constitute only a very small 
proportion of the fa3cal coliform flora (Bardsley 1938a). 

Examiaation for Faecal Streptococci, CL welchii, and Pathogenic Organisms. — 
The plate and coliform counts constitute the usual water analysis. Sometimes, 
however, further information is required, and search may have to be made for 
special organisms. 

In examining water for feecal streptococci advantage is taken of the partial 
heat resistance of these organisms, and of their ability to form acid in MacConkey’s 
raedium and to grow in the presence of a concentration of potassium tellurite 
sufficient to prove inhibitory to most coliform organisms (see Eeport 1939a). 

The search for Cl. welchii is conducted either by anaerobic incubation of litmus 
m ilk after preliminary heating to 80° C. for 10 minutes to destroy non-sporing 
organisms, or by use of W. J. Wilson’s (1928) glucose sulphite iron agar medium. 

Typhoid and paratyphoid bacilli are difficult to demonstrate in water, partly 
because of technical difficulties, and partly because, unless the contamination of the 
water is continual, these organisms will have died out by the time suspicion of their 
presence is aroused. Far and away the most satisfactory method is the use of the 
bismuth sulphite brilliant green medium devised by W. J. Wilson and Blair (1931) 
(see also W. J. Wilson 1938). When the difficulties of making this medium have 
been overcome, the results are highly successful, and typhoid and paratyphoid 
bacilli can be isolated even from crude sewage (see Houston 1930). 

In the demonstration of F. cholerce advantage may be taken of its rapid growth 
in alkaline peptone water under aerobic conditions, and of the various differential 
media available (see Chapters 22 and 63). 

Interpretation of the Bacteriological Analysis. — Before attempting to give an 
opinion on the results of a bacteriological analysis, it is essential to gather par- 
ticulars of the nature of the water, the method by which it was collected, 
the time of collection, and the amount of recent rainfall. It is sound practice, 
though not always possible, for the bacteriologist to make a topographical survey 
of the gathering ground, so as to ascertain the extent and the kind of pollution to 
which it is subject. If he is unable to do this personally, he should consult a map 
in which the source of the water and the immediate environment are indicated. 
Particular care must be given to the mode of collection of the sample ; otherwise 
contamination, especially with coliform organisms, may disturb the interpretation 
of the results (for instructions, see Beport 1939a). 

The whole aim of the bacteriological analysis of water is to find evidence of 
excretal pollution. Since we can rarely isolate directly specific pathogenic 
organisms, such as Balm, typhi, we resort to estimating first of all the number 
of living bacteria of all sorts in the water, and secondly the number of living 
bacteria of intestinal origin. The greater the number oi bacteria, the greater, 
presumably, is the amount of decomposing organic matter. The more bacteria 
of intestinal origin there are, the more likely are pathogenic species to be amongst 
them. Our evidence therefore is circumstantial, and is frequently open to doubt 
in its interpretation. 

Unfortunately we cannot lay down absolute standards for all waters ; but 
we can lay down a standard for any one water. This U possible by frequent and 
regularly repeated examinations, which teach us the range of normal variation. 
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We become acquainted, in fact, with the bacterial character of the water. Any 
marked deviation from the norm is at once regarded with suspicion. On a water 
which we examine for the first time and for which we have no absolute standards, 
it is often difficult to express more than a tentative opinion. A high agar count at 
22° C., for example, may be significant or it may not ; and though the sanitary 
survey may assist us on this point, it may not be till several examinations under 
different conditions have been made that we can offer a definite opinion. 

The agar count at 22° C. gives us information on the amount of decomposing 
organic matter in the water available for bacterial nutrition. Most bacteria that 
develop at 20° C. are non-pathogenic to human beings, and it might therefore be 
thought that their number was immaterial. On the other hand they afford some 
indication of the amount of extraneous organic matter available for bacterial 
nutrition that has gained access to the water from various sources. On general 
grounds the greater the amount of organic matter present, the more likely is the 
water to be contaminated with parasitic and potentially pathogenic organisms. 
Occasionally in unpolluted deep well waters there may be a high agar count at 
22° C., running into thousands or tens of thousands per ml. This is found, as 
a rule, to result from the presence of a single species of organism that has appar- 
ently gained access from the air and multiplied abundantly. The colonies develop 
slowly and are often chromogenic. Such a finding can usually be ignored 

The agar count at 37° C. is a more important index of dangerous pollution. 
Most of the natural and harmless bacteria in water do not grow readily at 37° C, ; 
the organisms developing at this temperature are chiefly of soil, sewage, or intestinal 
origin. Hence our standards must be more stringent than at 22° C. A high 
37° C. agar count is often sufficient to condemn a water, though there are a number 
of exceptions to this rule. For example, recently sunk wells and bores are liable 
for some time to give an unduly high count, which later decreases as the well 
settles. In upland surface waters the 37° C. agar count may be very high, some- 
times exceeding 1,000 per ml., even in the absence of excretal pollution. During 
the summer months the count may rise in such waters, owing partly tothe access, 
of dust and organic matter to the water, and partly to the increase in te mperature 
both of which favour bacterial multiplication. Waters stored under certain con- 
ditions, as in metal tanks, may have a 37° C. agar count in the thousands, though 
no ooliform bacilli may be demonstrable. The 37° C. agar count is of particular 
value in the control of filtration. With slow sand filters the count on the filtered 
water should show a 95-98 per cent, reduction on that of the raw water. A rise 
in the colony count is the usual signal of defect in the filter beds, demanding instant 
attention. 

It is generally found that in a pure water about ten times as many organisms develop 
at 22° C. as at 37° C. ; in a polluted water this ratio is often less. Some workers place 
more weight on the value of this ratio than on the individual counts. This, we consider, 
is a mistake. The ratio may vary within wide limits, quite independently of the amount 
of fsecal contamination. Table 203 brings out this point. Moreover, in a water treated 
with chlorine, the number of colonies at 22° C. and 37° C. may be almost equal. This 
is doubtless accoxmted for by the susceptibility of the natural water bacteria, and the 
resistance of the spore-bearing soil bacteria ; both counts are lowered absolutely, but the 
22° C. far more than the 37° C. 

Just as the 37° C. is of greater significance than the 22° C. agar count, so the 
number of coliform bacilli is a more reliable index of excretal pollution than the 
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37° 0. plate count. It is also easier to lay down an absolute standard for Bact, 
Goli than for either of the other two counts. For example, this organism should 
not exceed 1 per 100 ml. in deep well water, or 5 per 100 ml. in a shallow well or 
upland surface water. Its presence in greater numbers is strongly suggestive of 
pollution. 

TABLE 203 


Modified from Thresh and Beale (1925). 


Source of Water. 

Colonies per ml. 

_ . 

Eatio of Gelatin 
to Agar. 

Gelatin 20® C. 

Agar 37° C. 

Unpolluted deep well in chalk .... 

61 

3 

20 : 1 

Do 

161 

13 

12 : 1 

Do 

9 

3 

3 : 1 

Unpolluted spring water 

61 

3 

17 : 1 

Do 

34 

6 

6:1 

Polluted deep well in chalk 

84 

4 

21 : 1 

Do. 

260 

72 

4:1 

Polluted shallow well 

1,560 

38 

41 :1 

Do 

161 i 

4 

36:1 

Polluted river water 

6,300 

140 

45 : 1 

Do 

29,600 

3,300 

9 : 1 


A distinction should be drawn between the typical coli I, which is usually of 
excretal origin, and the other types of coliform bacilli, which are more often derived 
from other sources (see Table 202). There is no question that coli I — the fsecal 
coli type — ^is the most delicate index we have of recent excretal pollution. With 
regard to the importance of the intermediate and aerogenes-oloacee types (I.A.C.) 
opinion is divided. There are those who maintain that, because these organisms 
are found in faeces — though only in small numbers — their presence cannot be 
neglected. There are those who draw attention to the fact that organisms of the 
aerogenes type are often present in infected urine (Hill et al. 1929, Burke-Glaffney 
1933), 'and may constitute the dominant type of coliform bacilli in human faeces 
(Parr 1936). There are others who point out that, if recent excretal pollution 
has occurred, faecal coli will undoubtedly be found too, so that the presence of other 
types in the absence of faecal coli can generally be ignored. 

The interpretation is to some extent affected by the rate at which these different 
organisms die out after gaining access to water. Here again our data do not provide 
us with a clear answer. 

The vitality of these organisms in water varies with several factors. Houston (1913) 
found that storage of water for 15 days reduced the number of Bact. coli by 80-90 per 
cent. Gray (1932) and Burke-Gaffney (1933) bring evidence to show that Bact coli dies 
out more rapidly than Bact aerogenes. Euchhoft and his colleagues (1933) find that both 
organisms disappear at about the same rate. Platt (1935) finds that this rate depends 
to some extent on the temperature, Bact aerogenes surviving longer than Bact. coli at 
18°~20°C., but not at 0°C. or 37° C. Raghavachari and Iyer (19396) suspend their 
judgment. Hamilton (1935), in China, finds that in the summer months Bact aerogenes 
may actually multiply in water under favourable conditions. 

On the whole, the evidence suggests that organisms of the I.A.C. group tend 
to be rather more resistant to environmental conditions than faecal coli. Their 
presence in water, in the absence of fsecal coli, may indicate either (1) that non- 
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polluted dust or soil lias gained access to the water ; or (2) that excretal contamina- 
tion has occurred at a time sufficiently remote to permit the disappearance of all 
feecal coli organisms ; or (3) that the water is subject to a minor degree of excretal 
contamination heralded, for some reason which is not yet clear, by the appearance 
of organisms of the I.A.C. group before true faecal coli ; or (4) that a contaminated 
water has been insufficiently chlorinated ; or (5) that the water — and this applies 
to wells and pumps — ^is being contaminated from such material as old sacking, 
leather washers, jute packing, or decaying leaves, in which organisms of the I.A.C. 
type are actively growing. Which of these explanations is correct, it is usually 
impossible to say on any one sample of water without further examination. 

In this country a high proportion of waters giving a positive presumptive 
coliform test contain faecal coli (Bardsley 1934, 193Sa), and it is therefore often 
unnecessary to proceed to a differentiation of the coliform types. In the routine 
control of water supplies from which coliform bacilli are usually absent, the appear- 
ance of these organisms demands immediate attention, and differentiation should 
be carried out in order to obtain a clue to the probable source of pollution. Differ- 
entiation is likewise called for when a new supply is under examination, as it is 
always desirable to learn as much as possible about the flora normally present. 
In other types of water differentiation is a matter for individual judgment. Gener- 
ally speaking, there is little point in determining the nature of the types present 
in a piped water supply if the presumptive coliform count exceeds about 10 per 
100 ml,, since even if no fsecal coli are found the water will still have to be regarded 
as probably contaminated. In shallow well waters, however, differentiation may 
be useful with a coliform count up to about 50 per 100 ml., as the degree of excretal 
pollution may be so small as to render it unnecessary to condemn the water when, 
as usually happens, it is being consumed by only a small number of persons. 
Unfortunately, there is no reliable method of distinguishing coliform organisms 
of human and animal origin. 

In the tro 2 )ics a fairly high proportion of coliform organisms in water are often 
found to be of the intermediate or aerogenes-cloacse types. Since careful sanitary 
surveys have shown that such waters may be free from exposure to excretal con- 
tamination, it is clear that reliance on the presumptive coliform count in the tropics 
will result in the unnecessary condemnation of a number of unpolluted waters. 
Differentiation will generally be necessary, and attention should be devoted mainly 
to the numbers of faecal coli. 

In cases where the probable origin of cohform bacilli is doubtful, use may be 
made of the tests for faecal streptococci and CL welcMi. Both of these organisms 
are commonly present in mammalian faeces. If they are found in significant 
numbers in the water, they may be regarded as indicating that the doubtful coliform 
bacilh were probably of excretal origin. Their absence, on the contrary, points 
to the reverse conclusion. It is mainly as an aid to the interpretation of the coliform 
result that a test for these organisms finds its real value. It must be pointed out, 
however, that both fecal streptococci and CL welchii probably survive longer in 
water than fecal coli, so that their presence in the absence of this organism is 
generally indicative of remote rather than of recent excretal contamination. (Bor 
further information on the cohform group of organisms in relation to water supply 
in the tropics reference should be made to papers by Pa wan 1925, 1926, 1931, 
Baghavachari 1926, Eaghavaohari and Iyer 1939a, 5, Hicks 1927, Taylor 1927, 
and Burke-Gaffney 1932, 1933.) 
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Standards. — It will be obvious that the larger the population is to which the 
water is distributed, the more stringent must our standards be. The occurrence 
of typhoid fever in the inmates of a cottage drawing water from a polluted well 
is unfortunate, but its occurrence in the population of a large town is a catastrophe. 
The standards that we give here are those suggested by the Ministry of Health 
(Eeport 1939a), and refer only to piped water supplies. As will be seen, they 
are based entirely on the results of the coliform test, since this affords the most 
delicate, the most specific, and at the same time the most generally applicable 
index of pollution. 

Non-chlormated Piped Water Supplies 

Presumptive Coliform Count per 100 ml. 
Class 1. HigHy satisfactory . . . less than 1 

Class 2. Satisfactory .... 1-2 

Class 3. Suspicious ..... 3-10 

Class 4. Unsatisfactory .... Greater than 10 

Owing to the large sampling error of the coliform count, too much attention 
should not be paid to minor fluctuations in these figures. For this reason the 
Ministry proposes that throughout the year 50 per cent, of samples should fall 
into Class 1 ; that 80 per cent, should not fall below Class 2 ; and that the remainder 
should not fall below Class 3. Chlorinated waters ought uniformly to come into 
Class 1. 

For the student’s guidance we give two examples of unpiped and unpurified 
waters destined for consumption by a small population. Though the deep well 
and main spring water would be safe for a town supply, the second water we quote 
would have to be purified before its delivery to a large number of consumers would 
be justified. 

Deep Well and Main Sprino Waters 

Plate count, agar 3 days at 22^ C. . . . 10-200 per ml. 

Plate count, agar 2 days at 37° C. . . . 1-10 per ml. 

Bad. coU faecal Type I .... . Less than 1 per 100 ml. 

Faecal streptococci ...... Less than 1 per 100 ml. 

Cl. welchii ....... Less than 1 per 1,000 ml. 

Shallow Well, Land Sprino, and Upland Surface-Waters 

Plat© count, agar 3 days at 22° C. . . . 50-500 per ml. 

Plate count, agar 2 days at 37° C. . . . 5-30 per ml. 

Bad. coU faecal Type I .... . Less than 5 per 100 ml. 

Faecal streptococci ...... Less than 5 per 100 ml. 

CL welchii ....... Less than 5 per 1,000 ml. 

A filtered river water should conform to the standard of a good shallow well 
water. If chlorination has been used in addition, then the coli standard should 
equal that of a deep well water. 

The effect of rainfall on the water should be noted carefully. Speaking generally, 
the less the water is influenced by this factor the better. Though rain in itself 
contains relatively few bacteria, it may carry in large numbers of undesirable 
organisms from the soil. A large increase in the number of organisms, especially 
if attended by a rise in the coli count, should always be regarded with 
suspicion. 

There is often a tendency for more weight to be placed on the results of the 
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bacteriological examination tkan is justifiable. If tbe sanitary survey skows tke 
water to be clearly subject to kuman excretal pollution, tken it is not exaggerating 
to say tkat a bacteriological examination is redundant. Even skould a reasonably 
good result be obtained on one sample, tkere is no doubt tkat repetition on furtker 
samples, taken perkaps after keavy rainfall, will reveal tke presence of coliform 
bacilli in large numbers. Bacteriological examination is a delicate tool suitable 
for revealing pollution too small in amount or too obscure to be noticeable by 
tke ordinary means of tke topograpkical survey. If tke relatively crude metkod 
of tke survey skows tke presence of undoubted contamination, tken tke delicate 
metkods employed by tke bacteriologist are seldom required. It follows tkat no 
water exposed to known contamination skould ever 'be reported on favourably 
by tke bacteriologist, regardless of wkat tke laboratory findings may be. 

Einally we repeat tkat judgment on tke potability of a water can be given only 
after a careful weighing of all tke evidence available. It must be remembered 
tkat tke mere absence of evidence indicating faecal pollution does not necessarily 
indicate tkat pollution kas not taken place. All it does skow is tkat at tke time 
tke sample was examined, tkere was no detectable evidence of pollution. It is 
partly for tkis reason tkat frequent examinations are desirable. 

Tke interpretation of tke bacteriological analysis, particularly on a new supply, 
is greatly facilitated by a concurrent ckemical analysis, wkick furnishes information 
on tke amount of organic matter in tke water. Tke results obtained by tke two 
metkods of examination skould be carefully correlated. As a rule, they are in 
substantial agreement, but discrepancies are occasionally found wkick skow tke 
need for caution in tke report, and perkaps for tke desirability of a furtker exam- 
nation. 

Swinaming Bath Waters. — Tke main organisms found in swimming bath water 
are aerobic spore-bearers, Pseudomonas, Chromobacterium, coliform bacilli, Proteus, 
staphylococci of skin and salivary origin, streptococci, Neisseria, and Cl. welchii. 
According to Bardsley (19386) most of tke coliform bacilli are of excretal origin 
and consist ckiefiy of organisms of tke coli I type ; but members of tke I.A.C. 
group are also present, and in chlorinated waters may actually exceed coli I in 
number. A little reflection will enable tke student to understand why tke bacterio- 
logical control of swimming bath waters is unsatisfactory. Tke results vary from 
one part of tke bath to another, and from minute to minute in tke same part 
depending on tke numbers and personal cleanliness of tke bathers^ Though tke 
addition of chlorine to tke water to give a residual figure of 0- 2-0*5 parts per million 
skould result in a sterile 37° C. agar plate count and in tke absence of coliform 
organisms from 50 ml. of tke incoming water (Eeport 1929), it is impossible to 
maintain virtual sterility in tke bath itself without adding chlorine in suck excess 
as to cause severe irritation to tke nasal and conjunctival mucosa of tke bathers. 
Infection, either of nasopharyngeal or of excretal origin, may pass from one person 
to another with great rapidity, so tkat no bearable chlorine concentration can 
be expected to destroy tke organisms concerned. In practice it is wise to examine 
tke in-flowing and tke out-flowing water, if continuous circulation is being main- 
tained. Tke standard of tke in-flowing water skould be tkat quoted above. For 
tke out-flowing water no standard can be laid down, but if tke 37° 0. agar plate 
count exceeds 200 per ml., and tke presumptive coliform count exceeds 2 per 
100 ml., steps skould be taken for more rapid circulation of tke water, or for a 
higher residual cklorine concentration in tke water entering tke bath. 
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Water-lbome Disease. — The main diseases carried by water are enteric fever, 
dysentery, and cholera. Tor a description of these reference should be made to 
Chapters 63, 69, 70. In this country the incidence of water-borne disease is low 
compared with some parts of the Continent and with the United States, but is 
by no means negligible. Between 1911 and 1937 there occurred in England and 
Wales at least 21 outbreaks of disease conveyed by public water supplies, resulting 
in 1,237 cases of enteric fever, 2,800 of bacillary dysentery, and 7,439 of gastro- 
enteritis (Eeport 19396). In the United States, G-orman and Wolman (1939) 
were able to collect records of 399 outbreaks during the period 1920 to 1936, affect- 
ing 115,645 persons. Among the cases of disease were 12,585 of typhoid fever 
and 101,603 of diarrhoea. It may be noted that paratyphoid fevers are seldom 
water-borne. Eranklin and Halliday (1937) report one outbreak of paratyphoid A 
fever in Canada due to contamination of a well water from a resident who had 
returned to her home suffering from an undiagnosed disease ; and there have 
been 2 or 3 small outbreaks of paratyphoid B fever in this country (see Report 
1942, Page 1942). As is apparent from the records just given, diarrhoea and 
gastro-enteritis figure protninently in water-borne disease. Their nature and 
causation are not always clear. Some outbreaks may be due to undetected dysen- 
tery bacilli, but there seems little doubt that the access of sewage in considerable 
amount to a water supply may be followed by gastro-enteritis in the absence of 
any recognized pathogenic organisms (see Kathe and Konigshaus 1932, Report 
1936a, 1937, Pharris et al. 1938). Lead poisoning has, of course, to be borne in 
mind, as well as less common forms of chemical poisoning, such as that described 
by Campbell (1940) of naphthalene poisoning following the painting of a storage 
tank. 

Infection of the water may occur at the source, during storage, or during dis- 
tribution. The prevention of water-borne disease demands scrupulous care and 
supervision of every part of the system, including the health of operatives closely 
associated with the water itself (see Report 19396). 


SHELL FISH 

The chief importance of shell fish from a public health point of view is their 
liability to give rise to enteric fever. In France alone it is estimated that within 
a period of 15 years more than 100,000 cases of typhoid fever due to the con- 
sumption of shell fish occurred, of which 26,000 ended fatally (Belin 1934). 

Shell fish become infected by being laid down in polluted water. According 
to Eyre (1924), about 2 litres of water enter and leave the shell of an oyster every 
hour. Large volumes of water also pass through mussels every 24 hours. The 
bacterial fiora of these shell fish is largely determined by the nature of the water 
in which they are immersed. This is often subject to rapid changes. It is quite 
possible, for example, for mussels to be heavily polluted on an ebb tide and to clean 
themselves on a flood tide. The only satisfactory way of ensuring their purity is to 
lay them down for some days in non-polluted, preferably chlorinated, water (see 
Dodgson 1936). 

An attempt is often made to control the suitability of shell fish for human con- 
sumption by bacteriological methods. The general principles of such an analysis 
are similar to those we have just discussed in the examination of water, particular 
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attention being paid to tbe numbers of coliform bacilli. Tbe difficulties, however, 
of obtaining an exact bacterial enumeration are considerably greater with shell fish 
than with water. The chief reason for this is the extraordinary variation in numbers 
from one oyster or mussel to another, and the gross irregularity in distribution of 
organisms within the individual shell fish themselves. There is in this country no 
standard method of analysis or standard of interpretation laid down for the examina- 
tion of shell fish, with the result that many workers have evolved their own 
technique. Since the methods of different workers often differ in major points, 
we shall refrain from describing any one in detail. Those who are interested may 
be referred to papers by Eyre (1924, 1933), Dodgson (1928, 1936, 1938), Perry 
(1928, 1929), Bigger (1934), Beard and Meadoworoft (1935). 

The standard adopted by the Fishmongers’ Company in this country, based 
on the recommendations of Andre wes, Hewlett and Eyre (1924), allows approxi- 
mately 100 coliform bacilli per oyster in 40 per cent, of the oysters sampled. For 
purified oysters Dodgson (1938) exacts a more rigid standard, namely not more 
than 50 coliform bacilli in any oyster. The presumptive coliform test, however, 
may be grossly misleading, as organisms of the aerogenes-cloacae type may, under 
favourable conditions, multiply enormously in mussels, barnacles, raw sea water, 
and sterilized tank water. This difficulty may be overcome by using the 44° C. 
MacConkey broth test for faecal coli (Dodgson 1938). Just as with water, so in 
the control of shell fish, a careful topographical survey to exclude possible sources 
of pollution is essential ; bacteriological examination must remain as an ancillary 
method to check the results of the sanitary investigation. 


SEWAGE 

In this country crude sewage contains about 10 million organisms per ml. 
capable of developing on gelatin at 20° C., and from 1 to 5 million per ml. on agar 
at 37° C. In America the numbers appear to be lower. There is often a marked 
rise in the summer months. The organisms making up these numbers are of many 
different kinds, and vary from one sewage to another. Prominent amongst 
them are the Proteus group, the cohform bacilli, streptococci, anaerobic spore- 
bearing bacilli, natural water bacteria, and the denitrifying bacilli. BacU coli 
may number 100,000 per ml., Strejptococcus fcecalis 1,000 to 10,000 per ml., and 
OL welchii 100 to 1,000 per ml. Pathogenic organisms of the typhoid, paratyphoid, 
and food-poisoning groups can often be found in crude sewage by the use of appro- 
priate selective media. The poliomyelitis virus has also been demonstrated in 
it (Paul and Trask 1941, 1942). Sewage is an excellent source of a large variety 
of bacteriophages. 

The process of purification is accompanied not so much by a diminution in 
the numbers of organisms, as by a change in the distribution of different organisms. 
Thus in the septic tank, the anaerobic liquefying^ bacteria are prominent ; on the 
contact beds the aerobic liquefying and the denitrifying bacteria gain the upper 
hand. It is evident that enormous numbers of bacteria must perish in the process ; 
by a comparison of the microscopic and the gelatin counts, Winslow (1905) found 
that the ratio of the total to viable organisms was about 20 to 1 in crude sewage, 
40 to 1 in the septic tanks and filter beds, and 70 to 1 in the sand filter effluents. 
Table 204 illustrates the numerical changes occurring during biological purification. 
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TABLE 204 

Boston Sewage. (Modified from Winslow 1905.) 



Microscopic 

Count. 

Gelatin. 

Agar. 

Microscopic 
-7- Gelatin. 

Agar X 100 
-r- Gelatin. 

Crude sewage . 

29,000,000 

1,690,000 

1,400,000 

17 

83 

Septic tanks . 

30,000,000 

787,000 

504,000 

38 

64 

Contact filters 

24,000,000 

621,000 

432,000 

46 

83 

Trickling filters 

17,000,000 

451,000 

284,000 

39 

63 

Sand filters . . 

65,000 

9,160 

10,800 

7 

120 


It will be Been that no marked fall occurs in the number of living organisms till 
the sand filter stage is reached. 

A method of sewage disposal that is now widely used is the Activated Sludge 
Process. Briefly this consists in treating the sewage with about 15 per cent, of 
bacterially active liquid sludge, in the presence of an ample supply of atmospheric 
oxygen. As a result of this treatment, a large proportion of the colloidal material 
undergoes coagulation, and subsequent sedimentation. The activated sludge 
itself results from the aeration of successive portions of sewage (see Martin 1927, 
Bnswell 1928). As Wooldridge and Standfast (1936) have shown, the purification 
is brought about by a series of catalysed oxidation-reduction reactions determined 
by bacterial enzymes present in the living or dead bacterial cells or liberated by 
them into the fluid of the reacting system. A reduction of as much as 98 per cent, 
in the number of living bacteria may occur during the process (Miller 1936). 

The survival of typhoid bacilli in sewage has been studied by a number of 
workers (see Green and Beard 1938). The rate at which they die out depends 
on a variety of factors. As a rule, the great majority are dead within a week 
and all within a month. Their death is probably accelerated by the activated 
sludge process of treatment, though observations on Salm, ty'phi-munum have 
shown that this organism may survive in drying sewage sludge for several months 
(Stokes et al. 1945). 
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CHAPTEE 93 


THE BACTEEIOLOGY OE MILK 
Sources of Bacteria in Milk 

Even when drawn with aseptic precautions, milk always contains a certain number 
of bacteria which are derived from the milk ducts of the cow’s udder. Their 
numbers vary considerably from quarter to quarter and from cow to cow, and 
are highest in the fore-milk and lowest in the strippings. The average plate count 
of aseptically drawn milk has been given by different workers as less than 10 
per ml. to several thousand. Many of the lower counts have probably under- 
estimated the true number owing to unsuitable technique in counting, while many 
of the higher counts have probably been made on milk derived from udders that 
were not strictly normal. VonBaranyi (1941), who took special care in preventing 
contamination of the udder and who discarded the fore-milk, found that nearly 
all healthy cows from the Veterinary High School herd yielded milk having a 
plate count less than 100 per ml. Strynadka and Thornton (1937), on the other 
hand, who used the direct microscopic method, found that the bacterial counts 
on 22 samples of aseptically drawn milk ranged from 10,000 to 370,000 per ml. 
Considering the extraordinary frequency of mastitis (see Minett 1932, Hucker et aL 
1932, Diernhofer 1933), 50 per cent, of the animals in a herd often showing disease 
of one or more quarters, it is very dif&cult to arrive at any definite conclusion 
on the probable numbers of bacteria in milk coming from apparently healthy 
udders. If the udder is diseased, streptococci, Br. abortus, tubercle bacilli, and 
other organisms may be excreted in the milk in large numbers — sometimes running 
into several thousands per ml. 

When aseptic precautions are not employed, the milk is liable to be contaminated 
with bacteria from the outside of the udder, the interior of milk vessels and utensils, 
and dust in the atmosphere of the milking shed. Of these various sources, far 
and away the most important is unsterilized milking equipment. The total number 
of organisms gaining access from the air and from dust is almost negligible compared 
with that derived from the surfaces of unsterilized pails, coders, cans, strainers, 
clarifiers, and bottle fillers. Unless these utensils are actually sterilized — preferably 
by steam — their surfaces become coated with bacteria of various types, which may 
contribute enormous numbers of naicro-organisms to the milk. 

An additional source of contamination is the human personnel. If wet milking 
is practised, considerable numbers of organisms are liable to get washed into the 
milk from the milker’s hands, as well of course as from the exterior of the udder and 
teats, unless these are thoroughly cleansed. Though numerically few, the organisms 
reaching the milk in this way may be of considerable public health importance, 
particularly if the milker happens to be an intestinal carrier of typhoid, paratyphoid, 
dysentery, or food-poisoning bacilli. The milker constitutes a further source of 
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danger if lie is carrying hemolytic streptococci or diphtlieria bacilli in bis tbroat 
or nose, since these organisms may gain access to the milk via the cough spray. 

Apart from initial contamination of the milk, imperfect cooling is often respon- 
sible for the presence of large numbers of bacteria in any given sample. However 
carefully milk is produced, sooner or later, provided it is kept at a suitable tempera- 
ture, it will go sour or putrid as the result of bacterial multiplication. If it is to 
remain sweet for more than a few hours, all milk should be cooled immediately 
after production to a temperature of 10° C. or below. 

It may be noted that the keeping quality of the milk is determined partly by 
the degree of initial contamination and partly by the temperature at which it is kept. 
Milk produced under really cleanly conditions has a considerable bacteriostatic 
power, and shows little bacterial multiplication for several hours, even when 
incubated at a favourable temperature. On the other hand, the bacteriostatic 
effect of milk produced under dirty conditions is very slight, and bacterial multipli- 
cation sets in rapidly. For this reason it is much easier to distinguish between a 
milk produced under sanitary, and one produced under insanitary, conditions if the 
examination is delayed till the milks have stood at a temperature of 60° F. or so 
for 12-18 hours. After this time a milk produced under clean conditions will still 
have a low bacterial count, while a milk produced under dirty conditions will contain 
a large bacterial population. 

The production of clean milk is largely a matter of technique, not of structural 
equipment or refinement. Provided all utensils are sterilized by steam, and the 
surface of the udder and the milker’s hands are cleansed, it is possible to produce 
milk with a very low bacterial content even under unfavourable conditions. It is, 
however, not easy to maintain a satisfactory technique day in and day out unless 
suitable conditions and appliances are provided for the workers. 

Types of Bacteria in Milk 

The bacteria present in milk from healthy cows may be classified into the 
following groups : 

1. Acid-forming Bacteria. — These organisms ferment the lactose in the milk 
with the production of acids, mainly lactic acid, which combine with the calcium 
caseinogenate, liberating free caseinogen ; this, being insoluble in water, is precipitated 
in the form of a smooth, gelatinous curd, which shows little tendency to contract 
and squeeze out fluid. Lactic, streptococci constitute some of the most important 
members of this group. One particular member is often referred to as Str, laotis, 
but as we have seen in Chapter 24 the definition of this species is very di£S.cult 
Most of these organisms appear to be of vegetable origin, being found on corn, beans, 
peas, cabbage, etc. (Stark and Sherman 1935). Certain staphylococci, which are 
not infrequently found in the udder, are also active members of this group. We 
must further include the lactobacilli, which, however, under ordinary conditions 
do not appear to proliferate very actively. 

2. Gras-formiug Bacteria. — These organisms ferment lactose with the produc- 
tion of both acid and gas. They produce a smooth, gelatinous curd, which is often 
riddled with gas bubbles. The acid produced is largely acetic, which imparts an 
unpleasant flavour to the milk. Coliform bacilli are among the commonest repre- 
sentatives of this group, which includes, however, certain anaerobic organisms such 
as CL welchii and CL butyricum. 
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THE BACTERIOLOGY OF MILK 
Sources of Bacteria in Milk 

Even when drawn with aseptic precautions, milk always contains a certain number 
of bacteria which are derived from the milk ducts of the cow’s udder. Their 
numbers vary considerably from quarter to quarter and from cow to cow, and 
are highest in the fore-milk and lowest in the strippings. The average plate count 
of aseptically drawn milk has been given by different workers as less than 10 
per ml. to several thousand. Many of the lower counts have probably under- 
estimated the true number owing to unsuitable technique in counting, while many 
of the higher counts have probably been made on milk derived from udders that 
were not strictly normal. Von Baranyi (1941), who took special care in preventing 
contamination of the udder and who discarded the fore-milk, found that nearly 
all healthy cows from the Veterinary High School herd yielded milk having a 
plate count less than 100 per ml. Strynadka and Thornton (1937), on the other 
hand, who used the direct microscopic method, found that the bacterial counts 
on 22 samples of aseptically drawn milk ranged from 10,000 to 370,000 per ml. 
Considering the extraordinary frequency of mastitis (see Minett 1932, Hucker et al, 
1932, Diernhofer 1933), 50 per Cent, of the animals in a herd often showing disease 
of one or more quarters, it is very dfficult to arrive at any definite conclusion 
on the probable numbers of bacteria in milk coming from apparently healthy 
udders. If the udder is diseased, streptococci, Br. abortus^ tubercle bacilli, and 
other organisms may be excreted in the milk in large numbers — sometimes running 
into several thousands per ml. 

When aseptic precautions are not employed, the milk is liable to be contaminated 
with bacteria from the outside of the udder, the interior of milk vessels and utensils, 
and dust in the atmosphere of the milking shed. Of these various sources, far 
and away the most important is unsterilized milking equipment. The total number 
of organisms gaining access from the air and from dust is almost negligible compared 
with that derived from the surfaces of imsterilized pails, coders, cans, strainers, 
clarifiers, and bottle fillers. Unless these utensils are actually sterilized— preferably 
by steam — their surfaces become coated with bacteria of various types, which may 
contribute enormous numbers of micro-organisms to the milk. 

An additional source of contamination is the human personnel. If wet milking 
is practised, considerable numbers of organisms are liable to get washed into the 
milk from the milk er’s hands, as well of course as from the exterior of the udder and 
teats, unless these are thoroughly cleansed. Though numerically few, the organisms 
reaching the milk in this way may be of considerable public health importance, 
particularly if the milker happens to be an intestinal carrier of typhoid, paratyphoid, 
dysentery^ or food-poisoning bacilh. The milk er constitutes a further source of 
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danger if iiB is carrying Iiaemolytic streptococci or diphtiieria bacilli in bis tliroat 
or nose, since tbese organisms may gain access to the milk via the cough spray. 

Apart from initial contamination of the milk, imperfect cooling is often respon- 
sible for the presence of large numbers of bacteria in any given sample. However 
carefully milk is produced, sooner or later, provided it is kept at a suitable tempera- 
ture, it will go sour or putrid as the result of bacterial multiplication. If it is to 
remain sweet for more than a few hours, all milk should be cooled immediately 
after production to a temperature of 10*^ C. or below. 

It may be noted that the keeping quality of the milk is determined partly by 
the degree of initial contamination and partly by the temperature at which it is kept. 
Milk produced under really cleanly conditions has a considerable bacteriostatic 
power, and shows little bacterial multiplication for several hours, even when 
incubated at a favourable temperature. On the other hand, the bacteriostatic 
efiect of milk produced under dirty conditions is very slight, and bacterial multipli- 
cation sets in rapidly. Eor this reason it is much easier to distinguish between a 
i pilk produced under sanitary, and one produced under insanitary, conditions if the 
examination is delayed till the milks have stood at a temperature of 60*^ E. or so 
for 12-18 hours. After this time a milk produced under clean conditions will still 
have a low bacterial count, while a milk produced under dirty conditions will contain 
a large bacterial population. 

The production of clean milk is largely a matter of technique, not of structural 
equipment or refinement. Provided all utensils are sterilized by steam, and the 
surface of the udder and the milker’s hands are cleansed, it is possible to produce 
iTiilk with a very low bacterial content even under unfavourable conditions. It is, 
however, not easy to maintain a satisfactory technique day in and day out unless 
suitable conditions and appliances are provided for the workers. 

Types of Bacteria in Milk 

The bacteria present in milk from healthy cows may be classified into the 
following groups : 

1. Acid-forming Bacteria. — These organisms ferment the lactose in the milk 
with the production of acids, mainly lactic acid, which combine with the calcium 
caseinogenate, liberating free caseinogen; this, being insoluble in water, is precipitated 
in the form of a smooth, gelatinous curd, which shows little tendency to contract 
and squeeze out fluid. Lactic, streptococci constitute some of the most important 
members of this group. One particular member is often referred to as Sir. lactis, 
but as we have seen in Chapter 24 the definition of this species is very difidcult 
Most of these organisms appear to be of vegetable origin, being found on corn, beans, 
peas, cabbage, etc. (Stark and Sherman 1935). Certain staphylococci, which are 
not infrequently found in the udder, are also active members of this group. We 
must further include the lactobaoilli, which, however, under ordinary conditions 
do not appear to proliferate very actively. 

2. G-as-forming Bacteria. — These organisms ferment lactose with the produc- 
tion of both acid and gas. They produce a smooth, gelatinous curd, which is often 
riddled with gas bubbles. The acid produced is largely acetic, which imparts an 
unpleasant flavour to the milk. Coliform bacilli are among the commonest repre- 
sentatives of this group, which includes, however, certain anaerobic organisms such 
as Gl, wehhii and Cl. hutyricum. 
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3. Proteolytic Bacteria. — These organisms secrete one or other, or both, of two 
ferments — rennet and casease. Rennet acts in two stages ; in the first stage the 
calcium caseinogenate is converted into a soluble form of casein ; in the second 
stage this is precipitated as calcium caseinate by the calcium salts present in 
the milk. The resulting clot gradually contracts, and squeezes out a more or less 
clear fluid, which is known as whey ; the whey contains the sugar, salts, and other 
proteins — ^lactalbumin and lactoglobulin — ^in the milk. Casease is a proteolytic 
enzyme, which digests the proteins present in the milk, breaking them down to 
proteoses, peptones, and amino-acids. 

When the rennet predominates, a firm white curd is produced, which is slowly 
digested by the casease. When the casease is in excess, either no coagulation at 
all may occur, or a soft flocculent clot is formed, which is rapidly peptonized. 

Many organisms fall under this heading : (a) spore-bearing aerobes, such as 
B. suhtilis and R. mesentericus ; (b) Proteus vulgaris ; and (c) staphylococci and 
micrococci. Some of the organisms in this group also ferment lactose, so that the 
milk is rendered acid, besides being clotted and digested. 

4. Alkali-forming Bacteria. — These organisms render the milk alkaline, pre- 
sumably by acting on the proteins. Some of them also secrete lipase, and the 
combined effect is to saponify the fat, and convert the milk into a yellow translucent 
whey-hke fiuid. This action is not often seen, since the members of this group of 
bacteria are overgrown by members of other groups, which produce acid, coagulation, 
or peptonization. Organisms belonging to this group comprise Bact. alhaligenes, 
and some of the aerobic spore-bearers. 

5. Inert Bacteria. — Many bacteria produce no visible change in milk and are 
hen«e called inert. Some of the udder cocci are included in this group. Members 
of the Achromohacterium group, most of which are probably derived from water, 
are also relatively inert. It may be noted that most of the pathogenic organisms 
which may be present in milk belong to this group. 

Pathogenic Bacteria in Milk. — Apart from the organisms that we have described 
as being normally present in milk, there are others which are sometimes found 
in pathological conditions of the cow’s udder, or which gain access to the milk 
from an infected water supply or from some person handling the milk. 

Tubercle bacilli. — The presence of these organisms in milk depends on the 
frequency of bovine tuberculosis. In Great Britain this disease is very prevalent, 
about 40 per cent, of cattle reacting to the tuberculin test. Though it is true that 
tubercle bacilli may be excreted in the milk in the absence of any definite disease 
of the udder (Report 1909), some degree of tuberculous mastitis can generally be 
demonstrated — ^though not always clinically — in cows passing infected milk. It is 
probable that on an average about 0*5 per cent, of all milch cows in this country 
are excreting tubercle bacilli in the milk (see Chapter 59). The proportion of 
market samples of raw milk containing these organisms depends to a considerable 
extent on the degree to which the milk is bulked, but an average figure of about 
7 per cent, may be taken for the coimtry as a whole (Report 1932). The numbers of 
tubercle bacilli excreted by a single cow are variable from animal to animal, and 
from day to day, but it is probable that they may reach several hundred or even 
thousand per ml. (see Pullinger 1934). 

Br, abortus. — This organism is responsible for contagious abortion of cattle, 
which is probably economically more important in this country than tuberculosis. 
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The udder is frequently infected, even in animals tliat have not aborted (see Chap- 
ter 75) j though no lesions can be detected by clinical examination. The bacilli 
are excreted regularly or intermittently in the milk. Their numbers are usually 
greatest at the beginning of lactation, when they may reach as many as 200,000 
per ml, but in the later stages they diminish and rarely exceed 2,000 per ml. 
(Stockmayer 1936). The udder may remain infected for years. About 30 per cent, 
of samples of raw mixed milk offered for human consumption appear to contain 
this organism. 

Streptococci. — Mastitis streptococci are of various types, the most important 
being Str. agalactice (see Chapter 24:). They are excreted in variable numbers 
in the milk of cows suffering from mastitis. This disease is extremely common, 
and affects not only the poorer herds, but even herds producing high-grade milk. 
Pullinger (1935), for example, found that the milk from 10 out of 12 herds produc- 
ing Certified milk and 12 out of 14 herds producing Grade A tuberculin-tested milk 
contained mastitis streptococci when examined at intervals over a period of 15 
months. The majority of streptococci causing mastitis are probably non-patho- 
genic for man, but occasionally a strain of human type invades the udder, and may 
be responsible for outbreaks of scarlet fever or septic sore throat in persons con- 
suming the milk (see Bendixen and Minett 1938, Dublin et al 1943). The milk 
may also be contaminated directly with these organisms from persons who are 
either suffering from streptococcal throat lesions, or who are carrying these organ- 
isms in their throat or nasopharynx (see Henningsen and Ernst 1939). Most 
outbreaks of milk-borne streptococcal infection appear to result from the former 
method of infection. Though pathogenic streptococci must often gain access to 
TTiilk from human oases and carriers, their rate of multiplication in raw milk at 
ordinary temperatures is usually too slow for them to render the milk sufficiently 
infective to cause disease (see Pullinger and Kemp 1937). 

Staph, aureus. — This organism is a not infrequent cause of mastitis. It is 
often found in the apparently healthy udder, but in cows suffering from mastitis 
it may be present in large numbers in the milk. Its public health importance lies 
in the fact that, under favourable conditions, it may multiply in the milk and give 
rise to a toxin capable of producing gastro-enteritis in human beings (see p. 1605). 

C. diphtherise. — This organism occasionally finds its way into the milk from the 
throat or nasopharynx of a human carrier or case of diphtheria. Very occasionally 
it becomes implanted on ulcers on the cow’s teats. Such an occurrence is peculiarly 
dangerous, since the milk is uniformly infected (for references, see Goldie and 
Haddock 1943). 

Typhoid, paratyphoid, iood-poisoniag, and dysentery bacilli. — These important 
pathogenic organisms, which may occasionally contaminate the milk, are usually 
derived from human or other extraneous sources (see p. 1542). 

Quality in Milk. Cleanliness and Safety 

Quality is a composite, not a single, attribute of milk. There are, for example, 
(1) the nutritive quality, (2) the cleanliness, (3) the keeping quality, (4) the pas- 
teuiizability, and (5) the safety of milk, to mention only five of its most important 
attributes. Leaving aside the nutritive quality, which can be determined only 
by chemical analysis and animal feeding experiments, we may consider for a 
moment what we mean by the other four properties. 
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By cleanliness is generally understood tlie freedom of the milk from extraneous 
matter, from blood, and from an undue number of leucocytes and bacteria. It is 
an unsatisfactory term, but by general usage it has come to bear this connotation. 

The keeping QLnality of the milk refers, of course, to the length of time it will 
remain sweet, and free from odours and tastes that render it unpalatable. 

The pasteurizability of the milk is a term devised to indicate the suitability 
of the milk for heat treatment. It is, of course, a mistaken idea that any milk can 
be pasteurized. A milk that is too acid will clot when the temperature is raised, 
and the resultant product will have to be discarded. Again, as Anderson and 
Meanwell (1933) have shown, some milks contain large numbers of heat-resistant 
bacteria, which are not destroyed by pasteurization, and which therefore prevent 
the pasteurized product from conforming to the legal standard. 

The safety of milk is a term denoting its freedom from bacteria capable of 
giving rise to disease in man or animals. It is by some writers confused with clean- 
liness, but there is no necessary or constant relationship between these two proper- 
ties. Dirty milks, if free from pathogenic bacteria, may^ be quite safe, while very 
clean milks are not infrequently dangerous. 

It has already been pointed out that pathogenic bacteria in milk may come 
from (1) the udder, such as the tubercle bacillus, Br. abortus, and some streptococci 
and staphylococci ; (2) the infected nasopharynx of human beings handling the 
milk, such as hsBmolytic streptococci and diphtheria bacilli ; (3) excretal material 
gaining access either from the hands of human beings, or indirectly from water 
contaminated with urine or faeces — ^usually of human origin ; in one or other of 
these ways typhoid, paratyphoid, dysentery, and food-poisoning bacilli may be 
carried into the milk. These are the organisms responsible for dangerous milk. 
Those responsible for dirty milk, on the other hand, come from various sources, 
particularly unsterilized milk utensils, caked mud and manure on the cow’s udder, 
dirt on the milker’s hands, and from the fore-milk in the teat canal. Provided the 
cow is healthy, provided that none of the human beings handling the milk is a 
carrier of pathogenic bacteria, and provided that the water supply is pure, dirt 
and bacteria may gain access to the milk in considerable quantities without endan- 
gering the health of those consuming it. On the other hand, if pathogenic bacteria 
find their way into the mUk from one of the sources quoted above, no matter in how 
cleanly a manner the milk is produced, it is a potentially dangerous and unsafe milk. 

These conclusions are borne out by epidemiological experience, which has 
shown that several outbreaks of disease have followed the consumption of •milk 
of the highest standard of cleanhness. Without discussing this subject further, 
we .shall probably be wise to regard cleanliness and safety as two entirely separate 
attributes of milk. 

For human consumption it is desirable, of course, that milk should be both 
clean and safe. Clean milk is more sesthetically desirable, it has a better flavour, 
and it keeps longer. Moreover, it is not likely to contain any of those toxic sub- 
stances resulting from undue bacterial prohferation, which have an irritating effect 
on the gastro-intestinal tract—particularly of infants (see Park and Holt 1903 
and Chapter 72). The fewer organisms there are in milk, and the more 
bacterial proliferation is checked, the less liable is the milk to give rise to digestive 
disturbance of this type. 

As regards safety, it will be clear that no raw milk can ever he regarded as com- 
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<pletely safe for human consumption. The frequency of disease in cattle, the risk 
of contamination from human and other sources, and the suitability of the milk 
itself as a medium for bacterial multiplication, combine to render the consumption 
of raw milk potentially dangerous. The only satisfactory way of eliminating this 
danger is by pasteurization or some other form of heat treatment. 


Bacteriological Grading oi Milk 

From a public health point of view it is usual to grade milk bacteriologically 
partly according to cleanliness and partly according to safety. We may consider 
briefly the various methods available for these purposes. 

Grading according to Cleanliness. 

For a detailed description of the methods used and a study of their experi- 
mental errors, and for a critical discussion on the interpretation of their results, 
the reader is referred to the monograph by Wilson and his colleagues (1935). 

Sampling. — Since the answer given by any test is determined so largely [a) by 
multiple factors involved in the production and subsequent handling of the milk ; 
[b) by the care with which the milk is sampled, and (c) by the time-temperature 
conditions under which the sample is taken and kept prior to analysis, it follows 
that it is unwise to pay too much attention to the results of any single examination. 
The most satisfactory procedure is to make frequent and regular examinations 
of the milk of any given producer throughout the year, and insist that a given 
proportion, for example 75 per cent., of the samples should come up to a given 
standard. In this way some allowance will be made for factors over which the 
producer is unable to exercise complete control, while at the same time ensuring 
that the conditions of production as a whole are kept at a reasonably high 
level. 

Every endeavour should be made in the sampling of the milk to obtain a homo- 
geneous distribution of organisms and fat. With regard to the subsequent treat- 
ment of the sample, two alternative procedures are available. If the intention is 
to test the cleanliness of production, it is desirable to expose the sample after 
collection to an agreed temperature for a given length of time, in order that the 
latent contamination in milk produced under bad conditions may have time to 
develop. When testing milk delivered to the consumer, on the other hand, it is 
desirable to ice the sample at once, so as to obtain information on the degree 
of bacterial contamination at the time of delivery by the distributor. 

The sample may be examined by the following tests : 

(1) The Sediment Test. — The amount of extraneous matter in the milk is deter- 
mined either by filtration through a cotton pad, or by centrifugation. A simple 
sediment test of this sort is of value in controlling the gross dirt in milk and in 
education of the unhygienic farmer. Since, however, filtration through muslin 
gauze on the farm will remove dirt of this type, the absence of an obvious sediment 
must not be taken to mean that the conditions of production were satisfactory. 
Most of the bacteria in milk f ome, not from gross dirt, but from unsterilized utensils. 
Indeed, actual manure can be added to the milk without producing any marked 
increase in the bacterial content ; for this reason a sediment test is useful for the 
detection of gross particulate matter, the presence of which is not likely to be 
detected by purely bacteriological tests. 
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(2) Tie Cellular Content. — Normal milk contains various types of ceils, the 
number of which is estimated by different workers at between about 200,000 and 
1,000,000 per ml. These estimates probably err on the high side, though it may 
be noted that Strynadka and Thornton (1937) on a series of seven milks obtained 
cell counts ranging from 80,000 to 5,100,000 per ml. According to Prouty (1934), 
milk from perfectly normal udders contains, as a rule, less than 100,000 cells 
per ml. But the perfectly normal udder is almost a curiosity, and for practical 
purposes, therefore, we must allow a considerable margin on this figure. An 
abnormally high cell count may be due to retention of the milk in the udder, 
which leads to desquamation of the epithelial cells in the alveoli and ducts, to 
acute or chronic inflammation, which brings about a rise in the polymorphonu- 
clear leucocytes, or to some other cause. A mere count of the cells present affords 
little information about the quality of the milk, and it would be unwise to condemn 
a milk solely on account of an increased cell content. If long-chained streptococci 
are found in addition, the probability is that the cow is suffering from mastitis. 
Much more information can be obtained by a differential count, but the real value 
of this method lies in the help it gives to the veterinarian who is engaged in a study 
of the individual cow. 

(3) The Breed Smear Method. — The general technique of this method is to spread 
0*01 ml. of the milk over 1 sq. cm. on a glass slide, to fix and de-fat, to stain with 
methylene blue, to count the number of individual organisms — ^the Breed indi- 
vidual ’’ count — or preferably the number of groups of organisms, individual organ- 
isms each being regarded as a group — ^the Breed clump ’’ count — in a given number 
of fields, and finally to calculate the number of organisms in 1 ml. of the original 
milk. The result obtained affords an index of the total stainahle organisms present, 
not necessarily of the total organisms. The chief value of this method lies in its 
rapidity, which enables an opinion to be formed on the bacterial cleanhness of a 
milk within a few minutes. It is particularly suitable for use in collecting stations 
to which milk from individual farms is brought before being mixed and sent up to 
towns in large rail or road tanks. Unsatisfactory milks, which would taint the rest, 
can be picked out quickly, and returned to the producer. With a little experience, 
a mere glance over a few fields is sufB-cient to indicate the general quality of the 
milk. The Breed Smear method is also of value to the farm inspector in indicating 
the probable nature of the defect in unsatisfactory milk. Thus 'the presence of 
large masses and clumps of bacteria suggests unsterilized milk utensils ; the pre- 
sence of numerous organisms arranged in pairs or small units suggests inadequate 
cooling ; the presence of long-chained streptococoi associated with a high leuco- 
cyte count indicates mastitis, and so on (see Breed 1929). 

(4) The Keeping Quality Test. — The milk is kept in a special bottle at a given 
temperature, such as 60° E. or 70° E., and examined every 8 or 12 hours until it 
becomes sour or putrid. As a general method for controlling the hygienic quality 
of the milk, this test performs a useful function, but the fact that the end-point 
is entirely subjective necessarily exposes the result to a very large experimental 
error. Some degree of objectivity can be introduced into the test by the use of 
alcohol. If 1 ml. of a 68 per cent, solution of ethyl Mcohol is added to 1 ml. of 
the milk and the tube is inverted, precipitation of the casein occurs in milks that 
are near the souring point. On the whole, there is good agreement between the 
taste and the alcohol tests, the latter being slightly more sensitive (see Anderson 
and Wilson 1945). An indirect method, which appears to afford a good indication 
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of the keeping quality, is a modified metiiylene blue test carried out at 60° F. 
(see Provaii, Dudley and Thomas 1936). 

(5) The Plate Count. — This is one of the most widely used methods for the 
bacteriological grading of milk according to cleanliness. It is, however, exposed 
to criticism on so many grounds that it is doubtful whether its continued use is 
justifiable. Ostensibly the plate count measures the numbers of bacteria in the 
milk, but in fact it does not. The bacteria in raw milk are of many different kinds 
and come from varied sources. Often a large proportion are dead, while those 
that are alive differ in their nutritional, respiratory, and temperature requirements, 
so that no one medium incubated for a given length of time at a given tempera- 
ture under aerobic conditions can possibly afford a true estimate even of the living 
organisms present. More important still, however, is the fact that many of the 
bacteria are distributed, not individually, but in chains and groups of varying sizes. 
The colonies developing on plates are derived therefore, not solely from individual 
organisms, but also from aggregates containing varying numbers of bacteria. In 
consequence the plate count merely registers the number of bacterial particles 
capable of forming colonies under the particular conditions selected. Since the 
average number of bacteria per clump is variable from one milk to another, and 
not constant from time to time even in milk of the same origin, it follows that 
the figures yielded by the plate count are arbitrary, are not strictly comparable, 
and have no absolute significance. 

When it is further pointed out that these clumps of bacteria may disintegrate 
to a variable and quite uncontrollable extent during the process of dilution, leading 
in extreme instances to errors of 1,000 per cent. (Ward 1926), and that many of the 
individual steps in the technique of the count are very difficult to standardize, 
and even when standardized as nearly as possible are attended by a large experi- 
mental error, it will be realized that the figures yielded by the plate count are not 
merely arbitrary, but are also only approximate. (For a description and numerical 
assessment of the various errors of dilution, incubation, counting, personal bias 
and personal variability, sampling, overcrowding, and so on, see Wilson et al. 1935.) 

Even were it possible to standardize the technique of the plate count, it would 
still be necessary to allow a margin of i 50-90 per cent, on the result of any one 
milk, depending on the number of plates used for each dilution. Even this estimate 
would often fall short of the real variation met with in practice (Mattick et al, 
1935). However accurate the plate count may be for the enumeration of bacteria 
in pure broth cultures, it is plainly unsuitable for this purpose when applied to 
milk. Because the results are expressed quantitatively in figures extending over 
a wide range, they afford a fictitious appearance of accuracy which leads, not only 
in laymen, but even in public health officials, to a wholly unjustifiable feeling of 
confidence in their value. It is not denied that the plate count can be used as a 
rough yard-stick for the grading of milk, but it is denied that it can be used as 
a millimetre rule. As scientific bacteriologists we can hardly condone a practice 
which is little short of bacteriological prostitution. 

(6) The Ooliform Test. — Like the plate count, this method has been extensively 
used in the past for the grading of milk without any real appreciation of the funda- 
mental assumptions on which it rests. We have seen that in the analysis of water 
the coliform test affords us the most delicate index we have of excretal pollution. 
The main reasons for this are that (1) in this country something like 90 per cent, 
of waters giving a positive presumptive coliform reaction in MacConkey broth are 
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proved on fnrtlier examination to contain typical Bact. coli of excreta! origin 
(Bardsley 1934) ; (2) organisms of the Bact. coli type in water in this country are 
very frequently derived from human excretal material, and since human faeces 
and urine may contain pathogenic bacteria, the presence of any excretal pollution, 
as indicated by the coliform test, must be regarded as potentially dangerous ; and 
(3) as a rule, coliform organisms do not seem to multiply in water under natural 
conditions ; on the contrary, they tend to die out rather rapidly (Houston 1913). 
In this country, therefore, the coliform count in water indicates the minimal amount 
of excretal pollution that has occurred. 

"When we turn to milk we find that (1) a considerable proportion — something 
like 50-70 per cent. — of raw milks in this country in which coliform bacilli are 
found contain not the true Bact. coli but organisms of the intermediate or aerogenes- 
cloacse types. These organisms come mainly, not from faeces and urine, but from 
soil and grain, and their presence therefore in milk cannot be regarded as an index 
of excretal pollution ; (2) the true Bact. coli organisms that are found in milk 
appear to come either directly from cow-dung and manure, or indirectly from un- 
sterilized milk utensils in which bacterial multiplication has occurred. If they are 
derived from the latter source, they clearly afford no index of direct excretal pollu- 
tion. If they are derived from the first source, their presence may be considered 
objectionable on the ground that organisms pathogenic for man are sometimes 
present in the intestinal canal of the cow. The presence, however, in milk of 
excretal material of bovine origin must be regarded as very much less dangerous 
for man than that of human origin. (3) Unlike water, milk affords an admirable 
medium for the growth of coliform bacilli. If it is kept at a temperature of 50° F. 
or over, a great increase in their numbers may take place, a rise of several thousand- 
fold often occurring at 60° F. within 24 hours (see Ayers and Clemmer 1918, Finkel- 
stein 1919, Sherman and Wing 1933). Unless, therefore, the milk has been kept at 
40° F. or less, an estimation of the coliform bacilli affords only a very imperfect, 
and often entirely misleading, index of the extent of the original contamination. 
With a milk produced and kept under ordinary conditions, it is impossible to tell 
how many of the coliform bacilli gained access at the time of production, and how 
many are due to the multiplication of those originally present. 

It win thus be seen that none of the three premises on which the scientific 
application of the coliform test to water in this country is based holds true for 
milk. Even a differentiation of the coliform group into its constituent types is 
not likely to help us, since {a) it is impossible to tell how many of the different types 
were original contaminants and how many have resulted from growth, and (6) 
organisms of the faecal coli group are not necessarily derived directly from excretal 
material, but may come from unsterilized milk utensils on which they have been 
multiplying perhaps for several generations. 

The presence of coliform bacilli in small numbers in water or milk is not in itself 
objectionable ; it is merely as an index of the possible accompanying presence of 
pathogenic organisms that it is of importance. In milk, the coliform test cannot 
be used as an index of direct excretal pollution, for though it is true that if manure 
gains access to milk, coliform organisms will probably be found, the reverse conclu- 
sion does not hold true. There are so many other sources on the farm for these 
organisms that their presence in milk cannot be held to justify the conclusion that 
the milk has necessarily been contaminated with excretal m,aterial. The coliform 
test on milk fails to provide us with that specific qualitative information which it 
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supplies in tlie case of water, and as a general metliod of grading, therefore, it seems 
to be unsuitable. It may serve a useful purpose in the examination of the highest 
quality raw milk, since such milk often fails to show the presence of coliform bacilli 
in 1 ml. quantities even several hours after production (Mattick and Williams 
1925). Its use, however, in this connection is purely empirical, merely serving as 
an index of contamination of the milk from environmental sources. Again the 
test may be of some empirical value in the control of pasteurization, since the 
practical absence of coliform bacilli from pasteurized milk examined immediately 
after processing affords, except with very clean milks, a fairly good indication that 
pasteurization has been carried out efficiently. 

(7) The Modified Methylene Blue Reduction Test. — The general technique of this 
test is to add 1 ml. of a standard methylene blue solution to 10 ml. of milk in a 
test tube, to insert a sterile rubber cork, to invert the tube once or twice so as to 
mix the dye with the milk, to incubate in a constant-temperature water-bath at 
37°-38° C. in complete darkness, to invert the tube every half-hour, and to observe 
the time at which the dye is decolorized. If reduction has not occurred within a 
given time, then no further observations need be made (see Wilson et al. 1935). 

Reduction depends partly on the absorption of oxygen and the production of 
reducing substances by the organisms, and partly on the presence of a natural 
reducing system in the milk itself (see Hobbs 1939). Since some of the reducing 
enzymes and some of the organisms are adsorbed on to the fat, and since the fat 
gloWles themselves play an important mechanical part in increasing the surface 
available for enzyme action and in affecting the visual depth of colour, the neces- 
sity of preventing an accumulation of cream at the surface will be realized ; hence 
the necessity of half-hourly inversion. 

The rate at which methylene blue is reduced in milk depends partly on the 
number of organisms and partly on their metabohc activity. For this reason it 
affords a very good index, not only of the bacterial cleanliness of the milk, but also 
of its keeping quality. The test is unsuited for the milk of individual cows, and 
for freshly pasteurized milk, but affords quite a good index to the keeping quality 
of pasteurized milk as delivered to the consumer (Ciani 1939). Its chief value lies 
in affording a fairly rapid means of assessing the general hygienic quality of raw 
mixed milk. Its technical simplicity, its cheapness, and its extremely small 
experimental error render it admirably suited for the routine control of this type 
of milk. The reduction time to be laid down must depend on the level of cleanli- 
ness desired. A milk of high quality, which has been kept for about 12 hours 
at atmospheric temperature in this country, should not reduce methylene blue 
in less than about 8 hours in the winter or 7 hours in the summer, while one of 
fairly good quality should not reduce the dye in less than about 6 and 5 hours 
respectively. 

Besides the advantages already noted, the reduction test has certain other 
advantages over the plate count. The first is that the result does not appear to 
be affected to any considerable extent by the degree of aggregation of the bacteria, 
which is one of the most disturbing features of the plate count on milk. The second 
is that the test affords a much more deficate index of bacterial growth than the 
plate count. It will be remembered (Chapter 4) that during the lag phase bac- 
teria increase in size for some time before they commence to divide. The plate 
count therefore remains approximately constant during this phase. The reduction 
time, on the other hand, falls rapidly, owing to the active metabolism of the organ- 
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isms. It serves, in fact, as a remarkably sensitive index of growtli, and is hence 
peculiarly fitted to gauge the keeping qnality of the milk. The plate count yields 
a static picture of the bacterial population : the methylene blue reduction test 
affords a dyfiainic picture. (For comparison between the two tests see Wilson et al. 
1935, Nichols and Edwards 1936, Asdrubali 1939, Barkworth, Irwin and Mattick 
194:1). 

(8) The Resazurin Test. — The principle of this test, which owes its practical 
introduction mainly to the work of Ramsdell, Johnson and Evans (1935), is the 
same as that of the methylene blue test. The test consists essentially in adding 
to the TY^ilk a solution of resazurin to give a final concentration of 1/200,000, 
incubating at a given temperature, and' observing the time taken to bring about 
a change in the colour of the dye, or alternatively noting the colour reached after 
a given time. The colour passes from blue, through various shades of purple 
and mauve, to pink, and ultimately to complete decolorization. The change 
from blue to pink is due to the irreversible reduction of resazurin to resorufin : 
the change from pink to colourless is due to the reversible reduction of resorufin 
to hydroresorufin. The colour can be assessed by a suitable comparator. Num- 
erous methods of performing this test have been described (see Johns and Howson 
1940, Davis, Newland and Knuckey 1943). In this country a 10-minute test is 
used for the control of platform ’’ milk, that is producers’ milk arriving at a 
creamery, in order to see whether it is clean enough to be bulked with other 
milk. A longer test is employed by agricultural bacteriologists for the control 
of the general quality of milk at the time of production. 

The advantages of the resazurin over the methylene blue test are mainly two. 
Firstly, resazurin changes in colour rather more rapidly, and though complete 
reduction takes as long as or even longer than methylene blue, useful information 
can be obtained by noting a change in colour from blue to lilac or pink. Secondly, 
resazurin is more sensitive to the cell content of milk, and is therefore regarded 
by some workers as of value in the detection of mastitis. The practical importance 
of these two advantages is dubious. Admittedly a 10-minute test is useful as 
a screen for grossly contaminated milk ; but if the resazurin test is to be used 
as an index of keeping quality and the reduction of the dye observed to the pink 
stage, then there is practically no saving of time over the methylene blue test 
(Anderson and Wilson 1945). Watts and Stirling (1944), in a very careful investi- 
gation, found that the resazurin test, even when carried out on individual quarter 
samples, was of limited value for the routine diagnosis of mastitis, and practically 
valueless for the detection of milk from infected cows when mixed with normal 
milk; in fact, as much as 73 per cent, of the herd milk could be derived from 
cows suffering from mastitis without significantly altering the result of the resazurin 
test. 

The disadvantages of the resazurin test are that the dye is not easy to standardize 
and is very sensitive to sunlight, that the colour change has to be followed by 
a comparator, and that the lilac and pink stages are not easily appreciated by 
persons whose vision is insensitive to red colours. In general terms it may be 
said that the resazurin test is more influenced by abnormal milk such as colostrum, 
late-lactation milk, milk from cows with mastitis, and by milk containing organisms 
with low reducing powers, but that the methylene blue test affords the better 
indication of bacterial contamination of the milk. 

(9) The Laboratory Pasteurization Test. — This consists in making a plate count 
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before and after pasteurization in tlie laboratory, and noting the numerical reduc- 
tion that has occurred (Anderson and Meanwell 1933). Its main purpose is to 
detect the presence of heat-resistant and thermophilic bacteria in the milk, which 
may he present in such numbers as to prevent the pasteurized product from con- 
forming to the official standards laid down. It is essentially a test for use in 
processing depots. 

It will be realized that numerous tests are available for assessing the general 
cleanhness of milk, and that each of these tests affords an answer to a different 
question. Complete correspondence of the results of the different tests cannot 
therefore be expected. Experience has shown, however, that the Breed clump 
count, the plate count, and the modified methylene blue reduction test are all 
fairly highly correlated with each other. On individual milks, of course, the reduc- 
tion test and the plate count may give widely different results, owing mainly to 
the extraordinary high experimental error of the plate count, but on an average the 
results of these tests are very similar. For practical purposes, therefore, there 
seems to be no advantage in using the complex, expensive, and highly inaccurate 
plate count in preference to the simple, inexpensive, and accurate reduction test. 
From a public health point of view, probably only two divisions need be made 
on the basis of cleanliness, namely (a) into milk that is suitable and (b) into milk 
that is not suitable for human consumption in the liquid state. We would again 
emphasize that a clean milk is not necessarily a safe milk. 

Grading according to Safety. 

The pathogenic organisms for which search is commonly made in milk are the 
tubercle bacillus, £r. abortus, and haemolytic streptococci. The methods employed 
in searching for the first two organisms have already been described in Chapters 
59 and 75 respectively. 

The presence of mastitis streptococci in milk may be demonstrated microsco- 
pically or by culture, but according to Minett (1935) the microscopic method detects 
only about half of the cases that are positive culturally. The cultural method is, 
therefore, the method of choice. Individual quarter samples of the fore-milk 
should be plated out on to a suitable blood agar medium and a study made of 
the colonies that develop (see p. 565). The differentiation of Sir. agalactim from 
other closely related types has been discussed in Chapter 24. 

Milk Designations. — The grades of milk in England and Wales are defined in 
the Milk (Special Designations) Orders and Regulations 1936 to 1944. briefly, 
four main grades of milk are laid down — Tuberculin Tested, Accredited, Pasteur- 
ized, and Heat-Treated. Some of the more important requirements affecting the 
production and testing of these milks are set out in Table 205. 

It will be noted that (1) Tuberculin Tested milk may be pasteurized : (2) Accred- 
ited milk does not have to come from herds subjected to a tuberculin test, and 
hence cannot be guaranteed to be free from tubercle bacilli ; (3) Milk may be 

pasteurized either by the Holder method at 145°-150° E. for 30 minutes or by 
the High Temperature Short Time method at 162^ F. for 15 seconds ; (4) Ho 
regulations are laid down for the production of Heat-Treated milk ; (5) Tuberculin 
Tested (Pasteurized) and ordinary Pasteurized milk hare to conform to the standard 
of Heat-Treated milk as well as to a plate count test ; (6) There is no ofidcial 
designation for ordinary raw milk, and no bacteriological standard of cleanliness 
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Grades of Mile: laid down in the Milk (Special Designations) Orders and 
Regulations 1936-1944 for England and Wales. 


Designation. 

General Conditions. 

Bacteriological Requirements. 

Remarks. 

Tuberculin 

tested. 

Tuberculin test on herd 
at least every 6 
months. Veterinary 
inspection every 6 
months. 

Must not decolorize methy- 
lene blue in 4-| hrs. 
1st May to 31st Oct,, or 
in hrs.’ 1st Nov. to 

30th April. ^ Coliform 
bacilli absent from 
1/100 ml. 

(i) If bottled on farm, 

may be labelled 
Tuberculin Tested 
(Certified). 

(ii) If pasteurized, must 

not decolorize methy- 
lene blue in 30 mins.,® 
must not give a 
phosphatase reading 
of over 2-3 Lovibond 
units, and must have 
a plate count not ex- 
ceeding 30,000 per ml. 

Accredited. 

Veterinary inspection 
every 3 months. 

Same as for Tuberculin 
Tested milk. 

If bottled on farm, may 
be labelled Accredited 
(Parm Bottled). 

Pasteurized. 

Milk must be kept at 
a temperature (i) of 
145°-150° P. for not 
less than 30 mins, and 
be immediately cooled 
to 55° E. or below, or 
(ii) of not less than 
162° P. for at least 
15 seconds and be 
cooled as above. 

Must not decolorize methy- 
lene blue in 30 minutes, ^ 
must not give a 
phosphatase reading of 
over 2*3 Lovibond units, 
and must have a plate 
count not exceeding 
100,000 per ml. 

Pasteurizing plant must 
be approved by the 
licensing authority, and 
must be equipped with 
indicating and recording 
thermometers. Tempera- 
ture records must be 
preserved for at least a 
month. High Tempera- 
ture Short Time plant 
must be provided with 
an automatic flow-diver- 
sion valve. The milk 
• shall not be heated more 
than once. 

Heat- 

treated. 


1 

Must not decolorize methy- 
lene blue in 30 minutes, ^ 
and must not give a 
phosphatase reading of 
over 2*3 Lovibond units. 

No method of processing 
the milk is laid down. 
Any milk, therefore, 
including sterilized milk, 
that conforms to the 
bacteriological require- 
ments may be described 
as Heat-Treated milk. 


^ If the sample is taken before the milk has been placed in bottles or other containers for 
delivery to the consumer (i.e., producers’ mOk), it must be kept at atmospheric temperature 
till 6 p.m. if it is a morning milk, and until 10 a.m. on the following day if it is an evening milk, 
before it is tested bacteriologically. It is not necessary for every sample to be submitted to 
both reduction and coliform tests as a routine ; it will generally be found convenient in testing 
producers’ milk to have most of the samples examined by the methylene blue test alone, 
reserving the coliform test for occasional use {see Memo. 1937). 

^ The sample should be taken on the day of delivery, and must be kept at atmospheric 
shade temperature in transit to the laboratory. In the laboratory itself it must be kept at 
atmospheric shade temperature not exceeding 65*^ E. until between 9 a.m. and 10 a.m. on the 
foUowmg day, when the methylene blue test is begun. At no time after sampling should 
the milk be exposed to the direct rays of the sun (see Report 1944). 
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or safety is laid down for tMs type of milk. From tlie point of view of public bealtb. 
Tuberculin Tested (Pasteurized), Pasteurized and Heat-Treated are the only milks 
that can be relied upon as being free from the risk of causing disease. All otKer 
milks should be heated to the boiling-point before being consumed in the liquid 
state, if it is desired to ensure the destruction of pathogenic organisms. 

Diseases borne by Milk. — From the description that has already been given of 
the pathogenic organisms that may be found in milk, it will be realized that milk 
serves as an important vehicle in the spread of disease to man. The frequency of 
tuberculosis of bovine origin and of undulant fever due to milk-borne organisms 
has been considered in Chapter 59 and 75 respectively. In these diseases infec- 
tion of the milk occurs in the udder of the cow itself. In scarlet fever, septic 
sore throat, and diphtheria, infection occurs from the udder of the cow or from 
the nasopharynx of some person handling the milk, while in typhoid fever, para- 
typhoid fever, dysentery, and food poisoning the causative organisms generally 
gain access to the milk from the infected hands of some human attendant, or 
probably less frequently from a contaminated water supply. 

The true frequency of milk-borne disease is extremely difficult to estimate, 
partly because the disease is often insidious in its onset and suspicion of the milk 
supply is not aroused, and partly because isolated cases of milk-borne infections, 
even if they are recognized as such, are not usually recorded (see Bendixen et al, 
1937). In this country Savage (1912) attempted to collect the data referring to 
udlk-borne epidemics prior to 1912. Those from 1912 to 1937 have been collected 
by Wilson (1942) and are summarized in Table 206. 

TABLE 206 

Recoeded Outbeeaks of Milk-boenb Disease m Geeat Britaix in 1912-1937 (excluding 
Tuberculosis and Undulant Fever, and Outbreaks dub to Milk Products such as 
Ice-Cream, Cheese, and Cream Buns). (Wilson 1942.) 


Disease. ** 

No. of 
Outbreaks. 

No. of Outbreaks 
in which Number of 
Persons affected is 
stated. 

No. of Persons 
affected in these 
Outbreaks. 

Scarlet fever and septic sore throat 

40 

34 

5,331 

Diphtheria 

Typhoid fever, paratyphoid fever, 

20 

18 , 

36 

773 

3,229 

and dysentery 

39 

Gastro-enteritis 

14 

12 

4,346 

Total 

113 

100 

13,679 


These outbreaks merely represent those of which records are readily available, 
and almost certainly underestimate the real number, They pay no attention, of 
course, to sporadic cases of milk-borne infection, nor do they include the 6,000 
cases of tuberculosis of bovine origin nor the 400—500 cases of undulant fever, in a 
large proportion of which infection is milk-borne, that occur annually in Great 
Britain. 

In the United States Armstrong and Parran (1927) record data referring to 
612 milk-borne epidemics occurring during the preceding 20 years (Table 207). 

P.B. 3 X 
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TABLE 207 

Otttbkeaks oe Milk-borne Disease in the United States, 1906-26. (Armstrong and Parran 

1927.) 


Disease. | Xo. of Outbreaks. 

!N'o. of Cases 
(incomplete). 

No. of Deaths 
(incomplete). 

Typhoid fever 479 

Paratyphoid fever 7 

Diarrhoea and dysentery ... 6 

Septic sore throat 42 

Scarlet fever 40 

Diphtheria 26 

Misoeilaneons diseases .... 12 

14,968 

434 

09 

21,045 

3,939 

971 

878 

42,327 

219 

15 

5 

139 

20 

7 

5 

410 

Total 612 


This table again affords merely a conservative estimate of the frequency of 
milk-borne epidemics, and there is reason to believe that many outbreaks are not 
recognized or are not recorded (Brooks 1933). It will be noted that the relative 
incidence of enteric fever is very much higher than in Great Britain. During 
the years 1938 and 1939 the number of outbreaks in the United States transmitted 
by milk and milk products was 42 and 41 respectively, affecting 1,685 and 2,509 
persons (Erank 1940, Fuchs 1941). 

Dolman (1941) in Canada collected records of 67 milk-borne outbreaks during 
the years 1912 to 1939 affecting 8,348 persons ; 51 of the outbreaks were of enteric 
fever and resulted in no fewer than 729 deaths. 

We have no space to discuss the epidemiology of milk-borne disease. Apart 
from the explosive nature of the outbreak, it is interesting to note that in milk- 
borne scarlet fever and diphtheria the average age incidence is often very much 
higher than in non-imlk-borne epidemics. The majority of the cases may occur 
in persons of 15 years and over (see Godfrey 1929, Clarke 1936, Hill and Mitra 1936). 

Methods for increasing the Safety of the Milk Supply. 

These fall into three main categories. 

A. Control of Animal Disease. — Eeference has already been made in Chapas 
59 and 75 to the methods available for diminishing the frequency of tuber- 
culosis and contagious abortion in cattle, and in Chapter 67 to the elimination 
of mastitis. The success attendant on these measures will depend very largely 
on the vigour with which they are prosecuted. The eradication of disease, however, 
from the animal population is essentially an agricultural and veterinary problem 
to be undertaken in the economic interests of the farmer, and the task, particularly 
in this country where cattle disease is so widespread, is bound to be a long one. 
However much, therefore, we may support our veterinary colleagues in their enter- 
prise, we must remember that this mode of approach can afford only a tardy and 
a partial solution to the problems faced by the public health administrator, namely, 
that of supplying a safe milk to the human population. 

B. Control of the Human Personnel handling the Milk. — However healthy the 
animals producing the milk may he, there is always danger of its becoming infected 
directly or indirectly from the nasopharynx or faeces of hnman carriers of 8tr. 
pyogeneSi Q. dipMhencB, Balm, typhi. Balm, paroZyphi A and B, dysentery bacilli, 
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and bacilli of the food-poisoning group. In the United States some attempt 
tas been made to control the human personnel handling the milk. The most 
frequent examinations made comprise a physical inspection, a careful inquiry into 
the history of infectious disease, a series of fascal and urinary examinations for 
organisms of the enteric and dysentery groups, and nose and throat swabs for 
streptococci and diphtheria bacilli (see Borman et al, 1935). There is no question 
that close supervision of milk operatives, particularly of those working in pasteur- 
izing depots, is highly desirable. The procedure is, however, costly and is not 
free from administrative dijBdculties. Moreover, since the carrier state is often 
transient or intermittent, it is impossible without almost daily supervision to 
detect all dangerous persons. 

C. Heat Treatment of the Milk : Pasteurization, Boiling, and Sterilization.—The 
dangers of infection of milk from cattle, from the human personnel, and from water 
are so great that we shall not be overstating the case if we assert that no raw milk 
can be regarded as perfectly safe for human consumption. Clearly we must inter- 
pret this axiom with discretion, remembering always that the stringency of our 
precautions must be commensurate with the size of the population at risk. It is 
very difficult to assess in any particular instance the real danger run by persons 
consuming a given milk supply, and qur safest course is therefore to insist as far 
as possible that all pathogenic organisms shall be destroyed by some form of heat 
treatment. 

Pasteurization affords the most satisfactory means for this purpose. In this 
country two methods are permitted. The Holder process consists in raising the 
milk to a temperature of 145-150° F., holding it at this temperature for 30 minutes, 
and immediately cooling it to 55° F. or below. If this process is carried out in 
properly designed plant free from mechanical defects (see Scott and Wright 1935, 
Dalrymple-Champneys 1935), and supervised by intelligent and conscientious 
operatives, it can be relied upon to destroy all pathogenic organisms in the milk. 
In the so-called High Temperature Short Time process the milk must be, kept 
at a temperature of not less than 162° F. for at least 15 seconds and then cooled 
to 65° F. or below. 

The adequacy of heat treatment may be controlled by the jphosThatase test 
(Kay and Grraham 1935, Kay, Aschaffenburg and Keave 1939, Memo. 1943, Keport 
1944), which depends on the fact that the enzyme phosphatase, which is normally 
present in milk, is destroyed by a temperature of 145° F, within 30 minutes or of 
162° F. witMh 15 seconds. The test is carried out by incubating the milk in the 
presence of a buffered solution of disodium phenyl phosphate. The amount of 
pkenol that is liberated is measured by adding Folin and Ciocalteu’s reagent and 
estimating the depth of the resulting blue colour by a Lovibond tintometer or, 
more simply and approximately, by a Lovibond comparator. Haw milk gives 
figures of about 50 blue units, but in properly pasteurized milk the number of 
units is reduced to 2*3 or less. This is a most valuable test and can be used in 
practice to ensure that the processing of the milk is carried out satisfactorily. 
Phosphatase is slightly more resistant to heat than the tubercle bacillus, so that 
a negative phosphatase result is strong presumptive evidence in favour of the 
safety of the milk. 

The objections that have been raised to pasteurization, though often made 
on alpparently scientific grounds, are determined almost entirely by economic 
or political motives. The farmer, especially the producer-retailer, may not obtain 
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suoli a Ligh leturn for Ms milk if lie has to pasteurize it himself or send it to a 
pasteurizing depot as if he sells it directly to the customer in its original raw and 
possibly dangerous state. Producer-retailers, moreover, are afraid that pasteuriza- 
tion will lead to their being gradually absorbed by the big milk combines, which 
can of course afford to pasteurize and bottle their milk under very much more 
favourable conditions than is possible for a small producer. Though appreciating 
the force of these motives, we must not allow the public health of the nation to 
be sacrificed to the financial interests of a small section of the community. 

One of the cMef objections that has been raised is that pasteurization lowers 
the nutritive value of the milk. The evidence for and against tMs contention has 
been reviewed by several workers (see Stirling and Blackwood 1933, Beport 1934, 
1936, 1937-39, Bendizen et al. 1937, Wilson 1942). The main effects of pasteuriza- 
tion by the Holder method at 145°-150° F. for half an hour followed by immediate 
cooling to 55° F. or below are as follows : (1) the cream line is reduced by about 
10-30 per cent. (2) About 5 per cent, of the lactalbumin is coagulated. (3) There 
is a diminution of about 5 per cent, in the soluble calcium and phosphorus. (4) There 
is some destruction, amounting usually to about 10 per cent., and at the most 
to 25 per cent., of Vitamin Bi- (5) There is a variable diminution in the Vitamin C 
content, dependent on the degree of previous exposure of the -milk to light, the 
presence of copper in the pasteurizing plant, and the amount of dissolved oxygen ; 
at present, the average reduction is about 20 per cent. (6) Some of the iodine 
— almost certainly less than 20 per cent. — may be driven off as the result of volati- 
lization. (7) A high proportion of the bacteria in the milk are destroyed, leading, 
as a rule, to a considerable increase in the keeping quality. Against these positive 
changes may be set a number of negative findings. Thus it is found from feeding 
experiments on rats and calves that the biological value and digeitibility of the 
proteins is not decreased, that there is no detectable change in the avadlabiiity 
of calcium or phosphorus, that there is no loss of Vitamin A or D, and that the 
total energy of the milk remains unaltered. So far as human beings are concerned, 
it may be pointed out that milk is a poor source of Vitamins C and D, and that 
infants fed on milk, whether raw or pasteurized, should therefore always be given 
a supplement of fruit or vegetable juice and cod-liver oil. The differences between 
raw and pasteurized milk are far less than those between cows’ milk and human 
milk, or even between summer and winter samples of raw mil k (see Kay 1939). 
Extensive feeding experiments on rats, mice and calves, and comparative investiga- 
tions on cMldxen have failed to show that pasteurization has any significant effect 
in lowering the total nutritive value of the milk for the growing animal, and no 
fear need therefore be entertained that a policy of pasteurization will prejudice 
the nutritional development of the cMld population. 

From a public health point of view there are manifestly strong reasons why all 
milk intended for consumption in the liquid state by a community of any size 
should be submitted to pasteurization, the process being, of course, adequately 
controlled by the appropriate supervising 'authorities. There is reason to beHeve 
that if pasteurization was rendered compulsory and universal, milk-borne disease 
would practically cease to exist (see Wilson 1942). 

If pasteurization is impracticable, then the milk should be boiled in the individual 
household. The most satisfactory way of doing this is to bring it to the b off in a 
closed vessel, preferably a double saucepan, and cool it immediately to as low a 
temperature as possible. 
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Sterilization is tlie term used for a process wliich is applied commercially, and 
wUcli is intended to destroy all but tlie most resistant spore-bearing organisms. 
In some plants the temperature is not raised above boiling-point, but more usually 
tie milk is beated under a slight pressure. It is distributed in hermetically sealed 
bottles. Bacteriologically the milk is perfectly safe, but the partial caramelization 
wliich it undergoes renders its flavour unpalatable to most persons. 
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All organisms are listed under the generic names given in the Classificatory Chart on 
p. 319. Since many rod-shaped organisms have in the past been known under the generic 
name of Bacillus, irrespective of whether or not they belonged to this genus, we have for 
the convenience of the reader included most of them under the hea£ng Bacillus (non- 
italicized). This heading should therefore be consulted by those who are doubtful to what 
genus a given organism belongs. 


de Aar disease, 1648 

Abel-Loewenberg bacillus, 494, 667, 1789 
Abortin. See Brucellin 
Abortion, contagious, in cattle, 1708 
diagnosis of, 1711 
epizootic, of mares, 1968 
human, due to Br. abortus, 1698 
infection of calves in, 1711, 1716 
infection of millc in, 1709, 1713 
infectious, in cattle and sheep due to 
Vibrio fetus, 1720 
mode of infection in, 1710 
prophylaxis of, 1715 
by eradication, 1716 
by vaccination, 1716 
Abortus fever. See XJndulant fever 
Accessory food factors in bacterial growth. 

See Vitamins 
Acetohacter aceti, 605 

Acetyl- choline, relation to anaphylactic shock, 
1150 

Achalme’s bacillus. See Clostridium welchii 
Achromohacterium, 640, 641 
Acid agglutination, 213, 692 
Acid-fast bacilli. See Mycobacterium 
Acid-fastness, 38 
cause of, 407 

Acidophilic bacteria, definition of, 757. See 
also Lactobacillus 

Acids, effect of on bacteria, 118, 2017. See 
also under pH 

Aciduric bacteria, definition of, 757. See also 
Lactobacillus 

Acne bacillus, 471, 1403, 1492, 1605, 1506 
Acriflavine, disinfection by, 135 

for distinguishing smooth and rough 
organisms, 823 

Actinobacillosis, 389, 1270, 1279-1281 

differentiation of, from actinomycosis, 
1280 

pneumonia in calves due to Actindbacillus 
actinoides, 1281 
Actinohacillus, 389-B93 
actinoides, 391, 1270 

causing pneumonia in calves, 1281 
in otitis media of rats, 1499 
actinomycetem-comitans, 391, 1274 
lignieresi, 389, 1270 
disease due to, 1279 
tabulated reactions of, 392 


Actinomyces, 373-389 

acid-fast types of, 375, 381, 387 
aerial hyphse of, 377 
antigenic structure of, 379 
biochemical characteristics of, 378 
classification of, 380 
cultural reactions of, 376 
culture clubs of, 376 
Drusen of, 375 
growth requirements of, 378 
habitat of, 374 

human and bovine types of, 379 
in mouth and salivary calculi, 1272 
morphology of, 374 
non-acid-fast types of, 375, 381, 387 
pathogenicity of, 379 
pigment formation of, 379 
resistance of, 378 
spores of, 375 

tabular differentiation of, 392 
tissue clubs of, 375 
variation in, 379 
asteroides, 388, 1276 
bovis, 373 et seq., 382, 1270 
caprce, 387, 1276 
farcinicus, 387, 1276 
graminis, 373 et seq., 384 
gypsoides, 388, 1275 
madurcB, 376 et seq., 383, 1276 
muris, 381, 385, 939, 1277, 1910 
uecrophorus. See Fusiformis 
putorii, 387 
somaliensis, 387 
variabilis, 388 

Actinomycetes, antibacterial substances formed 
by, 175 

Actinomycetin, 176 
Actinomycin, 176 
Actinomycosis, 1269-1278 

differentiation of from actinobacillosis, 
1280 

Drusen in, 1270, 1272 
due to Actinomyces bovis, 1270-1274 
in cattle, 1271 

due to aerobic Actinomyces, 1270, 1275- 
1276 

cattle farcy, 1276 
in goats and horses, 1276 
in man, 1275 
Madura disease, 1275 
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Actinomycosis, due to facultative aerobic 
ActiTiomyces, 1276-1278 
infective arthritis of mice, 1278 
rat-bite fever, 1276 
in swine, 1271 
mode of infection in, 1271 
Activated sludge method in sewage purifica- 
tion, 2033 

Active immunity. See Immunity, active 
Adaptive enzymes in bacteria, 293 
Adhesion phenomenon, 912, 1833 
Adjuvant substances for enhancement of 
antigenic response, 1115, 1116, 1123 
Adsorption in antigen-antibody reactions, 199, 
216-219, 226, 240, 273-275 
Aerobacter. See Bacterium serogenes 
Aerobes, obligatory, 70, 360 
enzyme systems of, 70 

Aerobic and anaerobic incubation, use of in 
obtaining pure cultures, 354, 360 
Aerobic spore-bearing bacilli. See Bacillus 
Aerobiosis, 70 seg, 

in identification of bacteria, 360 
Aerosols, 2007-2009 
African horse sickness, 1965 
Agalactia, contagious, of goats, 945, 1867 
Agar, 10 

Agglutinating serum, use of in obtaining pure 
cultures, 355 

Agglutination, 211. See also Antigen-anti- 
body reactions and under individucd diseases 
Agglutinins. See also Antigen-antibody re- 
actions 

absorption of, by bacteria, 212, 273 
cold, in virus pneumonias, 1877 
formation of in response to infection, 1120 
to primary stimulus, 1106 
to repeated injections, 1113 
natural, 1085 et seq. 

for various organisms. See under 
individual diseases 
protective action of, 1058 
Agglutinogens, 195. See also Antigens, bac- 
terial 

Aggressins, bacterial, 1068-1074 
antigens, relation of to, 1072 
anti-opsonic effect of, 1069-1071 
pneumococcal polysaccharides as, 1678 
polysaccharide haptens as, 1072 
Air, bacteriology of, 2002-2010 
contamination of, 2004 
droplet infection of, 1312, 2003 
infection of, measures for controlling, 
2005-2010 

liquid, effect of on bacteria, 112 
Ahiyami, 1834 
Alastrim, 1884, 1889 
Alcohol, effect of on immunity, 1209 
Alcoholized T.A.B. vaccine, 1553 
Alcohols, effect of on bacteria, 132 
Alexine, 193, 196 

Alimentary tract, bactericidal mechanisms in, 
1020 

normal flora of, 1986 
importance of, 1989 
origin of, 1989 
suppurative lesions of, 1497 


Alkalies, effect of, on bacteria, 120 

on bactericidal action of gastric iuiVp 
1021-1023 ’ 

ADantiasis. See Botulism 
AUergy, 1160-1168 
bacterial, 1162 

relation to immunity, 1163, 1201, 1330 
infection-immunity in, 1165 
Koch’s phenomenon as example of 1161 
1326 

tuberculin reaction, as example of 1161 
1326 

virus diseases, in relation to, 1241 
Al'pha rays, effect of on bacteria, 110 
a-hydroxyphenazine, 173 
Aluminium salts, effect on antigenic stimulus 
1115 

Alum-precipitated toxoid in diphtheria im- 
munization, 1393 
Amboceptors, 198, 225, 228 
Amino-acids, as essential nutrients for bac- 
teria, 65 

role of in bacterial nutrition, 56, 62 
Amino-acridine compounds in chemotherapv 
172 

Ammonia, methods of examination for, 369 
Anaemia, infectious, of dogs, 904, 1798 
of horses, 1837, 1966 
of rats, 904, 1797 
Anaerobes, enzyme systems of, 70 
facultative, 70, 360 
obligatory, 70, 360 

Anaerobic bacilli, species of. See Fusiformis 
and Clostridium 

Anaerobic infections of animals, 1778-1783 
black disease, 1780 
Cl, gigas in, 1781 
relation of liver flukes to, 1781 
blackleg, 1778 
braxy, 1779 

German type, 1780 
Northern type, 1779 
due to Cl. welchii, 1781-1783 

enterotoxsemia, infectious, of sheep, 
1782 

lamb dysentery, 1781 
pulpy kidney disease of lambs, 1782 
“ struck ” in sheep, 1782 
gas gangrene, 1778 
malignant oedema, 1778 
Anaerobic spore-bearing bacilli. See Clos- 
tridium 

Anaerobic streptococci, 596, 1484, 1772, 1996 
Anaerobiosis, 70 et seq, 

in identification of bacteria, 354, 360 
possible relation of hydrogen peroxide to, 
72 

rOle of oxidation-reduction potential in, 71 
Anamnestic reaction, 1122 

diagnosis of enteric fever in inoculated 
persons in relation to, 1539 
Anaphylactic shock, 1136-1151 
acetyl- choline in, 1150 
anaphylactoid shock, relation of to, 1144 
anaphylatoxin in, 1143 
desensitization in, 1142 
different antisera, effectiveness of in, 1140 
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Anapliylactic shock, haptens, role of in, 1141 
histamine shock, relation of to, 1144, 1148 
humoral hypothesis of, 1143 
in the dog, 1138 
in the guinea-pig, 1137, 1147 
in the rabbit, 1138 
in various animals, 1139 
induction period in, 1136 
inhibition by antihistamine sera, 1150 
by histaminase, 1150 
by normal sera, 1148 
mechanism of, 1142-1151 

cellular hypothesis of, 1145 
Schultz-Dale technique in study of, 
1146 

passive sensitization in, 1140 
peptone shock, relation of to, 1 144 
reversed passive anaphylaxis in, 1140 
sensitization to, factors effecting, 1136 
Anaphylactoid shock, 1144 
Anaphylatoxin, 1143 

Anaphylaxis, 1136-1151, 1156. See also 

Allergy, Anaphylactic shock and Hyper- 
sensitiveness 

Arthus’ phenomenon in, 1151 
genetic factors in, 1159 
local reactions in, 1151, 1156 
relation of to immunity, 1146, 1164 
Anatoxin, 1392 
Angina, Vincent’s, 914, 1810 
Angular conjunctivitis, 898 
Aniline dyes, effect of on bacteria. See Dyes 
Animal diseases. See under name of disease 
and species of animal 
Animal poxes. See Poxes, animal 
Animals, anaerobic infections of. See Anae- 
robic infections of animals 
Anions, effect of on bacteria, 124 
Antagonizers of chemotherapeutic agents, 159, 
161, 165, 166 
Anthrax, 1730-1744 
Ascoli test in, 1738 
chemotherapy in, 1743 
cutaneous, susceptibility to, 1183, 1184 
diagnosis of, 1737 

experimental production of in animals, 
1736 

in animals, 1731, 1735 

infection of milk in, 1735, 1740 
in man, 1733, 1735 
local immunity to, 1184 
mode of infection and spread, 1732 
by earth-worms, 1732 
by ffies, 1733 
by food-stuffs, 1732 
natural immunity to, 1739 
prevention of, 1740 
serum treatment of, 1743 
symptomatic. See Blackleg 
vaccination against, 1740 
wool-sorters’ disease in, 1733, 1734 
Antibacterial immunity. See Immunity, anti- 
bacterial 

Antibacterial index, 162 
Antibacterial substances, 155, 172 
from bacteria, 173, 174 
from moulds, 175 


Antibacterial substances, susceptibility to 
in relation to Gram’s stain, 38, 170 
Antibiotic agents, 155, 175 
Antibodies. See also under Antigen-antibody 
reactions 

availability in tissues of host, 1058 
blocking, in allergic reactions, 1159 
distribution of in tissues, 1058 
electrophoretic fractionation, 242, 246, 
248, 1030, 1092, 1385 
fate of, after injection, 1124 
formation of, 1101 et seq. 

adjuvants, effect of on, 1115 
agglutinins ’ 0, formation of after 
administration of antigen by 
mouth, 1117 

anamnestic reaction in, 1122 
as evidence of specific infection, 1002 
avitaminosis, effect of on, 1192, 1198, 
1204 

blockade, effect of on, 1103 
by synthesis in contact with antigens, 
1127, 1128 

different antigens, in response to, 
1108 

dispersal of inoculum, effect of on, 
1115 

dosage, effect of on, 1107 

in skin, 1102 

in lymphocytes, 1105 

in tissue cultures, 1105 

in various organs, 1102, 1104 

in vitro, 1128 

local, 1101 

mechanism of, 1127 

metallic salts, effect of on, 1115, 1122 

multiple antigens, in response to, 

1109 

negative phase in, 1116 
non-specific stimulus in relation to, 
1120 

oral administration of antigen in 
response to, 1117 
physiological fate of, 1127 
pneumococcal polysaccharides, in re- 
sponse to, 1684 

primary stimulus in response to, 1106 
protective action of in vivo, con- 
ditions of, 1057 

f repeated injections, effect of on, 1113 
reticulo-endothelial system, rdle of in, 
1102 

secondary stimulus in response to, 

1110 

spleen, rdle of in, 1103 
Bulphonamides, effect of on, 1213 
synthesis in vitro of, 1128 
transference of via colostrum, 1077, 
1088 

via placenta, 1077, 1088 
various factors, effect of on, 1104 
various tissues, role of in, 1105 
virus injections in, 1241 
volume of inoculum, effect of on, 1114 
general properties of, 194, 242 
“ heavy,” 245 

heterophile. See Borssman antibody 
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Antibodies, modification of, by cbemical means, 
247 

by enzymes, 247 
by physical means, 247 
molecular weight of, 243, 245 
monospecific, homogeneity of, 249 
natural, 1075-1097 

age in relation to, 1091 
antibacterial antibodies, 1085, 1092- 
1096 

agglutinins, 1085 et seq. 

Brucella infections, 1699 
in latent Salmonella infec- 
tions, 1533 
bactericidins, 1086 
complement-fixing, 1086 
immunological significance of, 
1095 

origin of, 1092-1095 
antitoxins, 1075 

in blood of normal horses, 1084 
immunological significance of, 
1084 

origin of, 1076-1084 

environment in relation to, 
1080 et seq. 

rate of development under dif- 
ferent conditions, 1083 
viricidal, 1226 

possible inclusion of antigens in, 1127 
protein nature of, 242 et seq. 
purification of, 243 
reagins, relation of to, 1157 
serum-globulins, relation of to, 244 
site of formation of, 1101-1106 
unity or diversity of, 248-252, 285 
valency of, 250 
various, names of, 195 

Antibody-forming apparatus, 1101-1131. See 
Antibodies, formation of 
Antibody globulin, 242 
varieties of, 245 
Anti- endotoxins, 1008 

failure of law of multiple proportions in 
action of, 1009 

Antiformin, use of in obtaining pure cultures, 
354, 418, 1321 

Antigen-antibody reactions, 192-265 

adsorption in, 199, 216-219, 226, 240, 273- 
275 

agglutination, 211 

cohesive force in relation to, 214 
electric charge in relation to, 213 
electrolytes in relation to, 213 
in diagnosis. See under individual 
diseases 

optimal antigen — antibody ratio in 
relation to, 212 

potential difference in relation to, 214 
tests of lattice hypothesis in, 221 
alexine, 193, 196 

antigen and antibody, combination of, in 
varying proportions, 205, 216, 219, 227 
240 

antigenic specificity, surface structure in 
relation to, 263 

Arrhenius and Madsen’s theory of, 199, 239 


Antigen-antibody reactions, bactericidins, 228 
bacteriolysis, 192, 228 

Neisser-Wechsberg phenomenon in 
228 ’ 
Pfeiffer’s reaction, 192, 1050, 1425 
bacterio tropins, 194, 235 

complement, relation of to, 236 
electric charge in relation to action 
of, 235 

relation of to opsoiiins, 235 
Bordet’s theory of, 199 
capsular swelling reaction, 241 
combination in varying proportions, 205 
complement, 193, 196 
nature of, 229 
unity or diversity of, 229 
complement fixation, 232 

in diagnosis. See under individual 
diseases 

optimal conditions for, 233 
relation of to precipitin reaction, 233 
differences in antigenic structure in rela- 
tion to, 285 

efficacy of in vivOf 1061 
Ehrlich’s theory of, 196 
electrolytes, effect of on, 200, 207, 211, 
213, 226 

Ereundlich isotherm in relation to, 218 
hasmolysis, 193, 224 

supposed r61e of amboceptors in, 225 
temperature, effect of, on, 227 
haptens, inhibition of precipitation by, 257 
hydrophile and hydrophobe states in rela- 
tion to, 209 

lattice hypothesis of, 208, 220 
law of multiple proportions in, 217 
mass law in, 219 

microscopic appearance of specific aggre- 
gates, 223 

miscellaneous manifestations of, 240 
nature of union in, 263 
• opsonins, 194, 235 

complement, relation of to, 236 
electric charge in relation to action of, 
235 

relation of to bacteriotropins, 235 
optimal antigen : antibody ratio in rela- 
tion to, 201 et seq., 212 
relation of constant-antigen ratio to 
constant-antibody ratio, 203-207 
relation of to chemical equivalence, 
204 

precipitin reaction, 200 

effect of various factors on, 200 
electrolytes, effect of, on, 200 
in standardization of antipneumo- 
coccal serum, 1681 
optimal antigen-antibody ratio in 
relation to, 201 

relation' of to complement fixation, 
233 

tests of lattice hypothesis in, 221 
qualitative aspects of, 242-265 
quantitative aspects of, 201-241 
reversibility of, 216 

effect of salts on, 214 
“ side-chain ” theory of, 196 
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Antigen-antibody reactions, specificity of, 
252 

terminology employed in relation to, 194 
et seq. 

toxin-antitoxin reaction, 238-240 
antitoxin, unit of, 238 
Danysz phenomenon in, 216, 240 
Ehrlich’s phenomenon in, 239 
epitoxoids in relation to, 239 

toxin, Lq and L+ doses of, 239 
Minimal Lethal Bose of, 238 
unit of antitoxin, 238 
“ two-stage ” hypothesis of, 208 
nmtarian hypothesis of, 248 
unity or diversity of antibodies, 248, 252 
Antigenic structure of bacteria, 273-285. See 
also under individual species 
bacterial variation in relation to, 276 
bacteriophage activity in relation to, 338 
chemical methods in determination of, 
279 

classification in relation to, 314 
determination of by selective absorption 
of agglutmins, 273 

different antigen-antibody reactions in 
relation to, 285 

fallacies in determination of, 274, 275, 281 
flagellar antigens, 276, 283, 284 

group and specific phases of, 279 
Eorssman antigen in, 282, 1090 
H antigens, group and specific phases of, 
278 

heterophile antigen in, 282 
localization of antigens in bacterial cell, 
283 

0 antigens, 277 

optimal proportions, in determination of, 
276 

roughness in relation to, 277, 285 
sharing of antigens by different bacteria, 
282 

smoothness in relation to, 277, 285 
somatic antigens, 276, 283 
Antigenicity, of denatured protein, 261 
of gelatin, 260 
of proteins, 259 

r61e of carbohydrate in, 261 
Antigens. See also Antigenic structure of 
bacteria and Antigen-antibody reactions 
atopens, relation of to, 1154 et seq. 
bacterial. See under Antigenic structure 
of bacteria 

aggressins, relation of to, 1071 
bacteriophage, in relation to, 338 
endotoxins, relation of to, 1008 
relation of to active immunization, 
. 1055 

basis of antigenicity of, 259 
basis of specificity of, 252 
chemical nature of in relation to stimu- 
lation of antibody production, 1119 
different, effect of simultaneous injection 
of, 1109 

filtrable viruses, of, 1240 
B’orssman, 1089 

in bacteria, 282, 1090 
general properties of, 194 


Antigens, haptens, 258 

aggressive action of in pneumonia, 
1071, 1679 

anaphylaxis, idle of in, 1141 
antibody formation, stimulation of, 
by, 1119, 1684 

bacterial polysaccharides as, 258 
complex, 258 
in filtrable viruses, 1237 
in Forssman antigens, 1090 
in human group A substance, 1090 
inhibition of precipitation by, 257 
relation of to complete antigens, 258 
simple, 258 
masked, 262 

nature and properties of, 252 
organ specific, 252 

persistence in body, effect on immunity of, 
1129 

possible inclusion of in antibodies, 1127 
proteins in relation to full antigenicity of, 
260, 1119 

species, specific, 252 
synthetic, 253-256 

diazo reaction in preparation of, 253 
inducing type-specific immunity 
against pneumococci, 1054 
valency of, 262 
various, names of, 195 

Antipneumococcal immunity, experimental, 
in rabbit, 1037, 1048-1052 
Antisepsis, Lister’s studies on, 11 
Antitoxic immunity, 1029-1033. See Im- 
munity, antitoxic 

Antitoxin. See also under individual diseases 
avidity of, 1030 

natural, 1075 et seq. See Antibodies, 
natural 

route of administration of, effect of, 1124, 
1763 

unit of, 238 

Antiviral antibodies, 1237 
Antiviral immunity. See Immunity, antiviral 
Appendicitis, 1497 ^ 

bacteriology of, 1497 
isolation of Eusiformis from, 477 et seq. 
Arrhenius and Madsen’s theory of antigen- 
antibody reactions, 199, 239 
Arsenic compounds in chemotherapy, 155, 156, 
171 

Arsenic-fast strains of spirochaetes in relapsing 
fever, 1808 

Arthritis in rheumatism, 1509 et seq. 
in joint ill, 676, 1284, 1496 
infective of mice, 386, 1278 ‘ 
purulent, 1496 
Aithus’ phenomenon, 1151 
Alscococcus mesenterioides, 627 
Ascoli’s thermoprecipitin reaction, 1738 
Aspergill^ 175 
Aspergillic acid, 177 
Asterococcus cants, 946 
mycoides, 940 

Asthma, hypersensitiveness in relation to, 1153 
Atopens, 1154 et $eq. 

simple compounds as, 1155 
Aujesky’s disease, 1941 
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Australian X encephalitis, 1918 
Auto-disinfecting mechanism of alimentary 
tract, 1020, 1988 
of conjunctivse, 1025 
of genital tract, 1025 
of nose and naso-pharynx, 1023 
of skin, 1019 
Autotrophic bacteria, 61 

Autoxidizable substances in bacterial meta- 
bolism, 48 

Autumn diarrhcea in cattle, 1720 
fever of Japan, 1828, 1836 
fever of Queensland, 1828, 1837 
Avian spirochsetosis, 1808 
Avidity of antitoxin, 1030 
Azotohacter, 497-499 
agiliSf 499 
beijeriTicki, 497 
chroococcum, 497, 498 
vinelardii, 497 
vitreus, 4:91 
woodstoitmi, 497 

B.O.G., 1306, 1331, 1337, 1347 
B encephalitis, 1917 
B virus of myelitis, 1921 
Babes-Emst granules, 23 
in G. diphtherisB, 449 
in Neisseria^ 532 
Bacillaemia. See Bactersemia 
Bacillary haemoglobinuria of cattle, 891 
Bacillary white diarrhoea of chicks, 1555 
Bacillus, Bang’s abortion. See Brucella 
abortus 

Bang’s necrosis. See Fusiformis necro- 
phorus 

of Abel-Loewenberg, 494, 667, 1789 
of Achalme, 886 
of Boas-Oppler, 750, 757, 764 
of Bordet-Gengou. See Haemophilus per- 
"t^SS^S 

of Galmette-Guerin (B.C.G.), 1306, 1331, 
1337, 1347 

of Danysz. See Salmonella enteritidis 
of Benelse. See Vibrio 
of Boderlein, 750 et seq,, 757, 1996 
of Bucrey, 791 et seq,, 807, 1790 
of Binkler-Prior. See Vibrio 
of Blexner. See Shigella 
of Briedlander. See Bacterium 
of Gaertner. See Salmonella enteritidis 
of Glasser, See Salmonella typM-suis 
of GrigorojBT, 764 

of von Hibler (IX). See Clostridium ter- 
tium 

of Hirsehfeld. See Salmonella paratyphi G 
of Hiss, 689 

of Hofmann. See Gorynebacterium 

of Johne. See Mycobacterium 

of Hoch-Weeks, 791 et seq., 807, 1496 

of Massauah. See Vibrio 

of Massol. See Lactobacillus bulgaricus 

of Morax-Axenfeld, 898 

of Morgan. See Proteus morgani 

of Nasik. See Vibrio •» 

of Xocard, 1873 

of Perez, 494 


Bacillus of Petit, 899 

of Preisz-Nocard. See Gorynebacterium 
ovis 

of Hodella (III). See Clostridium tertium 
of Schmitz. See Shigella 
of Schmorl. See Fusiformis necrophorus 
of Shiga. See Shigella 
of Sonne. See Shigella 
of Sordelli. See Clostridium bifermentans 
of Voldagsen. See Salmonella typhi-suis 
var. vddagsen 
of Welch. See Clostridium 
of Whitmore. See Pfeijferella 
of leprosy. See Mycobacterium leprae 
of mouse septicaemia. See Erysipelothrix 
muriseptica 
of ozaena. See Ozaena 
of rat leprosy. See Mycobacterium of rat 
leprosy 

of soft chancre, 791 et seq., 807, 1790 
of sputum septicaemia, 668 * 
of timothy grass. See Mycobacterium 
phlei 

aberdeen. See Salmonella 
abony. See Salmonella 
abortus. See Brucella 
abortus -bo vis. See Salmonella 
abortus-equi. See Salmonella 
abortus-ovis. See Salmonella 
accra. See Salmonella duhlin 
acetobutylicum. See Clostridium 
acidi-lactici. See Bacterium 
acidophil-aerogenes. See Lactobacillus 
acidophilus. See Lactobacillus 
acnes. See Gorynebacterium 
actinoides. See Actinobacillus 
actinomycetem-comitans. See Actino- 
bacillus 

adelaide. See Salmonella 
aerofoetidus. See Clostridium 
aerogenes. See Bacterium 
aerogenes capsulatus. See Clostridium ’ 
welchii 

aertrycke. See Salmonella typhi-murium 
aeruginosus. See Pseudomonas pyocyanea 
agilis. See Azotohacter 
alkalescens. See Shigella 
alkaligenes. See Bacterium 
altendorf. See Salmonella 
amager. See Salmonella 
ambiguus. See Shigella schmitzi 
amersfoort. See Salmonella 
amethystius. See Ghromobacterium 
amherstiana. See Salmonella 
amylobacter. See Clostridium 
anatum. See Salmonella 
aquatilis. , See Ghromobacterium 
arechavaleta. See Salmonella 
arizona. See Salmonella , 

arthritidis muris. See Gorynebacterium 
asiaticus. See Bacterium 
aurantiacus. See Ghromobacterium 
avisepticus. See Pasteurella 
azophile, 499 
baUerap, See Salmonella 
bareiUy. See Salmonella 
batavia. See Salmonella 
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Bacillus beijerincki. See Azotobacter 
berlin. See Salmonella thompson 
berolinensis. See Vibrio and Lactobacillus 
berta. See Salmonella 
bifermentans. See Clostridium 
bifermentans sporogeiies. See Clostri- 
dium bifermentans 
bifidus. See Lactobacillus 
binns. See Salmonella typhi-murium 
bispebjerg. See Salmonella 
blegdam. See Salmonella 
bonariensis. See Salmonella 
borbeck. See Salmonella 
botulmus. See Clostridium 
bovimorbificans. See Salmonella 
bovisepticus. See Pasteur ella 
brsenderup. See Salmonella 
brandenburg. See Salmonella 
bredeney. See Salmonella 
brevis. See Lactobacillus 
broncbicanis. See Hsemophilus bronclii- 
septicus 

broncbisepticus. See Haemophilus 
bubalisepticus. See Pasteurella 
buccalis muciferens, 668 
bucbneri. See Lactobacillus 
budapest. See Salmonella 
bulgaricus. See Lactobacillus 
butyricus. See Clostridium and Myco- 
bacterium 

cadaveris butyricus. See Clostridium 
welchii 

California. See Salmonella 

caloritolerans. See Clostridium 

Cambridge. See Salmonella 

canalis capsulatus, 667 

canastel. See Salmonella 

eapitovalis. See Clostridium 

capsulatus, 668 

Cardiff. See Salmonella 

learnis. See Clostridium 

carrau. See Salmonella 

casei. See Lactobacillus 

caucasicus. See Lactobacillus 

cavise. See Pseudomonas 

cavisepticus mobilis, 787 

centrosporogenes. See Clostridium 

cerro. See Salmonella 

ceylonensis, 685 

cbaco. See Salmonella 

cbauvcei. See Clostridium 

cheater. See Salmonella 

cholerse. See Vibrio 

cholerse-suis. Bee Salmonella 

chroococcus. See Azotobacter 

claibomei. See Salmonella 

cloacse. See Bacterium 

cochlearius. See Clostridium 

coeruleus. See Chromobacterium 

coli. See Bacterium 

coli-anaerogenes. See Bacterium 

coli-communior. See Bacterium 

coli- communis. See Bacterium 

coli-mutabHis. See Bacterium 

columbensis. See Bacterium 

concord. See Salmonella 

Copenhagen. See Salmonella typhi-murium 


Bacillus coryzae segmentosus, 450 
coscoroba. See Bacterium 
crassus. See Doderlein’s bacillus 
crassus sputigenus, 668 
cuniculi, 479 

cyanogenus. See Pseudomonas 
danubicus. See Vibrio 
danysz. See Salmonella 
dar-es-salaam. See Salmonella 
demtrificans. See Ghromobacterium 
denitrificans fluorescens. See Pseudo- 
monas 

derby. See Salmonella 
difficilis. See Clostridium 
diphtherisB. See Corynehacterium 
diplitherise vitulorum. See Fusiformis 
necrophorus 
dispar. See Shigella 
dublin. See Salmonella 
ducreyi. See Haemophilus 
duesseldorf. See Salmonella 
duisburg. See Salmonella 
duplex, 899 

durban. See Salmonella 
dysenterise. See Shigella 
eastbourne. See Salmonella 
El Tor. See Vibrio 
enteritidis. See Salmonella 
enteritidis sporogenes. See Clostridium 
welchii 

equi. See Corynebacterium 
equirulis. See Bacterium 
erysipelatis suis. See Erysipelothrix rhu- 
siopathiae 

erysipeloides. See Erysipelothrix 
essen. See Salmonella 
europoeus. See Nitrosomonas 
exilis. See Lactobacillus 
fsecalis alkaligenes. See Bacterium 
fallax. See Clostridium 
fermenti, 756. See Lactobacillus 
fetus. See Vibrio 
flavescens. See Neisseria 
flavus. See Nitrobacter 
flexneri. See Shigella 
florida. See Salmonella 
fluorescens. See Pseudomonas 
fluorescens Ixquefaciens. See Pseudo- 
monas 

foetidus ozsense. See Perez’s bacillus 
fragilis. See Fusiformis 
friedlanderi. See Bacterium, Eriedlander 
group of 

funduliformis. See Fusiformis necro- 
phorus 

furcosus. See Fusiformis 

fuscus. See Chromobacterium 

fusiformis. See Fusiformis and Bacillus 

gallinarum. See Salmonella 

gaminara. See Salmonella 

gartner. See Salmonella enteritidis 

georgia. See Salmonella 

gigas. See Clostridium cedematiens 

giumai. See Bacterium 

give. See Salmonella 

glostrup. See Salmonella 

goettingen. See Salmonella 
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Bacillus granulosis. 8ee Bacterium 
grumpensis. See Salmonella 
griinthal. See Bacterium 
habana. See Salmonella 
bsemoglobinopbilus canis. See Hsemo^ 
pliilus canis 

hsemolyticus. See Clostridium 

bartford. See Salmonella 

hastiforme. See Clostridium 

heidelberg. See Salmonella 

belcogenes. See Vibrio 

histolyticus. See Clostridium 

hofmannii. See Gorynehacterium 

hormsechei. See Salmonella 

horsbam. See Salmonella 

bvittingfoss. See Salmonella 

icteroides. See Salmonella typhi-murium 

Illinois. See Salmonella 

immobilis. See Bacterium 

indicus. See Ckromobacterium 

infantis. See Salmonella 

infiuenzse. See HsemopMlus 

innutritus. See Clostridium 

inverness. See Salmonella 

italiana. See Salmonella 

janthinus. See Chromohacterium 

java. See Salmonella paratyphi B 

javiana. See Salmonella 

jena. See Salmonella enteritidis 

kaapstad. See Salmonella 

kaposvar. See Salmonella 

kaukasicus. See Lactobacillus caucasicus 

kentucky. See Salmonella 

kbartoumensis. See Bacterium 

kiel. See Salmonella 

kielensis. See Chromohacterium 

kirkee. See Salmonella 

koeln. See Salmonella 

kottbus. See Salmonella 

kunzendorf. See Salmonella cholerse-suis 

lactis serogenes. See Bacterium aerogenes 

lactis erytbrogenes. See Chromohacterium 

lacunatus, 898 

leguminosarum. See Rhizobium 
lepisepticus. See Pasteurella 
leprse. See Mycobacterium 
Lexington. See Salmonella 
lignieresi. See Actindbacillus 
btchfield. See Salmonella 
london. See Salmonella 
loma-linda. See Salmonella 
luteus. See Micrococcus 
madampensis, 685 
madelia. /8ee Salmonella 
mallei. See Pfeiffer ella 
mancbester. See Shigella newcastle 
manbattan. See Salmonella 
melaninogenicus. See Pusiformis 
meleagridis. See Salmonella 
mebtensis. See Brucella 
mexicana. See Salmonella 
mikawasima. See Salmonella 
minnesota. See Salmonella 
mirabilis. See Proteus 
mississippi. See Salmonella 
moniliformis. See Actinomyces muris 
monocytogenes. See Erysipelothrix 


Bacillus montevideo. See Salmonella 

morbificans bovis. See Salmonella hovis- 
morbificans 

morgani. See Proteus 
moscow. See Salmonella 
moskau. See Salmonella enteritidis 
mucosus capsulatus. See Bacterium, 
Briedlander group of 
muencben. See Salmonella 
muenster. See Salmonella 
multifermentans. See Clostridium 
multifermentans tenalbus. See Clostri- 
dium 

muris. See Actinomyces and Mycobac- 
terium 

murisepticus. See Erysipelothrix and 
Pasteurella 

murium. See Corynehacterium murium 
mycoides roseus. See Ghromobacterium 
napoli. See Salmonella 
narasbino. See Salmonella 
neapolitanus. See Bacterium 
necrodentalis. See Lactobacillus acido- 
philus 

necropborus. See Pusiformis 
nepbritidis equi. See Bacterium 
new-brunswick. See Salmonella 
newcastle. See Shigella, and Salmonella 
senftenberg 

newington. See Salmonella 
newport. See Salmonella 
niloese. See Salmonella 
novyi I. See Clostridium oedematiens 
nyborg. See Salmonella 
ocbraceus. See Chromohacterium 
odense. See Salmonella paratyphi B 
odontolyticus I and II. See Lactobacillus 
oedematiens. See Clostridium 
cedematis mabgni. See Clostridium sep- 
ticum 

cedematis maligni II. See ClostrMium 
oedematiens 

cedematis sporogenes. See Clostridium 
bifermentans 

cedematoides. See Clostridium 
onarimon. See Salmonella 
onderstepoort. See Salmonella 
oranienburg. See Salip,onella 
Oregon. See Salmonella 
Oslo. See Salmonella 
ovisepticus. See Pasteurella 
ozogenes, 495 
panama. See Salmonella 
para-abortus. See Brucella 
paracbolerse. See Vibrio 
para-influenzse. See Hsemophilus 
paramelitensis. See Brucella 
parapertussis. See Hsemophilus 
paraputrificus. See Clostridium 
para-Sbiga. See Shigella 
parasporogenes. See Clostridium 
parasuis. See Brucella 
paratypbosum. See Salmonella 
pasteurianus. See Lactobacillus and Clos- 
tridium 

pensacola. See Salmonella 
pentoaceticus. See Lactobacillus 
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Bacillus perfriiigens. See Clostridium welchii 
pertussis. See Hsemophilus 
pestis. See Pasteurella 
pestis cavisB. See Salmonella typM- 
murium 

phlegmonis empliysematosae. See Clos- 
tridium welchii 

phlei I and II. See Mycobacterium 
phospliorescens. See Vibrio 
plantarum. See Lactobacillus 
pneumoniae. See Bacterium, Friedl^nder 
group of 

pneumoniae caviarum. See HeemopMlus 
bronchisepticus 

pneumosintes. See Bacterium 
pomona. See Salmonella 
poona. See Salmonella 
porci. See Erysipelothrix rhusiopathise 
potsdam. See Salmonella 
Pretoria. See Salmonella 
prodigiosus. See Chromobacterium 
proteus vulgaris. See Proteus 
pseudomallei. See Pfeifferella whitmori 
pseudopneumonious, 667 
pseudo tuberculosis. See Pasteurella, 

Corynebacterium murium, and Coryne- 
bacterium ovis 

psittacosis. See Salmonella typhi-murium 
pueris. See Salmonella 
puerto-rico. See Salmonella newport 
pullorum. See Salmonella 
pulmonum glutinosus. See Hsemophilus 
hronchisepticus 
purifaciens. See Bacterium 
putrificus. See Clostridium 
pyocyaneus. See Pseudomonas 
pyogenes. See Corynebacterium 
pyosepticus equi. See Bacterium 
radicicola. See Bhizobium 
ramosus. See Fusiformis 
reading. See Salmonella 
renalis bovis. See Corynebacterium renale 
rhinoscleromatis, 667 et seq., 1789 
rhusiopathiae. See Erysipelothrix 
rostock. See Salmonella 
rubefaciens. See Ghromobacterium 
ruber. See Chromobacterium 
rubislaw. See Salmonella 
rubricus. See Chromobacterium 
saccbarobutyricus immobilis. See Clos- 
tridium welchii 
saint-paul. See Salmonella 
salinatis. See Salmonella 
sau-diego. See Salmonella 
sanguinarium. See Salmonella gallinarum 
scbleissbeim. See Salmonella 
scbwartzengrund. See Salmonella 
selandia. See Salmonella 
sendai. See Salmonella 
senftenberg. See Salmonella 
septique. See Clostridium septicum 
serpens. See Fusiformis 
shangani. See Salmonella 
sbigae. See Shigella 
simise. See Bacterium 
Simsbury. See Salmonella 
smegmatis. See Mycobacterium 


Bacillus solt. See Salmonella 
sonnei. See Shigella 
sordellii. See Clostridium bifermentans 
sphenoides. See Clostridium 
sporogenes. See Clostridium 
Stanley. See Salmonella 
stercoris. See Mycobacterium 
storrs. See Salmonella typhi-murium 
suipestifer. See Salmonella cholerse-suis 
suis. See Brucella 
suisepticus. See Pasteurella 
sundsvall. See Salmonella 
szentes. See Salmonella 
taksony. See Salmonella 
tel-aviv. See Salmonella 
tennessee. See Salmonella 
tertius. See Clostridium 
tetani. See Clostridium 
tetanomorpbus. See Clostridium 
tbermosaccbarolyticum. See Clostridmm 
thompson. See Salmonella 
tim. See Salmonella newington 
tuberculosis. See Mycobacterium 
tularensis. See Brucella 
typhi. See Salmonella 
typbi-exanthematici. See Corynebac- 
terium typhi 

typhi-flavus. See Chromobacterium 
typhi-murium. See Salmonella 
typhi-suis. See Salmonella 
typhosus. See Salmonella 
Uganda. See Salmonella 
urbana. See Salmonella 
vaginse enphysematosse. See Clostridium 
welchii 

vaginalis. See Doderlein’s bacillus 
vejle. See Salmonella 
vineiandii. See Azotobacter 
violaceus. See Chromobacterium 
Virchow. See Salmonella 
Virginia. See Salmonella 
viscosus equi. See Bacterium 
vitreus. See Azotobacter 
vitulisepticus. See Pasteurella 
voldagsen. See Salmonella typhi-suis 
vulgaris. See Proteus 
welnneri, 756 
welchii. See Clostridium 
weltevreden. See Salmonella 
wesenbergi. See Bacterium 
whitmori. Bee Pfeifferella 
Wichita. See Salmonella 
winogradskyi. See Nitrobacter 
woodatowni. See Azotobacter 
Worthington. See Salmonella 
xerosis. See Corynebacterium 
Zagreb. See Salmonella 
Zanzibar. See Salmonella 
zenkeri. See Proteus 
zopfii. See Zopfius 
Bacillus, 838-855 

characters of, 838-842 
classification of, 841 
thermophilic species of, 838 
albolactus, 855 

anthracis, 838 et seq., 842-847 

antigenic structure of, 281, 844 
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Bacillus antliraciSi jS-lysins, effect of on, 1173 
patkogenicity of, 844, 1730 et seq. 
smooth and rough forms of, 301, 
843 

tabulated differentiation of from 
pseudoanthrax bacilli, 846 
variants of, 842, 845 
anthracoides^ 838, 846, 847 
aterrimus, 850 
cereus, 855 
cohcerens, 865 
fusiformis, 855 
globtgii, 850 
graveolens, 855 
megatherium, 839 et seq., 852 
mesentericus, 851 
mesentericus niger, 850 
mesentericus panis viscosi, 850 
mesentericus ruber, 850 
mycoides, 853 
panis, 850 
petasites, 855 
polymyxa, 855 

pseudoanthracis, 838 ei seq,, 846, 847 
rotans, 855 

subtilis, 838 et seq., 849 
termiualis, 855 
tumescens, 855 
vulgatus, 850 
Bactersemia, 1490 

after operative procedure, 1515 
oral sepsis associated with, 1516 
suppression of in immune animal, 1047 
in normal animal, 1037 
Bacteria, aggressive action of, 1068-1074 

antigenic structure of, 273-285. See also 
Antigenic structure of bacteria 
arrangement of, 35 
autotrophic, 61 
cell wall of, 27 

chemical constitution of, 42-45 
classification of, 310-323 
epidemic strains of, 1260, 1471 
examination of, methods used in systema- 
tic, 364-372 

gaseous requirements of, 69 
heterotrophic, 61 
identification of, 357 
importance of for life, 1989 
infectivity of in relation to virulence, 
1261-1263 

intestinal, as food-stuff’s, 1991 
life- cycle of, 34 
metabolism of, 45-74 
modes of division of, 33-36 
in rough variants, 300 
morphology of, 16-39 
nomenclature of, 310-323 
nutritional requirements of, 61 
reproduction of, 33, 80-99 
respiration of in relation to growth, 85 
size of, 16, 84, 368 
staining of, 37 

temperature requirements of, 360 
variation of, 288-307. See Variation of 
bacteria 

virulence of. See Virulence of bacteria 


Bactericidal action of normal and immune 
serum, 192 

Bactericidal substances, use of in obtaining 
pure cultures, 354 

Bactericidins, 228. See also Antigen- antibody 
reactions 
natural, 1086 

Bacteridie, 1730 

Bacteridium. See Bacillus anthracis 
aurantiacum, 626 

Bacteriolysis, 192, 228. See also Antigen- 
antibody reactions 

Bacteriophage, 325-347 

absorption of, specific, by bacteria, 334 
antigenic property of, 341 
antiphage sera, 342 
autolytic theory of, 328 
bacterial precursor of, 337 
carrier strains among bacteria, 345 
different types of, 340 
classification of, 343 
differentiation of by testing against 
resistant bacteria, 340 
by various methods, 343 
discontinuous multiplication of, 333 
ecology of, 345 
enzyme theory of, 328 
genetic theory of, 328 
growth of bacteria in relation to, 327 
habitat of, 327, 345 
identification of bacteria by, 338 
in relation to Blexner bacilli, 693 
killing of bacteria by, without lysis, 334 
lysogenic strains of bacteria, 346 
l 5 rbic action of, 327 

calcium in relation to, 333 
citrate in relation to, 333 
inhibition of by bacterial antigens 
and haptens, 339 
mechanism of, 333 
methods of demonstrating, 326 
microscopical observation of, 336 
quantitative study of, 333 
metabolism of, 332 
multiplicity of, 328 
nature of, 327 
plaques formed by, 326 
different types of, 343 
size of in relation to size of bacterio- 
phage, 344 
physical state of, 329 
production and bacterial growth, 337 
resistance to various agents, 332 
resistant strains of bacteria in relation to, 
340 

role of in infection and immunity, 1215 
size of, 330 
specificity of, 338 

relation of to antigenic structure of 
bacteria, 338 

spores, bacterial, in relation to, 347 
symbiotic with bacteria, 346 
variation of, 345 

variation of bacteria, as cause of, 305, 
340 

virus theory of, 327 

Bacteriostasis, 169 
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Bacteriotropins, 194, 235. See also Antigen- 
antibody reactions 
Bacterium, 654-681 

biochemical activities of, 659-666 
classification of, 654 
cultural appearances of, 657 
dyes, etc., action of on, 659, 705, 1527- 
1528 

morphology of, 655 
nomenclature of, 654 
resistance of, 658, 2027 
Salmonella antigens in, 715, 744 
acidi-lactici, 665-666, 679 
aerogenes, 655 et seq., 679 

differentiation of from Bact. coli and 
intermediate group, 660-665, 2023- 
2024 

alJcaligenes, 902 
asiaticum, 677 
azophilej 499 
cloacse, 661 et seq,, 679 
coli, 655 et seq., 678 

antigenic structure of, 666 
differentiation of from Bact. aerogenes 
and intermediate group, 660-665, 
2023-2024 

enzyme systems of, 59 seq. 
fermentative types of, 666, 2024 
habitat of, 660, 661, 663 
hsemolytic and non-hsemolytic types 
of, 1499 

in food poisoning, 1606 
in pyogenic infections, 1497-1503 
in wound infection, 1501 
lysogenic strain of, 346 
pathogenicity of, 666 
summarized description of, 678 
toxins of, 667, 1606 
coli-aerogenes group of, 660-667 
in water, 2023-2024 
coU-anaerogenes, 677 
coli’Commune, 660-601, 665, 666, 679 
coU-communius, 661, 665, 666, 679 
coli-mutabile, 297, 677 
columbense, 678 
coscoroba, 665-666 
dysentery group of. See Shigella 
equirule, 676 
fsecalis alJcaligenes, 902 
Friedlander group of, 667-676, 680 

broncho-pneumonia in relation to, 
1667 

capsule of, chemical constitution of, 
669 

classification of, 675 
pathogenicity of, 674 
suicide colonies of, 670 
giumai, 678 
granulosis, 901, 1878 
griinthal, 665-666 
immobile, 665-666 

intermediate group of coliform bacilli, 
663-667, 679, 2023-2024 
Jchartoumense, 678 

lactis aerogenes. See Bact. aerogenes 
monocytogenes. See Brysipelothrix 
morgani. See Proteus 


Bacterium, mucosus capsulatus, 667. See 
Bacterium, Friedlander group of 
neapolitanum, 665, 666, 679 
nephritidis equi, 676 
oz^nm, 670, 673, 1789 
paracolon group of, 676, 681 
pneumosintes, 899 
purifaciens, 1499 
pyosepticum equi, 676 
rJiinoscleromatis, 670, 673, 1789 
simise, 902 
t7'iloculare, 655 
tularense. See Brucella 
typM-flavum. See Chromohacterium 
viscosum equi, 676 
wesenhergi, 678 
Bacteroides, 477, 751, 755 
funduUformis, 479 

Bail’s hypothesis of limiting population den- 
sity, 94 

Balantidium coli, dysentery caused by, 1561 
Bang’s abortion bacillus. See Brucella abortus 
Bang’s necrosis bacillus. See Fusiformis 
necrophorus 

Barhone of buffaloes, 1647 
Bartonella, 903 

diseases due to, 1796-1798 
bacilUformis, 903 

in Oroya fever, 1797 
canis, 904 

in infectious anaemia of dogs, 1798 
muris, 903, 904 

in infectious anaemia of rats, 1797 
Bats, in relation to rabies, 1935 
Benzene, effect of on immunity, 1209 
Beta lysins, 1173 

rays, effect of on bacteria, 110 
jS-alanine as bacterial vitamin, 67, 164 
Bile, differential effect of on growth of strepto- 
cocci, 672 

Bile- solubility of pneumococcus, 671 
Biochemical reactions of bacteria, methods of 
examination for, 367-369 
variation in, 292 
Bios hypothesis of lag, 84 
Biotin as bacterial vitamin, 69 
Bitter’s medium for fermentation test, 709 
Black disease, 882, 1780 
Black rot of eggs, 647 ' 

Blackleg, 884, 1778 
Blackquarter, 1778 

Bleeding, effect of on antibody formation, 1122 
Blennorrhoea, inclusion, 1880 
Blockade, effect of on antibody formation, 1103 
Blood, anaphylactic reaction in rabbits, 1149, 
1161 

bacteria normally present in, 1998 
bactericidal power of, non-specific induc- 
tion of increase in, 1176 
Blood capillaries, permeability to foreign 
matter, 1042 

cerebral, permeability to foreign mat- 
ter, 1060, 1754, 1764 ^ 

Blooofe culture. See under individual diseases 
groups, human, 1087 

in relation to Schick reaction, 1079 
Bh factor in, 1088 
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Bloodstream, removal of bacteria from, 1037, 
1047. See also Immunity, antibacterial 
Blue-tongue of sheep, 1967 
Boas-Oppler bacillus, 750, 757, 764 
Bollinger’s granules, 1492 

inclusion bodies, 959, 1896 
Bone taint, 873 

Bones and joints, suppurative lesions in, 
1496 

Boosting dose. See Secondary stimulus 
Bordet-Gengou bacillus. See Hsemopkilus per- 
tussis 

Bordet’s theory of antigen-antibody reactions, 
199 

Borna disease, 1921 
Bornholm disease, 1960 
Borrel bodies, 959, 1896 
Borrelomycetales, 940 
Botriomycosis, 1270, 1271, 1492 
Botulism, 1612-1623 
diagnosis of, 1617 

distribution of botulinum in nature, 1615 
epidemiology of, 1613 
factors influencing development of Cl. hotu- 
linum in canned foods, 1616 
in animals, 1619-1623 
mode of infection of food in, 1615 
prophylaxis and treatment of, 1618-1619 
type of food causing, 1614 
Boyd’s dysentery bacilli, 685 et seq. 

Bradsot. See Braxy 
Branching forms of baciUi, 33 
Braxy, 1779 

German type of, 1780 
meadow type of, 1780 
Northern type of, 1779 
stall type of, 1780 
Brazilian spotted fever, 1847 
Breast-feeding in relation to infantile diarrhoea, 
1582, 1586 

Brilliant green, m cultures from enteric fever, 
1527, 1528 

Brill’s disease, 1841, 1842 
Broncho -pneumonia, 1666 
secondary, 1666-1668 
virus, 1876 
Brucella, 814f-834 

antigenic structure of, 822 
band phenomenon in agar-shake cultures 
of, 819 

biochemical properties of, 821 
carbon dioxide requirements of, 818 
chemical fractionation of, 825 
classification and identification of, 830 
tabulated, 831 

crystal formation in cultures of, 817 
cultivation of in presence of dyes, 820, 
1714 

cultural reactions of, 816 
differentiation of, on Petragnani’s egg 
medium, 817 

growth of in sealed tubes, 819 
growth requirements of, 818 
HgS production by, 822 « 

infections, 1692-1722. See also Undulant 
fever. Contagious abortion in 
cattle, and Tularaemia 


Brucella, infections of cattle, 1708 
of cats, 1719 
of dogs, 1719 
of fowls, 1719 
of goats, 1695, 1697, 1706 
of horses, 1718 
of man, 1692 
of rats, 1720 
of sheep, 1697, 1706 
of swine, 1702, 1717 
ill Hodgkin’s disease, 1981 
morphology of, 816 
nomenclature of, 815 
pathogenicity of, 826 
relation of to Pasteurella, 825 
to Pfeijferella, 490, 825 
to Proteus, 825 
resistance of, 821 
staining of, 816 
variation of, 829 
abortus, 814 ei seq., 832 

institutional outbreaks due to, 1701 
isolation of from milk, 1713 
pathogenicity of for small animals, 
829 

undulant fever due to, 1697 
bronchiseptica. See Haemophilus bronchi- 
septicus 

mehtensis, 814 seq., 831 

infection of cattle, 1697, 1710, 1711 
pathogenicity of for small animals, 
828 

undulant fever due to, 1693 
para-abortus, 815, 823 
paramelitensis, 815, 822, 823 
parasuis, 815, 823 
suis, 814 et seq., 833 

infection of cattle, 1710, 1711 
pathogenicity of for small animals, 
829 

undulant fever due to, 1702 
tularensis, 814, 815, 833 

disease in man due to, 1720 
relation of to Pasteurella, 815 
Brucellergin, 1705 

Brucellin test in diagnosis of contagious 
abortion in cattle, 1713 
of undulant fever, 1705 
Bubo, climatic, 1869 
Buffaloes, osteomyelitis of, 1781 
Bulbar paralysis in cattle, 1621 

due to pseudorabies virus, 1941 
BuUis fever, 1846 
Bumble-foot of chickens, 1349 
Butter bacillus. See Mycobacterium huty- 
ricum 

in relation to undulant fever due to Br. 
abortus, 1701 
Butyribacterium, 756 

Calcium as kataphylactxc agent, 1206, 1750, 
1773 

effect of on spore formation, 291 
inhibition of pigment formation by, 635 
relation of to bacteriophage activity, 333 
r61e of in tetanus infection, 1206, 1750 
Calculi salivary, Actinomyces in, 1272 
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1306, 


1060, 


Calf diphtheria, 479, 1787 
Calmette-Guerin’s bacillus (B.C.G.), 

1331, 1337, 1347 
Calves. See Cattle 
Canary-pox, 953, 1896 
Canine typhus of Lukes, 1837 
Capillaries, cerebral, permeability of, 

1754, 1764 
permeability of, 1042 
Capsules, bacterial, 29 

aggressive action of bacteria, in relation 
to, 1072 

hyaluronic acid in, 1072 
in relation to virulence, 300, 575, 842, 
1072 


Carbohydrate constituents of bacteria, 44 
metabolism of bacteria, 51 
Carbohydrates, action of bacteria on, 52-55 
protein-sparing effect of in bacterial meta- 
bolism, 67 

synthesis of, by bacteria, 55 
Carbon dioxide, as essential nutrient for bac- 
teria, 61, 69 

use of in blood culture, 1491, 1703 
Carbon dioxide : hydrogen ratio, in differen- 
tiation of coli-aerogenes group, 661 
in growth of Brucella, 818 
r61e of in bacterial growth, 69 
Carboxydomonas oligocarbophila, 605 
Carrier epidemic, 1251. See also Carriers under 
individual diseases 
Carrier types of pneumococci, 1673 
Carriers, bacterial. See mider individual diseases 
herd infection in relation to, 1246 
in experimental epidemics, 1253 
Catalase, methods of examination for, 369 
protective action of in relation to hydro- 
gen peroxide, 72 
Cataphoresis of bacteria, 213 
of filtrable viruses, 950 
of serum proteins, 242, 246, 248, 1030, 
1092, 1385 

Catarrh, malignant, of cattle, 1966 
Cathode rays, effect of on bacteria, 108 
Cations, effect of on bacteria, 123 
Oats, Brucella infection in, 1719 
distemper in, 1877 
enteritis in, 1963 
tuberculosis in, 427, 429, 1343 
Cattle, actinomycosis in, 1271, 1276 

anaerobic infections of. See Anaerobic 
infections of animals 
autumn diarrhoea in, 1720 
bacillary hsemoglobinuria of, 891 
blackleg in, 884, 885, 1778 
botriomycosis in, 1492 
botulism in, 1621 
Brucella infections of, 1708-1716 

with Br, abortus. See Abortion, con- 
' tagious, in cattle 

with Br. melitensiSf 1697, 1710, 1711 
with Br. suis, 1710, 1711 
bulbar paralysis of, 1621 
cow-pox of, 1888 
diphtheria in, 1390 

diphtheria of calves due to F. necro^ 
phorus, 1787 . 


Cattle, diphtheroid infections of, 468-462, 
1403 

dry bihle of, 1621 
ephemeral fever of, 1966 
epizootic pneumonia of calves, 391, 1281 
farcy of, 387, 1276 
ictero -hsemoglobinuria of, 1621 
impaction paralysis of, 1621 
influenzal pneumonia of calves, 1662. See 
also Scours 

Jobne’s disease of, 441, 1363 

lamziekte of, 880, 1621 

malignant catarrh of, 1966 

mastitis in, 1493. See Mastitis in cattle 

Midland disease of, 1621 

plague, 1965 

pleuropneumonia of, 939, 1647, 1867 
pneumonia of calves due to Actino- 
hacillus actinoides, 1281 
pyelitis in, 461 
pyelonephritis in, 1500 
red-water disease of, 891 
Salmonella infections of, 1600 
scours in, 527, 667, 1662. See also In- 
fluenzal pneumonia of calves 
tuberculosis in, 1317, 1342-1348 
CeUobiose, in differentiation of ooli-serogenes 
group, 664 

Cellular hypothesis of anaphylactic shock, 1145 
immunity, role of in virus infections, 1234 
reactions in bacterial infection, 1007 
Cellulitis, 1493 

anaerobic, 1771 

Centrifugation, factors affecting, 953 
Centrifuges, types of, 953 
Cerebrospinal meningitis. See Meningitis 
Chancre, hard, 1812 et seq. 
soft, 1790 

Cheese in relation to typhoid fever, 1542 
to undnlant fever, 1701 
Chemical changes produced by bacteria, 51 
et seq. 

Chemical constitution of bacteria, 42 
Chemistry of bacterial antigens. See under 
individual organisms 
Chemotaxis in pyogenic infections, 1007 
Chemotherapeutic activity, acidic or basic 
groups, 170 

and relation to chemical structure, 166, 
169 

in the sulphonamide series, 167 
as interference with essential metabolites, 
162 

surface activity and chain length, 170, 171 
Chemotherapeutic agents, acquired resistance 
of micro-organisms to, 156, 160, 172, 181 
antagonizer — ^inhibitor systems, 159, 161 
nicotinamide and sulphathiazole, 165 
nicotinic acid and pyridine aulphona- 
mide, 163 

pantothenic acid and pantoyltaurine, 
164 

jp-aminobenzoic acid and the sul- 
phonamides, 161 
thiamin and pyrithiamin, 164 
antagonizers of, 159, 161, 165 
as iifliihitors of bacterial growth, 159 
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Chemotherapeutic agents, cross -resistance of Citrinin, 177 

micro-organisms to, 161, 172 Cladothricosis, 1270 

gramicidin, 174 Cladothrix asteroides. See Actinomyces 

penicillin, 179 Classification of bacteria, 310-323 

sulphonamide compounds, 157 antigenic structure in relation to, 314 

sulphone compounds, 171 criteria of, 311 

Chesney’s hypothesis of lag, 84 nomenclature in, 313 

Chicken-pox, 1901 Clavacin, 177 

Chickens. See Fowls Clavatin, 177 

Chick-Martin method of standardizing disin- GlaveUe, 1895 
fectants, 147 Claviformin, 177 

Chicks, bacillary white diarrhoea in, 1555 Chmatio bubo. See Lymphogranuloma in- 

CMamydozoa, 949 guinale 

Chlorine, effect of on bacteria, 128, 149, 2030 Glostridium. 858-893 


Cholecystitis, 1497. See also Gall-bladder, 
infection of 

Cholera, 1418-1428. See also Vibrio cholerse 
diagnosis of, 1424 

Pfeiffer’s reaction in, 1425 
epidemiology of, 1421 
examination of suspected convalescents 
from, 1426 

experimental reproduction of, 522, 1420 
healthy carriers in, 1424 
laboratory infections in, 1420 
mode of spread in, 1422 
of fowls, 1646 

prophylaxis and treatment of, 1426 
by bacteriophage, 1427 
by chemotherapy, 1428 
by serum therapy, 1428 
by vaccination, 1426 
Cholera-red reaction, 516 
Choriomeningitis, lymphocytic, 1932 
pseudo-lymphocytic, 1932, 1934 
swineherds’ disease, 1932, 1934 
Chromobacterium, 631-640 

group forming pink or red pigment, 635 
forming violet pigment, 634 
forming yellow or orange pigment, 
637 

pigment formation by, 633 et seq. 
amethystium, 635 
aquatile, 631, 637 
aurantiacum, 639 
cceruleum, 635 
denitrificanSf 639 
fuscum, 639 
indicum, 635, 637 
janthinum, 635 
kielense, 635, 637 
lactis erythrogenes, 635 
mycoides roseum, 635 
ochraceum, 639 
prodigiomm, 631 et seq., 636 
rubefaciens, 635 
ruber, 635 
rtibricum, 635 
iyphi-jiavum, 637, 638 
violaceum, 631 et seq., 634 
Chromogenesis. See Pigment formation 
Circulation of blood, removal of bacteria from, 
1037, 1047 

Citrate, relation of to bacteriophage activity, 
333 

in differentiation of coli-serogenes group. 


antigenic structure of, 864 
biochemical reactions of, 863 
classification of, 871 

tabulated, 872, 874-875 
cultural reactions of, 860 
hsemolysin production by, 863 
in appendicitis, 1497, 1777 
infections due to, 1746-1783 
metabolism of, 862 
morphology of, 859 
pathogenicity of, 869 
resistance of, 861 
thermophilic species of, 872 
toxin formation by, 865-869 
aerofcetidum, 872, 890 
acetobutylicum, 162, 872 
bifermentans, 890, 1771-1772 
botulinum, 858 et seq., 879 

in relation to botulism in animals, 
1619 

in man, 1613 

pathogenicity of for laboratory 
animals, 869 
toxin of, 866 

butyricum, 858 et seq., 873 
capitovale, 874, 890 
caloritolerans, 890 
carnis, 862, 874, 890 
chauvcei, 863 et seq., 882, 1778 
toxin of, 869 

cochlearium, 861, 863, 872, 874, 

891 

difficile, 874, 891, 1987 
fallax, 861, 872, 874, 891 
gigas, 881, 1781 
hsemolyticum, 891 
hastijorme, 874, 891 
histolyticum, 858 et seq., 877, 1771 
multifermentans tenalbum, 872, 892 
novyi I. See Gl. cedematiens 
cedemaliens, 861 et seq., 881, 1771-1777, 
1780 

pathogenicity of for laboratory 
animals, 871 
toxin of, 868 
cedematoides, 890 
pardbotuUnum, 879 

in relation to botulism in animals, 
1620 

paraputrificum, 892 
parasporogenes, 871, 872, 892 
pasteuriarmm. See Cl. butyricum 
pvirificum, 892 
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Clostridium septicuTTiy S60 et seq.,SMf 1771, 1778- 
1780 

pathogenicity of for laboratory 
animals, 871 
toxin of, 866 

septique. See Cl. septicum 
sordellii. See CL bifermentans 
sphenoides, 872, 874, 892 
sporogenes, 858 et seq., 876, 1771 
tertium, 862, 892 

tetO/Ui, 858 et seq., 888, 1746—1767 
distribution of in nature, 1748 
pathogenicity of for laboratory 
animals, 870 
toxin of, 865 

tetanomorphum, 872, 874, 893 
ihermosaccharolyticum^ 872 
welcliii, 858 et seq., 886 

hyaluronidase of, 868, 1013 
in suppurative lesions of the urinary 
tract, 1500 

in wound infection, 1501 
infections due to, 1750, 1771, 1781 
infections in sheep, due to, 1781. 

See also Sheep 
lecithinase of, 867, 1774 
pathogenicity of for laboratory 
animals, 870 
toxins of, 866 

Coagulase, in bacterial infections, 1012 
Cocco-baciHus fcetidus-ozaense, 494, 495 
Co-enzymes, role of in bacterial metabolism, 49 
Cold, effect of on bacteria, 112 
the common, 1653 

vaccination against, 1654 
Coli-£erogenes group, 660-667. See also Bac-‘ 
terium 

differential count of, 2023 
intermediate group of, 663, 2024 
Coliform bacteria, differential count of, 2023 
Collodion filters, 951 

CoUodial reactions, in relation to antigen- 
antibody reactions, 199, 207 
Colonies, bacterial, 36 

description of, 359, 364 
Colony form, variation in, 299 
Colorado tick fever, 1846 
Colostrum, transference of antibodies in, 1077, 
1092, 1782 

Comma bacillus. See Vibrio choleras 
Common cold, the. See Cold, the common 
Complement, 193, 196 

analysis of guinea-pig, 230 

analysis of human, 231 

components of in relation to opsonins, 237 

end-piece of, 229 

fourth component of, 230 

mid-piece of, 229 

nature of, 229 

opsonins in relation to, 235 

relation to vitamin intake, 231 

rdle of components in fixation, 233 

rdle of in haemolysis, 225 

splitting of, 229 

symbols for the components, 230 
third component of, 230 
unity or diversity of, 229 


Complement fixation, 193, 232. See also 
Antigen-antibody reactions and under indi- 
vidual diseases 

Complement-fixing antibodies. See under 
Antigen-antibody reactions 
natural, 1086 

Compiementophilic group, 198 
Concentration exponent n of disinfectants, 
140 

Conglutination test in diagnosis of glanders, 
1414 

Conjunctiva, normal flora of, 1998 
Conjunctival sac, removal of bacteria from, 
1025 

Conjunctivitis, 1496 
angular, 898 

follicular in monkeys, 1878 
swimming bath, 1880 
Constant- antibody optimal ratio, 202 
Constant-antigen optimal ratio, 202 
Contagious abortion in cattle. See Abortion, 
contagious in cattle 

Contagious pustular dermatitis of sheep, 1897 
Correlated variations in bacteria, 290 
Corynebacterium, 447-473 

antigenic structure of, 454 
classification of, 465 

diseases caused by, 1403. See also 
Diphtheria 

fermentation reactions of, 452 
table of, 473 
morphology of, 448 
pathogenicity of, 455 
phosphatase production by, 453 
strains of, intermediate between C. 

diphtheriae and G. ovis, 459 
toxin production by, 455 
acnes, 462, 471, 1403, 1492 
arthritidis muris, 462 
coryza segmentosum, 450 
diphtheriae^ 447 et seq. 

distribution of in tissues, 1369 
gravis type of, 449, 450, 462, 1370 
in relation to diphtheria in man, 
1370 

growth requirements of, 452 
hamolysis produced by, 453 
in milk, 1391, 2039 
in wound infection, 1502 
inhibition of, by heated blood, 451, 
452 

intermedins type of, 449, 451, 462, 
1370 

in relation to diphtheria in man, 
1370 

lesions produced by in guinea-pigs, 
457 

lysogenic strains of, 346 
mitis type of, 449, 450, 462, 1370 
in relation to diphtheria in man, 
1370 

morphology of, 448 
pathogenicity of, 455 
resistance of, 451 
summarized description of, 465 
tabular differentiation of types of, 
463-464 
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Corynehacterium diphtherias , tellurite medium 
for gi'owth of, 450-451 
toxin of, 455 

action of on adrenals, 458 
on heart muscle, 458 
gravis, mitis and intermedins 
types in relation to, 1375 
M.L.D. of, 238, 1384 
virulence of in relation to toxigen- 
icity, 1372 

virulence tests on, 1375 
virulent and avirulent strains of, 
458, 1375 
equi, 452, 460, 469 
hofmanni, 450, 453, 466, 473 
‘murium, 450, 461, 470, 473, 1404 
ovis, 450, 451, 453, 459, 460, 468, 473, 
1403, 1649 

diseases due to, 1403 
relation of to C. pyogenes, 460 
toxin of, 459 

pseudo tuberculosis murium. See C. 

murium 

pseudotuberculosis ovis. See C. ovis 
pyogenes, 451, 453, 460, 469, 473 

diseases due to, 1403, 1494, 1496, 1500 
in arthritis of animals, 1496 
in mastitis, 1494 
in pyelonephritis of cattle, 1500 
relation of to C. ovis, 460 
renale, 458, 465, 470, 473 
typhi, 462, 472 
xerosis, 4A1 et seq., 467, 473 
Cough plate in diagnosis of whooping cough, 
1663 

Counting of bacteria, 80-82 

technique of total count, 80 
centrifugal method^ 81 
Eberle’s method, 80 
Helber chamber method, 81 
opacity method, 81 
Wright’s method, 80 
technique of viable count, 81 
dilution method, 81 
plating method, 82 
roll-tube method, 82 
surface plate method, 82 
Cow. See Cattle 
Cow-pox, 1888 

Oresols, effect of on bacteria, 133 
Gristispira, 'halhianii, 908 
Cross-infection of wounds, 1502 
Crystals, mixed, formation of as analogy to 
antigen-antibody reactions, 264 
Cultural reactions, in identification of bacteria, 
359 

of bacteria, terms used in description of, 
,364-366, 369 

Culture media. See, under name of medium 
Cultures, pure, methods of obtaining, 351-357 
fy aerobic and anaerobic incubation, 
-354 

by agglutinating serum, 355 
by dSution," 351 
by filtration, 355 
by heating, 354 
by indicator media, 356 


Cultures, pure, methods of obtaining, by 
Koch’s plating method, 352 
by motility, 353 
by optimum temperature, 354 
by pathogenicity, 356 
by selective bactericidal substances 
354 

by selective media, 355 
by shake-tube method, 353 
by smgle-cell methods, 357 
by Veillon tube, 353 

Cystitis, 1499 

Cytochrome- oxidase, r61e of in bacterial oxida- 
tions, 48, 60 

Cytochrome systems of bacteria and anaero- 
biosis, 71 

Cytophilic group, 198, 225 


Dale technique in study of anaphylactic shock, 
1146 

Danysz phenomenon, 216, 240 

Danysz’s baciUus, See Salmonella enteritidis 

Dark-ground illumination, 18 

in study of filtrable viruses, 952 
Decline phase of bacterial growth, 83, 97 
Deer-fly fever. See Tularaemia 
Dehydrogenases, bacterial, 47, 52, 69 
inactivation of, 59 
Deneke’s vibrio, 523, 525 
Dengue fever, 1958 
Dental caries, 754 

Dermacentroxenus rickettsi. See RicJcettsia 
ricJcettsi 

Dermatitis, contagious of sheep, 1897 
Descriptive terms for bacteria, 364-366, 369- 
372 


Desiccation, effect of on bacteria, 111 
on filtrable viruses, 961 
for preserving stock cultures, 112 
Desoxycholate, for lysing pneumococci, 571 
Leifson’s medium, 659, 1528 
Deuteroalbumose, effect of on antibody for- 
mation, 1123 
“ Diamonds,” 1283 

Diaphragm, action of in intraperitoneal infec- 
tions, 1040 

Diaplyte vaccine, 1337 
Diarrhoea borne by milk, 2049 

summer, 1580, 1585, 2049. See also 
Enteritis of infancy 
white bacillary of chicks, 1555 
Diastase in serum, 453 

Diazo reaction in preparation of synthetic 
antigens, 253 
Dick test, 1465, 1467 

age groups in relation to, 1078, 1080 
native populations, in, 1081 
puerperal fever in relation to, 1481 
Diet as determining intestinal flora, 1990 
effect of on immunity, 1190-1202 
Dieudonn6’s medium, 515, 1424 
Dilution method of counting, 81 
coliform bacilli in water, 2022 
use of in obtaining pure cultures, 351 
Diminishing returns, law of in antibody pro- 
duction, 1113 
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Diphtheria, 1368-1403 

antitoxin, avidity of, 1030, 1385 
concentrated, 1379 
in blood of normal horses, 1084 
of normal persons, 1075-1085 
in vivo /in vitro ratio of, 1385 
refined, 1379 
standardization of, 1383 
bacillus. See Oorynehacterium 
borne by milk, 1390, 2039, 2049 
carrier : case ratio in, 1249 
carriers in, 1248 

avirulent strains in, 1083 
effect of active immunization on, 1251 
rate of clearing of, 1387 
treatment of, 1386 
diagnosis of, 1373 

different grades of immunity to, 1250 
epidemiology of, 1246-1251, 1386 
experimental production of, in Schick- 
positive reactors, 1085 
graviSf intermedins and mitis types of 
G. diphtheria in relation to 1370, 1382 
immunization against, 

active, 1249, 1391-1400 
active and passive, 1401 
effect of on carrier rate, 1399 
passive, 1401 
results of, 1398 

in domestic animals, 1390, 1403 
in pre-school children, 1399 
in schools, 1248-1251 
institutional epidemics of, control of, 1401 
Moloney reaction in relation to, 1393, 1396 
natural immunization against, 1246-1251 
pathogenesis of, 1369 
prophylactics against, 1391 
standardization of, 1402 
prophylaxis in, 1391-1403 
Schick test in relation to, 1248, 1376, 
1393-1398 

spread of, by animals, 1390 
by dust, 1389 
by fomites, 1389 
by milk, 1390, 2049 
susceptibility to, measurement of, 1376 
toxin in relation to type of bacillus, 1372 
Lf, Lo, L~}-, and Lr dose of, 1384 
M.L.D. of, 238, 1384 
M.R.D. of, 1384 
Schick dose of, 1377, 1384 
treatment of with antitoxin, 1378 
virulence tests in, 1375 
Diphtheroid bacilli. See Gorynehdcterium 
in animal diseases, 1403 
in human disease, 1403 
Diplococcus crassus, 531, 532, 553 

intracellularis meningitidis. See Neis- 
seria meningitidis 
mucosus, 553 

pharyngis flavus. See Neisseria 
pneumonise. S ee Streptococcus pneumonise 
Disinfectants concentration exponent n of, 
142 

emulsified, 133 
gaseous, 149 
liquid, 149 


Disinfectants, practical application of, 149 
solid, 150 

standardization of, 145 
temperature coefficient of, 143 
Disinfection, 101-150 
by acids, 114, 118 
by alcohols and ethers, 132 
by alkalies, 114, 120 
by cathode rays, 108 
by chloroxylenols, 134 
by cold, 112 
by desiccation, 111 
by distilled water, 117 
by dry heat, 112 
by dyes, 134 
by electricity, 107 
by electromagnetic waves, 103 
by essential oils, 136 
by flaming, 113 
by gases, 149 
by heavy metals, 121 
by moist heat, 113 
by mould products, 172 
by phenols and cresols, 133 
by photodynamic sensitization, 106 
by radium, 109 
by Rontgen rays, 108 
by salts, 120 et seq. 

by soaps and synthetic detergents, 130 
by solid disinfectants, 150 
by sonic and supersonic waves, 110 
by steam, 114 
by sulphonamides, 157 
by sunlight, 102, 104 
by ultra-violet light, 102 
dynamics of, 137 

effect of concentration of disinfectant on, 
140 

of hydrogen-ion concentration on, 114, 
118 

of lipoid content of bacteria on, 149 
of organic matter on, 134, 135 
of proteins on, 149 
of temperature on, 143 
of variations in bacterial resistance 
on, 140 

reaction velocity of, 137 
Dispora Kaukasica. See Lactobacillus caucasicus 
Dissociation, bacterial, 289. See also Varia- 
tion of bacteria 

Distemper of cats, 1 877. See also Feline enteritis 
of dogs, foxes and ferrets, 1961 
encephalitis in, 1961 

Distilled water, effect of on bacteria, 117 
Division of bacteria, different methods of, 33 
Doderlein’s bacillus, 750 et seq,, 757, 1996 
Dogs, anaphylactic shock in, 1138 
Brucella infection of, 1719 
distemper of, 1961 
experimental pneumonia of, 1669 
in relation to fihre boutonneuse, 1848 
infectious anaemia of, 904, 1798 
leptospiral jaundice of, 1837 
streptococcal lymphadenitis in, 1496 
Stuttgart plague in, 1837 
tuberculosis in, 427, 1342, 1343 
t 3 ?phus of Lukes in, 1837 
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Donovania granulomatis, 1790 
Dormancy of bacteria, 98 
Dose-response curve in measurement of 
toxicity, 995-998 

Droplet infection, 1312, 2003, 2006 
Droplet nuclei 

fate in respiratory tract, 1024 
Drug idiosyncrasies, 1153 
Drug-fast micro-organisms, 156, 160, 180 
Drug-fast strains of pyogenic bacteria, 1504 
Drusen in actinomycosis, 375, 1270, 1272 
Dry bible of cattle, 1621 
Ducks, disease of due to CL botulinum, 1622 
eggs of in relation to food poisoning, 1598- 
1599 

keel disease of, 1599 
Salmonella infection of, 1598 
spirocbsetosis of, 1809 
Ducrey’s bacillus, 791 et seq., 807, 1790 
Durand’s disease, 1961 

Durchseuchung hypothesis of origin of natural 
antibodies, 1081-1083 
Dust infection, 1312, 2003, 2005 
Dyes, bacteriostatic effect of on bacteria, 134, 
356, 659, 1527-1528 

susceptibility to, of Gram-positive and 
Gram-negative bacteria, 134, 356 
use of in differentiation of Brucella^ 820 
Dysentery, amoebic, 1561 
bacillary, 4561-1576 

antiserum, use of in, 1574 

definition of unit of, 1575 
asylum, 1565 

bacteriology of, 1566-1570 
bacteriophage in treatment of, 1576 
borne by milk, 1565, 2049 
carriers of, 1570 
chemotherapy of, 1576 
diagnosis of, 1571 
epidemiology of, 1562 
flies in relation to, 1563 
laboratory infection in man, 1571 
prophylaxis of, 1573 
vaccination against, 1574 
winter, of calves, 527 
balantidial, 1561 

Dysentery group of bacteria, 685-699. See 
Shigella 

Earthworms in spread of anthrax, 1732 
Ectromelia, 1278, 1909 

active immunization against, 1258 
experimental epidemics of, 1256 
Egg, dried, Salmonella in, 728-743, 1602 
Eggs, black rot of, 647 

for cultivation of viruses, 961 
Salmonella infection of, 1598, 1599 
Eh, 50 

relation of to anaerobic growth of bac- 
teria, 71 

Ehrlich’s phenomenon in toxin-antitoxin re- 
action, 239 

method of diphtheria antitoxin stan- 
dardization, 1383 

theory of antigen-antibody reactions, 196 
Eijkman’s test, in differentiation of cpli- 
serogenes group, 664, 2023 


EJciri, 1568 

El Tor vibrio, 518 seq., 525 
Electric charge in relation to agglutination 
214, 264 

to phagocytosis, 235 
Electricity, effect of on bacteria, 107 
Electrolytes, effect of on antigen-antibody 
reactions, 200 

Electromagnetic waves, effect of on bacteria 
103 

Electrophoresis. See Cataphoresia 
Elementary bodies, 958, 1887 
Encephalitis in animals, 1921-1925 
Borna disease, 1921 

horses, foxes, mice, chickens, and sheep 
1922-1924 
in distemper, 1961 
louping-ill, 1925 

meningo-encephalitis of rabbits and 
guinea-pigs, 1924 
Encephahtis m man, 1915-1921 
Australian X type, 1918 
Bwamba fever, 1920 
equine type, 1918 

Japanese, summer, or B type, 1917 
lethargica, 1915 

Russian spring-summer type, 1918 
St. Louis type, 1916 
secondary type, 1894, 1921 
Semliki Eorest type, 1920 
West Nile type, 1918 
Encephalitis post- vaccinal, 1894, 1921 
Encephalitozoon cuniculi, 1925 
Endo medium, 1528 
Endocarditis, bacterial, 1514 
in swine erysipelas, 1283 
lenta, subacute, 1515 
Endotoxins, 1008 

antigens bacterial, relation of to, 1010 
changes produced by in blood sugar, 1011 
See also Toxins, bacterial 
End-piece of complement, 229 
Entamoeba histolytica, dysentery caused by, 
1561 

Enteric fever, 1519-1555 

active immunization against, 1550, 1554 
antibody response in, 1520 
bacteraemia in, 1520 
bacteria causing, 1526 
carriers in, 1543 

detection of by Vi test, 1547 
gall-bladder infections in relation to, 
1522 

chemotherapy in, 1555 
diagnosis of, 1526-1540 

by agglutination reaction, 1529 
by blood culture, 1627 
by cultivation from faeces, 1527 
natural agglutinins in relation to, 
1532 

previous inoculation in relation to, 
1537 

effect of general sanitation on, 1548 
epidemiology of, 1540 
fhes in relation to, 1543 
mesenteric glands, infection of in, 1522 
mflk in relation to, 1542, 2049 



INDEX-VOLUME 11 STARTS ON PAGE 971 


Enteric fever, pathogenesis of, 1520-'1525 
period of disease in relation to contact 
infection, 1546 
relapses in, 1525 
route of infection in, 1523 
shell fish in relation to, 1541, 2031 
tonsillar infection in, 1524 
treatment of with specific antisera, 1654 
Vi antigen in relation to, 1525, 1547 
water-borne epidemics of, 1541, 2031 
Enteric infections in animals, 1555 
Enteritis, feline, 1963 

of animals. See Enteric infections 
Enteritis of infancy, 1580-1590. See also 
Enteric fever and Pood poisoning 
associated with organisms of doubtful 
pathogenicity, 1585 
with parenteral infection, 1589 
due to known pathogenic organisms, 1584 
due to toxic substances of bacterial origin, 
1588 

epidemiology of, 1580 
influence of breast-feeding on, 1582 
neonatal diarrhoea in, 1583 
of protozoal origin, 1588 
prophylaxis and treatment of, 1589 
summer diarrhoea, 1585 
Enterococcus. See Streptococcus, fcecalis group 
of 

Enterotoxsemia of sheep, 1782 
Enterotoxic substances produced by SaL 
monella, 1607 
Entique, 1647 
Enzootic hepatitis, 1959 
Enzymes, bacterial, acting on Type III pneu- 
mococcal polysaccharide, 173, 1682 
adaptation of, 293 
adaptive,” 293 
“ constitutive,” 293 
mutation of, 295 
nature and integration of, 59 
rdle of in bacterial metabolism, 46 et seq. 
site of action of, 59 
variation of, 295 
Eperythrozoon, 903, 905 
coccoides, 905 

Epidemic strains of bacteria, 1261 
Epidemiology, experimental, 1252-1264 
carriers and latent infections, 1253 
epidemic strains of bacteria, 1261 
genetic factors in, 1254 
immunizing strains of bacteria, 1262 
natural immunization, 1251 
selection in, 1254 
spatial distribution in, 1263 
variation of bacteria in relation to, 1260 
Epitoxoids, 239 

Epizootic hepato-enteritis of guinea-pigs, 1960 
lymphadenitis in guinea-pigs, 1495 
pneumonia of calves, 391, 1281 
Ergophore group, 198 
Errors of random sampling, 981 et seq. 

Erwinia, definition of, 654, 655 
Erysipelas, 1479 

chemotherapy in, 1485 
experimental in rabbit, 1180-1182 
local immunity to, 1180-1182 


Erysipelas of swine. See Swine 
Erysipeloid, 1285 
Erysipelothrix, 395-403 
rough types of, 396 
smooth types of, 396 
erysipeloides, 399 
monocytogenes, 395 et seq., 401 
disease due to, 1286, 1791 
muriseptica, 395 et seq., 767, 1286 
porci, 399 

rhusiopathm, 171, 395 et seq., 400 
disease due to, 395, 1283-1285 
Erythema arthnticum epidemicum, 1277 
Erythema, infective, 386, 1277 
nodosum, 1332 
Erythrobacillus, 631 

Erythrogenic toxin of Streptococcus pyogenes, 
591, 1465-1469 

Esbach reagent for inhibiting Proteus, 1528 
Escherichia. See Bacterium coU 
Essential oils, effect of on bacteria, 136 
Esthiomene, 1870 

Ether extraction, effect of on antigen and 
antibody, 207 

Ethers, effect of on bacteria, 132 
Euglobulin. See Globulins 
Exanthematic fever of Marseille, 1848 
Exhaustion hypothesis in relation to bacterial 
growth, 94r-97 

Exotoxins, 1007-1011. See also Toxins, bac- 
terial 

Experimental epidemiology. See Epidemio- 
logy, experimental 

Eseces, normal flora of, 1987 et seq. 

Eamine fever. See Relapsing fever 
Earcy of cattle, 387, 1276 
Eat metabolism of bacteria, 58 
Eatigue, effect of on resistance, 1202 
Eats, effect of on antigenic stimulus, 1115 
lipins and waxes in bacteria, 45, 409 
synthesis of, by bacteria, 59 
Eebris quintana or wolhynica, 1851 
Eeline enteritis, 1963 

FerTceltyphus, bacillus of. See Salmonella 
typhi-suis 

Eermentation, study of by Pasteur, 2 

reactions in identification of bacteria, 361 
Eerret, distemper in, 1962 

influenza in, 1656, 1659, 1660 
Eibrinolysin in bacterial infection, 1012 
produced by Str. pyogenes, 591 
Eibromatosis, infectious, of rabbits, 1979 
Eield mice or voles in relation to leptospiral 
infections, 1834-1836 
to tsutsugamushi fever, 1849 
Fiivre houtonneuse, 1848 
Eildes’ medium for growth of jET. influenzse, 793 
Enters, bacterial, 949 
collodion, 951 
gradocol, 951, 955 
Eiltrable forms of bacteria, 35, 408 
viruses. See Viruses, animal 
Filtration, factors affecting, 949 

use in obtaining pure cultures, 355, 910 
Einkler-Prior’s vibrio, 525 
Fixation of bacteria in tissues, 1044, 1045 
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Flagella, bacterial, 30 

Flagellar antigens. See Antigenic structure of 
bacteria 

Flaming in disinfection, 113 
Flavacin, 177 

Flavine, disinfection by, 135, 1776 
Flavoprotein, role of in bacterial oxidation, 50 
Fleas, in astiology of plague, 1628 et seq. 

in relation to murine typhus fever, 1845 
Flexner’s bacillus. See Shigella 
Flies in relation to anthrax, 1733 
to dysentery, 1563 
to enteric fever, 1543 
to limberneck of chickens, 1622 
to summer diarrhoea, 1586 
Fluorescin, 508-510 
Foals, pysemia in, 1404 

Food poisoning, 1592-1612. See also Botulism 
chemical, 1592 
diagnosis of, 1608 

due to spray-dried egg, 1598, 1602, 1604 
to “ virus ” preparations, 1603 
epidemiology of, 1593 
general bacteriology of, 1595 
“ infection ” type of, 1596 

caused by eggs, 1598, 1599 
caused by milk, 1602, 2049 
mode of infection of food in, 1602 
human carriers, 1603 
infected animals, 1598-1600, 
1602, 1603 

rats and mice, 1600, 1603 
Salmonella types in, 1597 
symptomatology of, 1592 
type of food causing, 1601 
investigation of outbreaks of, 1608 
prophylaxis of, 1610 
“ toxin ” type of, 1593, 1604 
due to staphylococci, 1605 

to various organisms, 1606 
Foot-and-mouth disease, 1903-1907. See also 
Chapter 55 

experimental reproduction of, 1904 
immunity in, 1906 

mechanical factors in relation to lesions of, 
1242 

relation of to vesicular exanthema of 
swine, 1908 

Ring-Impfung in, 1907 
virus of, 1905 

Foot-rot of sheep, 481, 1787 
Forage poisoning in horses, 880, 1620 
Formaldehyde, effect of on bacteria, 149 
hypersensitiveness to, 1155 
Formol toxoid in diphtheria immunization, 
1392 

in tetanus immunization, 1765 
Forssman antibody, anaphylactic shock in 
relation to, 1144 
antigen and antibody, 1089 
antigen in bacteria, 282 
Fowls, bacillary white diarrhoea in chicks, 1555 
blue comb of, 1970 
botulism of, 1622 
Brucdla infection of, 1719 
bumble-foot of, 1349 
cholera of, 1646 


Fowls, choleraic disease of, 522 
coryza of, 1799 
infectious bronchitis of, 1970 
infectious laryngo- tracheitis of, 1969 
leucsemia of, 1976 
limhemeck in, 880, 1622 
Newcastle disease of, 1658, 1969 
paralysis of, 1976 

plague or pest of, 1968. See also Chapter 
55 

pox and roup of, 1896, 1970. See also 
Chapter 55 

Rous sarcoma of, 1977 
Salmonella infection of, 1599 
tuberculosis in, 428, 1343, 1348 
Foxes, encephalitis of, 1923 
Freezing, effect of on bacteria, 1 12 
Frei test, 1871 
Freundlich isotherm, 218 
Freundlich series, 129 

Fnedlander’s bacillus. See Bacterium, Fried- 
lander group of 
Frogs, red leg disease of, 647 
Fumigacin, 177 
Fumigatin, 177 
Fusiformis, 477-484 

group characteristics of, 477 
growth requirements of, 478 
in infections of man, 1497, 1498, 1786 
in mouth, 479 
fragilis, 477, 483 
furcosus, 477, 484 
fusiformis, 477, 482 
melaninogenicus, 361, 484 
necrophorus, 477, 479 

in calf diphtheria, 481, 1787 
in foot-rot of sheep, 481, 1787 
in human infections, 481, 1786 
in labial necrosis of rabbits, 481, 1788 
ramosus, 477, 483 
serpens, 477, 483 

Gaertner’s bacillus. See Salmonella enteritidis 
Gall-bladder, infection of, 1497, 1522 
Gall-stones, effect of in promoting infection, 
1497 

Gamma globulin in measles prophylaxis, 1952 
Gaol fever. See Typhus fever, classical 
Garnet method of standardizing disinfectants, 
146 

Gas gangrene, 882, 885, 887, 1770-1783 
active immunization against, 1777 
chemotherapy of, 1776 
hyaluronidase in, 1773, 1774 
in animals, 1778 
in man, 1770 et seq. 
antisera to, 1775 

preparation and standardization 
of, 1776 

bacteriology of, 1770 
diagnosis of, 1774 
mode of development of, 1772 
prophylaxis and treatment of, 1775 
. lecithinase in, 1774 
reproduction of in animals, 1772 
Gas ratio, in differentiation of coli-serogenes 
group, 661 et seq. 
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Gaseous disinfectants, 149 

requirements of bacteria, 69 
Gastro-enteritis. See Enteritis of infancy and 
Food poisoning 

Gastric juice, bactericidal action of, 1021, 1987 
Geese, septicaemia of due to Tre'p. ansennum, 
1808 

Genera, bacterial, summarized descriptions of, 
318-323 

Generation index, 89 
Generation time, 89 

of different organisms, 92 
Genetic factors in anaphylaxis and hyper- 
sensitiveness, 1159 
in immunity, 973 

to Pasteurella and Salmonella, 974, 
975, 1254 

to tubercle bacillus, 975, 1298 
Genital tract, factors determining normal flora 
of, 1025, 1210, 1996 
Genus, bacterial, 316 
Gerbilles, plague in, 1637 
German measles, 1952 

Germicides, practical application of, 149. See 
also Disinfectants avd Disinfection 
Qiardia lamhlia, enteritis due to, 1588 
Gigantic acid, 177 
“ Ginger ” paralysis, 1592 
Gioddu, 750 
Glanders, 1408-1415 
and farcy, 1408 
control of in horses, 1416 
diagnosis of, 1411 
epidemiology of in animals, 1408 
in man, 1411 

experimental reproduction of in animals, 
488, 491 

immunity in, 1414 
latent, 1409 
mallein test in, 1412 
prophylaxis of, 1414 
Glandular fever, 1791 

Glasser’s bacillus. See Salmonella typM-suis 
Gliotoxin, 177 

Globulins, antiviral antibodies in relation to, 
1240 

serum, nature of, 242 

molecular weight of, 243 
Glossary of terms employed in describing 
bacteria, 364-372, 369 
Glycolipoid antigens, 280, 1008 
Goats, actinomycosis of due to aerobic 
Actinomyces, 1276 

Brucella infection of, 1695, 1697, 1706 
contagious agalactia of, 945, 1867 
tuberculosis in, 424, 429, 1343 
Gonococcin, 1459 

Gonococcus. See Neisseria gonorrhoeas 
Gonorrhoea, 1454-1460. See also Neisseria 
gonorrhoeas 

chemotherapy in prevention and treat- 
ment of, 1459 
diagnosis of, 1456 
in adults, 1454 
in children, 1456 

prevention and treatment of, 1469 
pyrotherapy in, 1460 


Gonorrhoea, reproduction of in man, 1466 

Gonotoxin, 549, 1456 

Gradocol membranes, 951, 955 

Grahamella, 903, 905 

Gramicidin, 174 

Gram’s stain, 38 

in identification of bacteria, 359 
Granules, Babes-Ernst, 23, 449, 532 
Bollinger’s, 1492 
glycogen and starch, 23 
metachromatic, 23, 532 
Much, 407 
Paschen, 959, 1887 
volutin, 23 

Granulohacillus but 3 n“icus. See Clostridium 
welchii 

Granulohacter saccharobutyricum. See Clos- 
tridium hutyricum 
Granuloma inguinale, 1790 
Granuloma venereum, 1790 
Gravis type of C. diphtherice. See Coryne- 
bacterium diphtherias 
Grigoroff’s Bacillus C., 764 
Group and specific phases of flagellar (H) 
antigens, 278 

Growth and death of bacteria, 80-99 
Growth curve of bacteria, 82 
decline phase, 83, 97-98 
lag phase, 82, 83-88 
logarithmic phase, 82, 88-94 
stationary phase, 83, 94-97 
Growth of baqteria 

effect of oxygen on, 96 
of pH on, 72 
of temperature on, 72 
without multiplication, 84, 2045 
Guarnieri corpuscles, 1887 
Guinea-pig, normal, antitoxin in blood of, 1084 
Guinea-pigs, anaphylactic shook in, 1137 
epizootic hepato-enteritis of, 1960 
epizootic lymphadenitis of, 1495 
infectious paralysis of, 1932 
meningo-encephalitis of, 1925 
pneumococcal pneumonia of, 1499 
pseudotuberculosis of, 1649 
salivary gland virus of, 1943 
tuberculosis in, 425, 429, 1325 


H agglutinins in diagnosis of enteric fever, 
1529-1540 

in relation to antityphoid inoculation, 
1537 

H antigens, 277, 283 
H-?-0 variation, 291 
Hsemin as bacterial vitamin, 68 
Haemobartonella, 903 

Hsemolysins, 224. See also Antigen-antibody 
reactions. For hsemolysins produced by 
various bacteria see under bacterium in 
question 

Hsemolysins, natural, 1089 
Hsemolysis, 193, 224. See also Antigen-anti- 
body reactions 
hot-cold type, 616 

Haemolytic streptococci. See Streptococcus, 
haemolytic group of 
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Hse77iopMlus, 786-810 

antigenio relations of, 799 
bronciio-pneiimoiiia in relation to, 1666 
cultural characters of, 790 
experimental infections with, 804-805 
fermentative reactions of, 796 
in Koch-Weeks conjunctivitis, 1496 
in endocarditis, 1515 
in wotmd infection, 1502 
morphology of, 787 
variation of, 805 

bronchisepticus, 494, 495, 787 et seq., 809 
causing pneumonia in animals, 1686 
in distemper, 1962 
relation to Perez’s bacillus, 495 
toxins of, 802 
canis, 791 ei seq., 807 
ducreyi, 791, 807 
influenzas, 786-807 

antigenic structure of, 799 
broncho -pneumonia in relation to, 
1666 

fermentation reactions of, 796 
growth requirements of, 790 
haemolytic strains of, 795 et seq., 807 
in meningitis, 1450 
in normal nasopharynx, 1993 
in sinusitis, 1499 
mucoid type of, 799 
pathogenicity of, 802 
phases of, 801 

rdle of in epidemic influenza, 1656 
in swine influenza, 1661 
smooth type of, 794 et seq., 789 
summarized description of, 806 
type of growth of, 794 
X and V factors in relation to growth 
of, 791 

influenzae- suis, 791 et seq., 807 
para-influenzas, 191 et seq., 807 
parapertussis, 801, 809 
pertussis, 787, 791 et seq., 809 
antigenic structure of, 800 

in relation to immunization 
against whooping cough, 1664 
in whooping cough, 1662 
pathogenicity of, 802 
summarized description of, 809 
toxins of, 802 

Heemorrhagic septicaemia. See Pasteurellosis 

Hail, bacteria in, 2014 

Haptens, 258. See under Antigens 

Haptophore group, 197 

Hasamiyami, 1834 

Haverhill fever, 386, 1277, 1278 

HaverhilMa multiformis, 1277 

Hay bacillus. See Bacillus suUilis 

Hay fever, 1153 

Heart, congenital malformations of, in relation 
to bacterial endocarditis, 1515 
Heart-water fever, 929, 1862 
Heat. See also Temperature and Disinfection 
effect of on subsequent multiplication of 
bacteria, 116 

use of in obtaming pure cultures, 354 
Hedgehogs, foot-and-mouth virus in, 1903 
Helber chamber, 81 


Helvolic acid, 177 
Hepatitis, enzootic, 1959 
Hepatitis, infectious necrotic, 1780 
Hepatitis, infective, 1793 

relation of to serum and arsenic Jaundice 
1794-1796 

Hepato-enteritis of guinea-pigs, 1960 
Herd infection and herd immunity, 1245-1266 
Heredity of immunity, 973 et seq. 
in tuberculosis, 1298 

d’Herelle’s phenomenon. See Bacteriophage 
Herpes febrilis, 1897. See also Chapter 55 
encephalitis in, 1898 
keratitis m, 1897, 1899 
relation of to B and pseudo -rabies viruses, 
1921 

to encephalitis lethargica, 1916 
Herpes genitalis, 1900 
Herpes zoster, 1900 

relation of varicella to, 1901 
Heterologous, meaning of in relation to anti- 
gen-antibody reactions, 274 
Heterophile antigen and antibody, 1089 
antigen in bacteria, 282 
Heterotrophic bacteria, 61 
von Hibler’s bacillus IX. See Clostridium 
tertium 

Hiccup, epidemic, 1915 

Hirschfeld’s bacillus, 731. See Salmonella 
paratyphi C, 

Hirst test, 1658, 1969 
Hiss-Y bacillus, 689 

Histaminase, relation of to anaphylactic shock, 
1150 

Histamine, action of on skin, 1149 

antisera to, inhibition of, anaphylactic 
shock by, 1150 
as kataphylactic agent, 1208 
production of by tissues, 1149 
shock, 1144 

anaphylactic and anaphylactoid 
shock, relation of to, 1149 
Histiocytes in relation to antibody formation, 
1103-1106 

to local immunity, 1185 
phagocytosis of bacteria by, 1035 et seq. 
Historical outline of bacteriology, 1-15 
Hodgkin’s disease, 1981 
Hofmann’s bacillus. See Corynehacterium 
Hofmeister series, 129 

in relation to inhibition of agglutination, 
214 

inactivation of complement, 230 
Hog cholera, 1963 

Homologous, meaning of in relation to anti- 
gen-antibody reactions, 274 
Hormones, relation of to immunity, 1210 
Horses, actinomycosis due to aerobic Actino- 
myces, 1276 

African sickness of, 1965 
botriomycosis in, 1492 
botulism in, 880, 1620 
Brucella infection of, 1718 
contagious pustular stomatitis in, 1895 
epizootic abortion of, 1968 
forage poisoning in, 880, 1620 
grass disease or sickness of, 1621 
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Horses, infectious anaemia of, 1837, 1966 
influenza in, 1662 
joint ill of foals, 676 

normal, diphtheria antitoxin in blood of, 
1084: 

staphylococcal antitoxin in blood of, 
1084 

periodic ophthalmia of, 1943 
strangles of, 1496 
swamp fever of, 1966 
tetanus of, 1767 
tuberculosis in, 427, 429, 1342 
ulcerative lymphangitis of, 1403 
vesicular stomatitis of, 1907 
Hot-cold lysis, 616 
Hoyle’s medium, 451, 1374 
Humidity, effect of on resistance, 1203 
Hyaluronidase formation, 591, 593 
in bacterial infections, 1013 
produced by various iDacteria, 1013 
protective action of, 1072 
Hyaluronic acid in bacterial capsules, 1072 
in tissues, 1013 

Hydrocyanic acid, production of by Pa. pyo- 
cyanea, 510 

Hydrogen peroxide, production of by bacteria, 
72 

toxic action of on bacteria, 72 
Hydrogen sulphide, methods of examination 
for, 369 

Hydrogen-ion concentration, 72. See also pH 
effect of on disinfection, 114, 118 
Hydrogenomonaa flava, 505 
pantotropha, 505 
vitrea^ 505 

Hydrogen-transport in bacterial metaboUsm, 
47 

Hydrophile state in relation to antigen- 
antibody reactions 209 
Hydrophobe state in relation to antigen- 
antibody reactions, 209 
Hyperemesis hiemis, 1708 
Hypersensitiveness, 1152-1160. See also 
Allergy and Anaphylaxis 
active and passive sensitization in man, 
1153 

bacterial, 1162 

desensitization in, 1162-1164 
relation of, to immunity, 1163 
reaction of, inhibition by blocking 
antibody, 1159 
desensitization in, 1160 
genetic factors in, 1159 
Prausnitz-Kustner reaction in, 1156 


I.N.I. agent, 1875 
Ice, bacteria in, 2014 
Ice-cream, 1542, 1565, 1604, 2049 
Ichthyosismus. See Botulism 
Ictero-hsemoglohinuria of cattle, 1621 
Identification of bacteria, 357-363 
Idiosyncrasies, the, 1153 
Immunity. See also Antibodies, Antigens, 
Antigen-antibody reactions and under 
individual diseases 
acquired, 976 


Immunity, active, 973 

in experimental epidemics, 1252-1260 
induction of by particular antigens, 
1055 

alcohol, effect of on, 1209 

allergy in relation to, 1160, 1330-1336 

antibacterial, 1034-1065 

antibodies, relation of to, 1051 
different, relation of to, 1054 
antigenic specificity of, 1054 
antipneumococcal in rabbit, 1037, 
1047^ 

synthetic antigens in induction 
of, 1054 

bactericidal and bacteriolytic re- 
actions in relation to, 1046 
efficacy of, 1057 
histiocjT-tes in relation to, 1035 
leucocytes in relation to, 1036 
macrophages in relation to, 1034 
microphages in relation to, 1039 
natural acquirement of, 1062 
passive transference of, 1048 
reactions of immunized as compared 
with normal animals in, 1047 
reticulo- endothelial system in rela- 
tion to, 1034 et seq. 
antitoxic, 1029-1033 
antitoxin in, 1030 
avidity of, 1030 

time of administration, im- 
portance of, 1031 
endotoxins, relation of to, 1032 
in relation to invasive infections, 1031 
antiviral, active, 1229 

cellular and humoral factors in, 1234 
mechanisms of, 1232 
passive, 1231 

bacteriophage in relation to, 1215 
benzene, effect of on, 1209 
calcium as kataphylactic agent in relation 
to, 1206 
cellular, 1053 

in relation to local, 1187 
congenital, 973, 1077 

placenta, relation of to, 1077 
diet, effect of on, 1190-1202 
enhancement of by non-specific sub- 
stances, 1214 
fatigue, effect of on, 1202 
genetic, 973, 1078, 1079, 1298 
genetic factors in, 1254 

in experimental epidemics, 1254 
grades of, 976 
herd, 1245-1266 
hormones effect of on, 1210 
humidity, effect of on, 1202 
inanition, effect of on, 1201 
infection, existing as result of, 1165 
infection-, 1165-1166. See also Infection- 
immunity 
innate, 973 
local, 1180-1188 

non-specific factors in, 1185 
measurement of, 981-994 

statistical methods, use of in, 983- 
1001 
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Immunity, mechanisms that hinder access of 
bacteria to tissues, 1019-1027 
effect of A- avitaminosis on, 1191 
non-specific factors in, 1173-1178 
partial, 977 
passive, 973 

in relation to antibacterial immunity, 
1048 

to antitoxic immunity, 1029 
penicillin, relation of to, 184 
persistence of antigen in body in relation 
to, 1129 

relation of to anaphylaxis, 1146 
response to chilling as test of, 1203 
seasonal variations in, 1205 
Shwartzman phenomenon, relation of to, 
1177 

starvation, effect of on, 1193, 1201 
sulphonamide drugs, relation of to, 1211 
temperature, external, effect of on, 1202 
tissue, in relation to local, 1187 
ultra-violet rays, effect of on, 1204 
various types of, 971-978 
virus diseases, in relation to, 1225-1242 
vitamins, effect of on, 1190-1199 
Immunization, active, 1257. See also under 
individual diseases 
in experimental epidemics, 1257 
relation of different antigens to, 1055 
resulting from infection, 1062 
combined active and passive, 1117, 1401 
concentrated, 1115 

natural, in experimental epidemics, 1254 
side-to-side inoculation in, 1231 
Impaction paralysis of cattle, 1621 
Impetigo contagiosa, 1493 
Impressed variations in bacteria, 290, 291 
Inanition, effect of on resistance, 1201 
Inclusion blennorrhoea, 1880 
Inclusion bodies, 958, 1228. See also Bollinger 
inclusion bodies, Borrel bodies, Guamieri 
corpuscles and Paschen granules 
Indicator media, use of in obtaining pure 
cultures, 356 

Indole, methods of examination for, 367 
Infantile paralysis. See Poliomyelitis 
Infants, enteritis of. See Enteritis of Infancy 
Infection, bacterial, 1002 et seq. 

by the mouth, experimental, 1045 
cellular reactions in, 1007 
mechanisms of, 1002-1016 
mechanisms that hinder access of 
bacteria to tissues, 1019-1027 
of wounds, 1500-1503 
sequence of immunological events in, 
1062 

herd, 1245-1267 

latent, herd infection in relation to, 1246 
Infection-immunity," 1165, 1813 
Infectivity, bacterial, relation of to virulence, 
1260 

Influenza, 1655-1662 

active immunization against, 1659 
antiviral sera in, 1660 
baciUus. See JSsemophilus infiuenzm 
diagnosis of, 1659 
Hirst test in, 1668 


Influenza in ferret, 1656, 1659, 1660 

in swine and other animals, 1661-1662 
relation of human to swine virus in, 1656 
1657 

rdle of H. influenzas in, 1656 
virus of, 1656-1659 
Influenzal meningitis, 1450 
Insect vectors of infection. See under Fleas, 
Flies, Lice, Mosquitoes, Ticks and individual 
diseases 

Interference phenomenon, 1236 
Intermedius type of G, diphtherise. See Qoryne- 
hacterium diphtherias 
of coli-serogenes, 663, 2024 
Intestinal bacteria 

as food-stuff's, 1991 
destruction of vitamins by, 1992 
effect of sulphonamides on, 1991 
synthesis of vitamins by, 1991 
Intestinal obstruction, clostridial infections in 
1777 

Intestinal toxaemia, 1990 
Intestines, bactericidal mechanisms in, 1021, 
1988 

importance of micro-organisms in, 1989 
local immunity of, 1183 
normal flora of, 1986-1992 
Involution forms of bacteria, 33 
Irradiation, effect of on resistance, 1203 
Isoagglutinins, 1089 

Isolation, effect of on incidence of infective 
disease, 1265 
Isolysins, 1089 

Jaeger’s coccus, 531, 532, 553 
“ Jake ” paralysis, 1592 
Japanese, or B, encephalitis, 1917 
Japanese River fever, 1849 
Jaundice, arsenic, 1795 
catarrhal, 1794 
epidemic, 1793 
infective, 1793 
leptospiral in animals, 1837 
in man, 1828-1837 
serum, 1794 

Joest-Degen corpuscles, 1922 
Johne’s bacillus. See Mycobacterium johiei 
Johne’s disease, 441, 1363 
bacteriology of, 441 
johnin reaction in, 1365 
tuberculin reaction in, 1365 
Johnin, 1365 

Joint ill in foals, bacillus associated with, 676 
in lambs, 1284 
streptococcal, of lambs, 1496 
Joints, pyogenic infections of, 1496. See also 
Arthritis 

Jones and Handley’s medium for inhibiting 
Proteus, 1528 

K.H. reaction in diagnosis of glanders, 1414 
Kahn test, 1819 

interpretation of, 1820 et seq, 
Kataphylaxis, 1206, 1750, 1773 
Kauffmann- White schema, 712-716 
Kedani, 1849 

Keel disease of ducks, 1599 
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Kefin 750 
Kenya fever, 1848 
Keratitis herpetica, 1899 
Keratoconjunctivitis, epidemic, 1902 
Kidney, pulpy disease of lamlbs, 1782 
pyogenic infections of, 1499 
Kikuyu, diet and resistance of, 1200 
Kisselo-mUho, 750, 763, 764 
KlebsielU, 654, 655 
Koch, 9 et seq. 

Koch’s phenomenon as example of allergy, 
1161, 1326 

Koch’s postulates, 1002 
Koch-Weeks bacillus, 791 et seq., 807 
in conjunctivitis, 1496 

Kupffer cella, phagocytic action of, 1035 el seq. 

LD50 dose of lethal substances, 995 
Lf and Lr dose of toxin, 1384 
Lo and L + dose of toxin, 239, 1384 
Labial necrosis of rabbits, 481, 1788 
Laboratory infections 
in cholera, 1420 
in dysentery, 1571 
in glanders, 1411 
in louping-ill, 1925 

in lymphocytic choriomeningitis, 1933 
in psittacosis, 1872 
in scarlet”fever, 1464 
in tularsemia, 1721 
in typhus fever, 928, 1846 
in undulant fever, 1701, 1702 
Lactiformans, 756 
Lactobacillm, 750-765 

antigenic structure of, 754 
biochemical reactions of, 753 
classification of, 755 
metabolism of, 752 

methods of isolation of from natural 
sources, 752 
pathogenicity of, 754 
resistance of, 752 

acidoqyhiUserogenes, 753, 758, 761. See 
also L. brems 

acidophilus, 750 et seq., 757, 1987, 1991, 
1996 

beroUnensia, 756 

bifidus, 750 et seq., 762, 763, 1987 
brevis, 756, 758, 761 
huohneri, 756 

bulgaricus, 750 et seq., 763, 1990 
casei, 756, 757 
caucasicus, 750, 757, 763 
ex%lis, 750, 757, 764 
fermenti, 756 

odontolyticus I and JJ, 753 et seq., 760, 761 
pastorianus, 756 

pentoaceticus, 753. See also L. brevis 
plantarum, 757 
wehmeri, 756 
Lag phase of growth, 83 
Lakes, bacteria in, 2015 
Lambs. See Sheep 
Lamziekte, 880, 1621 
Laryngo-tracheitis of fowls, 1969 
Latent infection. See under individual 
disecbses 


Latent infection, in relation to herd infection, 
1246 

Lattice hypothesis of antigen-antibody re- 
actions, 208, 220 
Leben raib, 750 

Lecithinase in bacterial infection, 867, 1774 
Leeuwenhoek, van, 2 

Leifson’s desoxycholate citrate medium, 1528 
sodium selenite medium, 1528 
Lemming fever, 1721 
Lemon’s formula, 90 
Lepromin, 1361 
Leprosy, 1358-1363 

bacillus. See Mycobacterium leprae 
bacteriology of, 431r-440 
due to rat leprosy bacillus, 1359 
in rats. See Eats 
Wassermann reaction in, 1360 
Leptospira, 908 et seq., 919-924 
in water, 1829-1831 
infections due to, 1828-1838 
tabulated diseases due to, 1835 
akiyami, 923, 1834, 1836 
Andaman A and B t3rpes, 924, 1834, 1836 
australis A and B, 923, 1836 
autumnalis, 923, 1834, 1836 
haiavise, 923, 1834 
biflexa, 921, 924, 1831 
canicola, 924, 1837 
grippO‘typhosa, 923, 1836 
liebdomaAis, 923, 1836 
icterohsemorrhagise, 911, 912, 919 
in canine jaundice, 1837 
in infection of rats, 1830 
in Weil’s disease, 1828 
javanica, 924 
mitis, 923 
oryzeti, 924 
pomona, 923, 1837 
Rachmat type, 923, 1834 
Salinem type, 923, 1834 
sejroe, 924, 1836 

Swart van Tienen type, 923, 1834 
Leucsemia of fowls, 1976 
Leucocidin, pneumococcal, 592 
staphylococcal, 616 
streptococcal, 590 

Leucocytes, in relation to immunity, 1036 
Idlling of bacteria by without phagocy- 
tosis, 1176 

in antiviral immunity, 1233 
role of in immunity, 1174 
variation in phagocytic power of, 1174 
Leuconostoc citrovorus, 628 
dextranicus, 628 
mesenterioides, 627 
Leukins, 1173 
Leukotaxine, 1044 ‘ 

Levinthal’s medium for growth of H. in- 
fluenzae, 793 

Lice in relation to epidemic typhus fever, 1841- 
1844 

to infectious anaemia of rats, 1798 
to relapsing fever, 1806 
to trench fever, 1851 
Life- cycle of bacteria, 34, 87 
Light, effect of on bacteria, 102 
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Limberneck in chickens, 880, 1622 
Lindner’s initial bodies in trachoma, 1878 
Lipopolysaccharide antigens. Bee Glycolipoid 
antigens 

Liquid air, effect of on bacteria, 112 
Lister, 11 

Listerella, 395-403, 401, Bee Erysipelothrix 
monocytogenes 

Lister’s method of counting bacteria, 81 
Litmus milk, changes produced by bacteria in, 
367 

Liver ffukes in causation of black disease, 
1781 

Local anaphylactic reactions, 1151 
Local formation of antibodies, 1101 
Local immunity, 1180-1188. Bee also Im- 
munity, local 

Localization of bacteria, 1005, 1045 
Loewenberg’s bacillus, 494, 667, 1789 
Logarithmic phase of growth, 82, 88-94 
Lomhriz of sheep, 1646 
Lone Star fever, 1846 
Louping-ill, 1925 
Lubeck catastrophe, 1306, 1341 
Lukes, canine typhus of, 1837 
Lungs, relative sterility of normal, 1024 
Lygranum, 1871 

Lymph capillaries, permeability to foreign 
matter of, 1042 

Lymph glands. Bee Lymph nodes 
Lymph nodes, fate of bacteria in, 1043 
fate of viruses hr, 1045 
filtering action of, 1043 
formation of antibodies in, 1104 
Lymphadenitis, epizootic, of guinea-pigs, 1495 
streptococcal, of dogs, 1496 
Lymphadenoma, 1981 
Lymphatic blockade, 1044 

system, availability of antibody in, 1061 
Lymphocytic choriomeningitis, 1932 
Lymphogranuloma inguinale, 1869 
Lymphopathia venereum, 1869 
Lysis. Bee Bacteriolysis, Haemolysis and Bac- 
teriophage 

Lysozyme, 1020, 1022, 1175 
in tears, 1025 
in tissues, 1998 


MacConkoy’s medium in cultures from enteric 
fever, 1527 

in water analysis, 2022 
McLeod’s medium, 451, 1374 
Macrophages, 1035. ^ee also Histiocytes 
Mad itch, 1941 
Madura disease, 1275 
Malignant catarrh of cattle, 1966 
oedema, 1778 
pustule, 1733 
MaHem test, 1412 

Malta fever, 1693-1697. Bee also XJndulant 
fever, due to Br. melitensis 
Maltase in serum, 367, 534 
Manchester bacillus. Bee Shigella newcastle 
Marfanil, 158, 167 

Marsefile, exanthematic fever of, 1848 
Masai, diet and resistance of, 1200 


Mass law, in antigen- antibody reactions, 219 
in enzyme adaptation, 293 
Massauah vibrio, 526 

Massol’s bacillus. Bee Lactobacillus hulgaricus 
Mastitis, suppurative in nursing mothers, 1492 
Mastitis in cattle, 1493 

G. pyogenes associated with, 1494 
staphylococci associated with, 1493, 1494 
streptococci associated with, 581, I493 
1494 
Mazun, 760 

M- concentration of living organisms in culture 
94 

Measles, 1949-1952. Bee also Chapter 55 
latent infection in, 1226 
prophylaxis of, 1950-1952 
reproduction of in animals, 1949 
Meconium, bacteria in, 1989 
Media indicator, use of in obtaining pure 
cultures, 356 

selective, use of in obtaining pure culture 
355 

solid, introduction of by Koch, 10 
Mediterranean fever. See XJndulant fever 
Melioidosis, 1415 

Melitin reaction in diagnosis of undulant fever, 
1705 

Membrane, cytoplasmic, of bacterial cell, 27 
Meningitis, 1431-1451 

acute, lymphocytic type of, 1932 
aseptic, 1932 

cerebrospinal, 1431-1449. Bee also Neiss- 
eria meningitidis 
carrier epidemic in, 1434 
carrier rate in, 1434, 1442 

effect of overcrowding on, 1434- 
1436 

chemoprophylaxis in, 1443 
chemotherapy in, 1448 
diagnosis of, 1438 

by examination of petechial skin 
lesions, 1441 

epidenaiology of, 1432-1438 
mode of spread of, 1433 
, prophylaxis of, 1441 

rhinopharyngitis in, 1434 
routes of infection in, 1436 

direct extension from nose, 1436 
hsematogenous, 1437 
serum treatment of, 1444-1448 
vaccination in, 1444 
influenzal, 1450 
in Weil’s disease, 1829, 1837 
pneumococcal, 1449 
streptococcal, 1449 
tuberculous, 1290, 1449 
uncommon forms of, 1451 
Meningococcus. See Neisseria meningitidis 
Meningo-encephalitis of rabbits, 1916, 1924 
Meningo-pneumonitis virus, 1876 
Metabolic properties of bacteria, 360, 367 
Metabolism of bacteria, 42-74 
mechanisms of, 46 et seq, 

Metachromatio granules, 23, 449, 532 
Metallic salts, effect of in antibody formation, 
1115, 1122 

Metals, effect of on bacteria, 120-130 
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Methanomonas methanica, 505 

Methods of examination of bacteria, 364-369 

Methyl red test, 368, 662 

Methylene blue, use of in study of oxidation- 
reduction reactions, 50 

Methylene blue reduction, methods of examina- 
tion for, 369 

test in examination of milk, 2045 
Mexican typhus, 1841, 1845 
Mice, anaphylaxis in, 1139 
choriomeningitis in, 1933 
ectromelia of, 1278, 1909 

in experimental epidemics, 1253- 
1264 

epidemic in, due to Pasteurella-like 
organism, 779 
field. See Field mice 
in relation to food poisoning, 1600 
infectious catarrh of, 1799 
infective arthritis of, 386, 1278 
influenza of, 1799 
pasteurellosis of, 777, 1254 
plague in, 1637 

pseudotuborculosis of, 461, 1649 
tuberculosis in, 426, 429 
typhoid in. See Mouse typhoid 
Michaeiis’s acid agglutination test, 692 
Micrococcus i 623-625 
serogenes, 625 
agilis, 627 
ascoformans, 1492 
huccalis^ 625 
caseolyticus, 624 
catarrhalis. See Neisseria 
conglomeratuSy 623 
coronatuSf 624 
fiavuSf 623 
freudenreichiiy 624 
gingivaliSf 625 
luieus, 623 

melitensis. See Brucella 
minimus, 625 

pharyAgis cinereua. See Neisseria 
pharyngis fiiavus, i, ii and iii. See 
Neisseria 

pharyngis siccus. See Neisseria 

prodigiosus. See Chromobacterium 

radiatus, 624 

telragenus, 607, 624 

urem, 624 

varians, 623 

Microphages, 1039. See also Polymorpho- 
nuclear leucocytes 
Micromonospora, 382 
Microscopy, electron, 18 

in study of filtrable viruses, 952 
limitations of, 18, 951-953 
Midland cattle disease, 1621 
Mid-piece of complement, 229 
Milk, bacterial flora of, 2036-2039 

pathogenic bacteria in, 2038 
Actinomyces muris, 1278 
anthrax bacilli, 1735 
Brucella abortus, 1700, 1713, 2038 
Brucella melitensis, 1695, 1697, 
1707, 1711 

Brucella suis, 1702, 1711 
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Milk, bacterial flora of, pathogenic bacteria 
m,Gorynebacterium dipMherim, 1390, 2039 
foot-and-mouth virus, 1905 
Staphylococcus aureus, 1494, 1605, 

2039 

streptococci, 1471, 1494, 2039 
tubercle baciUi, 1317, 1344, 2038 
bacteriological grading of, 2041-2049 
cleanliness, safety, keeping quality and 
pasteurizability of, 2039 
designations of, 2048 

diseases borne by, 2049. See also in- 
dividual diseases 

diarrhoea and dysentery, 1565, 1588, 
1590, 2049, 2050 
diphtheria, 1390, 2049, 2050 
enteric fever, 1542, 2049, 2050 
food poisoning, 1602, 1605, 2039 
Haverhill fever, 1278 
poliomyelitis, 1927 
rat-bite fever, 1278 
scarlet fever and other streptococcal 
infections, 1471, 2039, 2049, 2050 
tonsillitis, 1478, 2049, 2050 
tuberculosis, 1289, 1317, 1336, 2049 
undulant fever, 1695, 1697, 1700, 2049 
dried, as dietary factor in relation to 
immunity, 1200 
foot-and-mouth virus in, 1905 
grades of 

accredited, tuberculin tested, pas- 
teurized, heat-treated, 2047-2049 
sterilized, 2053 

litmus, changes produced by bacteria in, 
367 

pasteurization of, 1318, 1319, 1336, 1588, 
2048, 2051 

production of clean milk, 2037 
of safe milk, 2050-2053 
Milk-borne disease. See Milk, diseases borne 

by 

“ Miniature ” scarlet fever, 1465 
Mineral salts, possible effect of on resistance, 
1201 

waters, bacteria in, 2015 
Minimal Haemolytic Hose (M.H.D.) of comple- 
ment, 227 
of haemolysin, 227 

Minimal Lethal Hose (M.L.H.) of toxin, 238 
of diphtheria toxin, 1384 
Miscellaneous bacteria, group of, 898-905 
Mist bacillus. See Mycobactermm stercoria ' 
hfite fever, 936, 1849 

Mitis type of C, diphtherise. See Corynebac- 
terium diphtherise 
Mitogenetic rays, 98 
Moeller’s grass bacilli i and ii, 404 
Moloney reaction, 1393, 1396 
Molluscum contagiosum, 1978 
Mongoose, in relation to rabies, 1936 

to virus pneumonia, 1876 

Mongoose virus, 1876 
Monkeys, anap%laxis in, 1139 

experimental pneumococcal pneumonia of, 
1668 

follicular conjunctivitis of, 1878 
tuberculosis in, 427, 429, 1343 

KK"** 
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Monomolecular reaction, similarity of disin- 
fection to, 137-140 

Mononucleosis, infections of man, 1791 
of rabbits, 1286 
Morax-Axenfeld baciUns, 898 
Moraxella, 899 

Morgan’s bacillus. See Proteus morgani 
Morphology of bacteria, 16-39 
in identification, 358 
variations in, 290 
Morvine, 1414 
Moscow typhus, 1845 

Mosquitoes in spread of dengue fever, 1958 
of yellow fever, 1953 

Motility, use of in obtaining pure cultures, 
353 

Mould products, miscellaneous, 179 
Mouse pneumonia virus, 1876 
Mouse septicsemia, bacillus of, 395, 1286 
Mouse typhoid, experimental epidemics of, 
1253 et seq. 

Mouth, removal of bacteria from, 1020 
Much granules, 407 

Mucin, effect of on bacterial infection, 1209 
Mucus, role of in removal of bacteria, 1022 
Mud fever. See Swamp fever 
MuUer’s tetrathionate medium, 1528 
Mumps, 1952 

Mutation, bacterial, 295. See also Variation of 
bacteria 

Myalgia, epidemic, 1960 
Mycetoma, 387. See also Madura disease 
Mycobacterium, 404-442 
acid-fast bacteria, 404 
antigenic structure of, 422 
avian types of, 404 
biochemical reactions of, 422 
chemical structure of, 409 
classification of, 431 
cold-blooded types of, 404 
cultural reactions of, 411 
habitat of, 405 

mammalian types of, 404, 431 
metabolism of, 419 
morphology of, 405 
of voles. See Mycobacterium muris 
optimum hydrogen-ion concentration for 
growth of, 419 

optimum temperature for growth of, 420 

oxygen requirements of, 420 

pathogenicity of, 423 

resistance of, 417 

rough and smooth forms of, 416 

saprophytic types of, 404, 414 

staining of, 405 

tabulated reactions of, 435-437 

toxin production by, 422 

variation of, 415 

butyricum, 404 

johnei, 404, 441 

Zepras, 404, 434 

muris, 405-406, 411, 413, 420, 423-429, 
432, 436-437 

* of rat leprosy, 404, 440 
pMei i and ii, 404 
smegmatis, 405 
stercoris, 405 


Mycobacterium tuberculosis, 404 et seq., 433 
aberrant types of, 431 
attenuated types of, 431 
avian and cold-blooded types of 
cultural differentiation of, 414 
bovine type of, 404 
cellular reactions to products of, 410 
chemical structure of, 409 ’ 

differential characteristics of, tabu- 
lated, 432, 435-437 
dysgonic type of, 412, 431 
effect of glycerine on growth of, 420 
eugonic type of, 412, 431 
filtrable forms of, 408 
human and avian types, differentia- 
tion of, by pathogenicity, 430 
culturally, 413 
serologically, 422 

human and bovine types of, differen- 
tiation of, by pathogenieitv, 
430 

culturally, 412, 420 
human type of, 404 
in suppurative lesions of the urinary 
tract, 1500 

lesions caused by dead bacilH, 431 
minimal infecting dose of for guinea- 
pigs, 425 

Much granules of, 407 
murine type of, differentiation of, 413, 
435-437 

pathogenicity of, 423-428 
pigment formation by, 413, 414, 421 
summarized description of, 433 
supposed life- cycle of, 408 
tuberculin formation by, 410, 1327 
Yersin type of disease caused by, 426 
Myelitis, due to B virus, 1921 
due to herpes virus, 1921 
due to rabies virus, 1921, 1935 
Mykol, 407 

Myositis, clostridial, 1771. See Gas gangrene 
Myxomatosis, infectious, of rabbits, 1978 

Nairobi disease of sheep and goats, 1967 
Nanukayami, 1834 

Nasal mucosa, effect of temperature and 
humidity on, 1203 
Nasik vibrio, 616, 526 
Nasopharynx, normal flora of, 1992 et seq. 
Nastin in treatment of leprosy, 1361 
Native populations, Schick and Dick reactions 
among, 1080-1082 
tuberculosis in, 1296 

Natural antibodies. See Antibodies, natural 
Neapolitan fever. See Undulant fever due to 
JBr. melitensis 
Necrobacillosis, 1786 
in animals, 1787 
in man, 1786, 1788 
Necrosm, 1044 

Necrosis bacillus, 479. See also Fusiformis 
necrophorus 
Necro tuberculosis, 431 

Negative phase in antibody production, 1116 
Negri corpuscles, 1937 
NeSl’s medium, 461, 1374 
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Teisseria, 531-556 

antigenic structure of, 535, 538, 545 
biochemical reactions of, 534 
maltase in scrum, 534 
chemical fractionation of, 535, 539, 547 
classification of, 536 
growth requirements of, 532 
pathogenicity of, 535, 539, 548 
pigment formation by, 534, 536, 556 
resistance of, 534 
tabulated reactions of, 55 4, 555 
variation in, 534, 536, 537, 544 
catarrlialis, 531 et seq., 551 
flamscens^ 531, 556 
gonorrlimee, 531 et seq., 543-550 

differentiation of from N, meningitidis^ 
550 

disease caused by, 1454—1460 
in snppnrati\'e lesions of the urinary 
tract, 1500 

media for cultivation of, 543 
toxin production by, 549 
meningitidis^ 531 et seq.^ 537—543 
autolysin of, 538 

differentiation of from N. gonomheen’y 
550 

disease caused by, 1431-1449 
toxin production bjq 541 
pharyngis, 535, 537, 553 
pharyngis cinerea^ 531, 553 
pharyngis fiava i, ii and iii^ 531 etseq., 552 
pharyngis sicca, 531 et seq., 553 
[eisser-Wechsberg phenomenon, 228 
Feonatal diarrhcea, 1583 
Fewcastle bacillus, 690. See Shigella 
[ewcastle disease of fowls, 1658, 1969 
Fiacin. See Nicotinic acid 
Ficotinic acid as bacterial vitamin, 67, 163 
Ficotinamide, 165 

Fitrate reduction, methods of examination for, 
368 

Fitrates, effect of on anaerobic growth, 54 
Htrobacter, 504 

winogradskyi, 504 
Fitrogen-fixing bacteria, 497 
Fitrogenous constituents of bacteria, 43 
metabolism of bacteria, 55 
Htrosococcus americanus, 503 
litrosomonas, 502-504 
euTopoea, 503 
locardia, 374, 382 
Focard’s bacillus, 1873 
Foma, 1810 

Fomenclature of bacteria, 310-323 

Formal curve, 985 

Formal flora of body, 1984-1999 

alimentary tract, 1986-1992. See also 
Intestines 

factors affecting, 1988 
blood and internal organs, 1998 
conjunctiva, 1998 
factors affecting, 1984-1985 
mouth, 1986 

respiratory tract, 1992-1996 

persistence of species in, 1995 
skin, 1997 

technique of examination, 1984 

P.B. 


Normal flora of body, tonsils, 1992 
urethra, 1997 
vagina and vulva, 1996 
Nose, arrest of bacteria in, 1023 
normal flora of, 1992 et seq, 

Notatin, 178 

Nuclear apparatus of bacteria, 19 
as gcnetical postulate, 289 
Nucleic acid, effect of on antibody formation, 
1123 

Nuclem, increase of opsonic power following 
injection of, 1175 

Null hypothesis, in statistical reasoning, 1000 
Nutritional requirements of bacteria, 61 
and essential nutrients, 63 
and evolutionary series, 62 
and growth stimulants, 63 
as basis of classification, 312 


Oagglutinms in diagnosis of enteric fever, 
1529-1540 

in relation to antityphoid inoculation, 
1537 

O antigens, 277, 283 
Ohara’s disease. See Tularsemia 
Oils, animal, effect of on bacteria, 137 
essential, effect of on bacteria, 136 
Omentum, r61e of in peritoneal infections, 1040 
Oosporosis, 1270 

Opacity of a bacterial suspension, factors 
determining, 81, 85 
Ophthalmia neonatorum, 1455, 1460 
Ophthalmia, periodic, of horses, 1943 
Opsonins, 194, 235. See also Antigen-anti- 
body reactions 

increase of, induced by injection of 
nuclein, 1175 
non-specific, 235, 237 

Optimal antigen- antibody ratio in agglutina- 
tion, 212 

in precipitin reaction, 201 et seq, 

Avith constant antibody, 202, 204 
with constant antigen, 202, 204 
relation of to chemical equivalence, 204 
of constant-antigen ratio to constant- 
antibody ratio, 202, 209 
Optimal proportions in agglutination, 213 
in complement fixation, 233 
in precipitation, 201 

Oral sepsis in relation to endocarditis, 1515 
Organic acids as disinfectants, 119 

as substrates for fermentation tests, 706 
Ornithosis, 1874 
Oroya fever, 903, 1796 
Osmotic effect of salts on bacteria, 127 
Osteomyelitis, 1496, 1506 
Osteophagia, 1621 
Otitis media in rats, 1499 
Owls, virus disease of, 1971 
Oxalates in metabolism of Pf, whitmori, 493 
Oxalates, production of by JPf, whitmori, 492- 
493 

Oxidase, bacterial, 48 

Oxidation-reduction potential, measurement 
of, 50 

reactions in bacterial metabolism, 50, 71 
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Oxygen, effect of on growth of bacteria, 96 
on survival of bacteria, 2017 
variation in requirement of, by bacteria, 
360 

Oxygen lack, effect of on antibody formation, 
1122 

Oysters, 2031 
Ozsena, 494, 1788 

Abel-Loewenberg bacillus in, 667 et seq. 
bacillus of Perez in, 494 
Ozone, effect of on bacteria, 149 


Pahvant Valley fever. >See Tularaemia 
Pantothenic acid as bacterial vitamin, 67, 164 
Pantoyltaurine, 164 

Papillomatosis of rabbits, infectious, 1980 
oral, 1980 

Paracholera vibrios, 520 

Para- aminobenzene sulphonamide. See Sul- 
phanilamide 

Para-ammobenzoic acid, as bacterial vitamin, 
162 

as antagonizer of sulphonamide com- 
pounds, 161 

Paracolon bacilli, 676, 715 

Salmonella antigens in, 715, 744 
Vi antigen in, 715, 744 
Para-influenza bacilli, 791 et seq. 

Paralysis, bulbar due to pseudorabies virus, 
1941 

infectious, of guinea-pigs, 1932 
Parameningococcus, 538 
Para-Shiga bacilli. See Shigella 
Paratyphoid fever. See Enteric fever 
Parotitis, epidemic, 1952 
Parrots, psittacosis in, 1872 

tuberculosis in, 427, 429, 1343 
Paschen granules, 959, 1887 
Passive anaphylaxis, 1140 

immunity. See Immunity, passive 
Pasteur, 2 et seq. 

Fasteurella, 767-784 

antigenic structure of, 773 
biochemical reactions of, 772 
classification and identification of, 778 
colonial variants of, 769 
cultural characteristics of, 769 
differential characteristics of, tabulated. 
779 

haemolytic group of, 778 
in experimental epidemics, 1252-1259 
metabolism of, 771 

organisms resembling, in acute contagious 
pneumonia of sheep, 779 
in epidemic in mice, 779 
pathogenicity of, 775 
resistance of, 770 
Salmonella antigens in, 703, 773 
variations in virulence of, 775 
Vi antigens in, 774 
aviseptica^ 767 et seq. 
hoviseptica^ 767 
bubaliseptica, 772 
lepiseptica, 767, 770, 771 
munseptica, 767 
oviseptica, 767 


Fasteurella pesiis, 767 et seq.^ 780 

disease caused by, 775, 1627-1646 
pseudotub erculosts^ 767 et seq.^ 782 
disease caused by, 777, 1649 
motility of, 768 
sephca, 767 et seq., 778, 781 

diseases caused by, 777, 1646-1649 
suisephca, 767 
vituhsephca, 767 
Pasteurellosis, 1646-1649 

experimental epidemics of in mice, 1254 
experimental reproduction of in animals 
777 

of rats, 1639 

Pasteurization of milk, 1318, 1319, 1336, 1588 
2048, 2051 

Pathogenicity in identification of bacteria, 362 
of various bacteria. See under individual 
bacterium 

methods, use of in obtaining pure cultures 
356 

Patulin, 177 

Paul-Bunnel] test, 1792 

Paul’s test in diagnosis of smallpox, 1888 

Pemphigus neonatorum, 1492 

Penatin, 178 

Penfold’s hypothesis of lag, 84 
Penicidm, 178 
Fenicillia, 175 
Penicilhc acid, 178 
Penicillm, 175, 179-185 

acquired resistance of bacteria to, 180 
action of in animal body, 184 
assay of, 181 
discovery of, 175 
laboratory use of, 182 
mode of action of, 182 
range of activity of, 175, 180 
use of in obtaining pure cultures, 356, 1664 
Penicillinase, 180 
Peptone shock, 1144 

possible relation of histamine to, 1151 
Perez’s bacillus, 494 
Periostitis, 1496 

Peritoneal cavity, experimental infections in, 
1039 

passage of bacteria from to blood stream, 
1041 

Peritonitis, 1498 

clostridial infections in, 1777 
Peroxidases in bacterial metabolism, 48 
Pertussis. See Whooping Cough and Hsemo- 
philus 

Petit’s bacillus, 899 
Ffeijferella, 486-496 

antigenic structure of, 488 
classification of, 490 
group characters of, 486 
pathogenicity of, 488 
relation of to Actinobacillus, 490 
mallei, 486 et seq., 490 

disease caused by, 1408-1415 
whitmori, 486 et seq., 492 
disease caused by, 1415 
oxalate production by, 492-493 
Pfeiffer’s reaction, 192, 1425, 1806 
pH, effect of on bacterial growth, 72 
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hagocytes, 1039 

possible protective action of on bacteria, 
1060 

hagocytosis, 1039. See also Opsoiims, Bac- 
teriotropins and Immunity, antibac- 
terial 

aggressins, inhibition of by, 1069 
effect of protein dellciency on, 1201 
electric charge in relation to, 235 
genetically determined, 975 
role of opsonins in, 193 
variations in phagocytic power of leuco- 
cytes, 1174 

helps’ method of standardizing disinfectants, 
148 

henols, effect of on bacteria, 133 
hlebitis, 1491 
hlebotomus fever, 1959 

hlebotomus nogiichi m relation to verruga 
peruana^ 1797 

hosphatasc, production of by diphtheroid 
bacilli, 453 

tost for heated milk, 2051 
hotodynamic sensitization, effect of on 
bacteria, 106 
on bacteriophage, 107 

hotomicrograph}^, use of ultra-violet light in, 
18, 952 

hotosynthesis in bacteria, 61 
igeon-pox, 1896 

igment formation by bacteria, effect of salts 
on, 633, 635, 637 
in identiffcation of bacteria, 361 
inhibition of by calcium, 635 
variation in, 299 

igments, bacterial, role of in metabolism, 73 
in photosynthesis, 61 
igs. See Swine 

'lacenta, relation of to congenita] immunity, 
1077, 1092 

lague, 775, 1627-1646 
chemotherapy in, 1646 
diagnosis of in man, 1641 
in rats, 1631, 1638 
thermoprecipitin test in, 1639, 1641 
differential diagnosis of from tularaemia, 
1722 

differentiation of from pseudotuberculosis, 
1640 

epidemiology of, 1627 
experimental reproduction of in animals, 
775 

fleas in jetiology of, 1628 et seq. 
in animals, other than rats, 1637 
m rats, 1628 et seq. 

experimental transmission of, 775, 
1631 

increasing immunity of rats to, 1635, 
1641 

mode of spread of in Bombay, 1628, 1634 
in Egypt and other parts, 1636- 
1638 

pneumonic, 1638 
prophylaxis of, 1642 
serum treatment in, 1645 
vaccination against, 1643 
*lakins,1173 


Plate method of counting bacteria, 82 
111 milk, 2043 
in water, 2021 

use of m obtaining pure cultures, 352 
Platelets, role of in clearing mechanism of 
blood stream, 1036 
Pleurodynia, epidemic, 1960 
Pleuropneumonia group of organisms, 939-948 
cultivation of, 940 
diseases caused by, 945-948 1867 
morphology of, 941-944 
organism of contagious agalactia , 945, 
1867 

other chaiacters of, 944-945 
strains of, in dogs, 946 
in guinea-pigs, 947 
in man, 947 
in mice, 947 
in rats, 946 

lettered and numbered types of, 
946, 947 

saprophytic pleuropneumonia- 
hke, 947 
of cattle, 1867 

due to Pasteurella. 1647 
of swine, 1964 

Pneumobacillus. See Bactey'ium, Eriedlander 
group of 

Pneumococcal meningitis, 1449 

polysaccharides. See Streptococcus pneu- 
viomai 

septiciemia, experimental study of in 
rabbits, 1037, 1048 

Pneumococcus, 501. See Streptococcus pneu- 
moniae 

Pneumonia, 1668-1686 

active immunization against, 1683 
aggressive action of haptens in, 1071, 
1679 

antipneumococcal serum, and sulphona- 
mide drugs, combined treatment of 
with, 1682 

from horses, 1675-1677 
from rabbits, 1678 
standardization of, 1679 
treatment of with, in animals, 1669 
in man, 1675-1679 
atypical, 1876 
bactersemia in, 1670 
chemotherapy of, 1681 
contagious of sheep, 779, 1648 
enzyme treatment of, 1682 
experimental in animals, 1669 
frequency of different pneumococcal types 
in, 1671 et seq. 

in animals, due to H. hronchisepticu 1686 
due to Pasteurella^ 1646-1648 
in guinea-pigs, 1499 
in rats, 1499 
infectious of goats, 1646 
mortality of in relation to infecting type, 
1671-1673 

polysaccharides, excretion of in, 1678 
relation of “ carrier ” types to, 1673 ei seq. 
as a contagious disease, 1674 
skin reactions to pneumococcal polysac- 
charides, 1685 
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Pneumonia, Type III, treatment of with 
bacterial enzyme, 1682 
typing of infecting pneumococcus in, 

1678 

vaccination against, 1683 
vitamin A in relation to, 1195 
viruses in, 1875 
Pneumonic plague, 1638 
Poisoning, food. See Pood poisoning 
ptomaine, 1595 
Polar staining, 37 

Poliomyelitis, 1926-1932. See also Chapter 55 
latent infection in, 1226 
natural antibodies to, 1226 
Polysaccharide antigens of various bacteria, 
279, For particular bacteria see under 
organisms in question 

Polysaccharides bacterial, as aggressins, 1071, 

1679 

as haptens, 258 
excretion of, in disease, 1678 
in stimulation of antibody production, 
1119, 1684 

Porges’ method for capsule removal, 671 
Portal pyiemia, 1491 

Potential difference in relation to agglutina- 
tion, 214 

to phagocytosis, 235 
Poxes, animal, 1895-1897 
Prausnitz-Kiistner reaction in hypersensitive- 
ness, 1156 

Precipitin reaction, 200. See also Antigen- 
antibody reactions 

Precipitins. See under Antigen-antibody 
reactions 

formation of, 1109 
protective action of, 1057 
Preisz-Nocard bacillus. See Corynebacterium 
ovis 

Pre-school child, immunization of against 
diphtheria, 1399 

Primary stimulus, effect of on antibody forma- 
tion, 1106 

Proactinomycin, 178 

Probability in relation to assessment of 
significance, 983 et seq. 

Probability tables in counting bacteria, 82, 
2022 

Promin. See Sulphone 

Prontosd . See Sulphonamido - cry soidin 

Propamidine, 172 

Protein constituents of bacteria, 43 
metabolism of bacteria, 55 
Proteins, antigenic differences between, 253 
effect of chemical treatment on antigenic 
structure of, 253 

relation of to full antigenicity, 260 
Protein-sparing effect of carbohydrates in 
bacterial metabolism, 57 
Proteus, 642-651 

classification of, 648 

diseases associated with, 1497, 1498, 1500, 
1501, 1586 

haemolytic activity of, 645 
in relation to putrefaction, 645 
to summer diarrhoea, 1586 
prevention of swarming of, 644, 1528 


Proteus, swarming of, 643-645 
hydrophilus, 647 
mirabihs, 648 
morgam, 642 et seq., 651 
vulgaris, 642 et seq., 649 

in wound infection, 1501 
X, 642, 647 et seq., 933, 1853-1858 
zenheri, 648 
Protista, 949 

von Prowazek-Halberstaedter inclusion bodies 
m trachoma, 1878 
Pro -zone in agglutination, 212 
in bacteriolysis, 228 

in precipitation. See Optimal antigen: 
antibody ratio, 201 et seq. 
Pseudoanthrax bacillus. See Bacillus pseudo^ 
anthracis 

Pseudo-lymphocytic choriomeningitis, 1932 
1934 

Pseudomonas, 506-512 

group of forming bluish-green pigment, 508 
in peritonitis, 1498 
in summer diarrhoea, 1586 
in suppurative lesions of urinary tract 
1500 

in wounds, 1501, 1503 
seruginosa. See Ps. pyocyanea 
cavias, 512 
cyanogena, 512 
denitrificans, 512 
fluorescens, 506 et seq., 511 
pyocyanea, 506 et seq., 510 

antigenic structure of, 508 
differentiation of from Ps. fluorescens, 
511 

pathogenicity of for animals, 508, 511 
pigment formation by, 508, 510 
variation of, 508, 510 
radicicola. See Rhizobium leguminosarum 
Pseudorabies, 1941 

relation of to B, and herpes viruses, 1921 
Pseudotuberculosis, 426, 777, 1403, 1404, 1649 
cladothrichicha, 1275 
differentiation of from plague, 1640 
experimental reproduction of in animals 
777 

of man, 1650 
of mice, 461, 1649 
of pigs, 1650 
of rodents, 1649 
of sheep, 468, 1403, 1649 
Pseudo tuberculous enteritis. See Johne’s 
disease 

Psittacosis, 1872-1875 

in fowls, pigeons and petrels, 1872, 1874 
in psittacine birds, 1872 et seq. 

-like diseases, 1875 
Ptomaine poisoning, 1595 
Puerperal fever, 1480-1485 

anaerobic streptococci in relation to, 148^ 
chemotherapy in, 1485 
Dick test in relation to, 1480 
intrinsic and extrinsic infection in, 1481 
prophylaxis in, 1483 
serum treatment of, 1484 
various bacteria in relation to, 1485 
vitamin A in relation to, 1194 
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Pulpy kidney disease of lambs, 1782 
Pure cultures of bacteria, methods of obtain- 
ing. See Cultures, pure 
Pyaemia, 1491 
in foals, 1404 
Pyaemia, portal, 1491 
Pyelitis, 1499 

Pyelonephritis in cattle, 1500 
in man, 1499 

Pyobacillosis, chronic, of sheep, 1499 
Pyocyamn, 508-510 

as respiratory pigment, 54 
Pyogenic infections, 1490-1506 
Pyrotherapy in treatment of gonorrhoea, 1460 
of syphilis, 1824 
Pyridine sulphonamide, 163 
Pyrithiamine, 164 

Q fever, 1850 
Quarter-evil, 1778 
Queensland, coastal fever of, 

B. tropicus in, 841 
Leptospira m, 1834, 1837 
7-day fever of, 923, 1837 

Rabbits, anaphylactic shock in, 1138 

experimental pneumococcal pneumonia 
of, 1669 

infectious fibromatosis of, 1979 
infectious mononucleosis of, 1286 
infectious myxomatosis of, 1978 
infectious papillomatosis of, 1980 
labial necrosis of, 479, 1788 
menmgo-enccphalitis of, 1924 
oral papillomatosis of, 1980 
pox of, 1896 
snuffles in, 1647 

syphilis in, experimental, 916, 1165, 1814- 
1816 

natural, 1825 

tuberculosis in, 424, 429, 1343 
virus-III infection of, 1909. See also 
Chapter 55 

Rabies, 1935-1941. See also Chapter 55 
ascending myelitis in, 1935 
due to vampire bats, 1935 
fixed virus of, 1936 

mode of infection of central nervous 
system in, 1936 
Negri corpuscles in, 1937 
Radium, effect of on antibody formation, 1104 
on bacteria, 109 
Rain, bacteria in, 2013 
Ramon precipitin reaction, 202 

in standardization of diphtheria antitoxin, 
1384 

Rat-bite fever due to Actinomyces muris, 386, 
1276 

due to Spirillum minus, 925, 1276-1278, 

1838 

Ratin bacillus, 736, 1603 
Rats, Brucella infection of, 1720 

experimental pneumococcal pneumonia 
of, 1669 

in aetiology of plague, 1627 et seq. 
in relation to food poisoning, 1603 
in relation to typhus fever, 1845 


Rats, in relation to Weil’s disease, 1830 

increasing immunity of to plague, 1635, 
1641 

infectious anaemia of, 904, 1797 
leprosy of, 404, 440, 1361 
otitis media in, 393, 1499 
pasteureUosis of, 1639 
plague in, 1631, 1638 
pneumonia of, 393, 1281, 1499, 1699 
tuberculosis in, 426, 429 
typhoid of, 1600 
“ Ray-fungus,” 373 

Reaction velocity of disinfection, 137. See also 
Disinfection 
Reagins, 1157 et seq. 

Receptors, 196 

different orders of, 198 
Red-vs^ater disease of cattle, 891 
Rejuvenation, relation of to lag phase, 84-88 
Relapse strains of spirochaetes, 1806 
Relapsing fever, 1803-1808 

arsenic-fast strains of spirochaetes in, 1808 
immunity to, 1805 
Pfeiffer’s phenomenon in, 1806 
prophylaxis and treatment of, 1808 
relapse strains of spirochaetes m, 1806 
reproduction of in animals, 914, 1807 
transmission of, 1804 
Treponema recurrentis in, 913, 1803 
named varieties of, 1804 
Reproduction of bacteria, 33 
Resistance, 981. See Immunity 

of bacteria to various agents, 101-150 
methods of examination for, 359, 
366 

variations in, in relation to disinfec- 
tion, 140 

Resolution, optical, factors determining, 18 
Respiration, bacterial, 46 
in relation to growth, 85 
Respiratory activity of bacteria in relation to 
growth, 85 
infections, 1653-1686 

Respiratory tract, normal distribution of bac- 
teria in, 1023 
normal flora of, 1992 

Reticulo-endothelial system, antibodies, forma- 
tion of, role of in, 1102 
antiviral immunity, role of m, 1232, 1233 
in relation to antibacterial immunity 1034 
et seq. 

Reversed anaphylaxis, 1140 
Rh factor in human blood, immunological 
significance of, 1088 
Rheumatic fever, 1509-1516 

hypersensitive reactions in, 1511, 1513 
relation of to Vitamin C, 1197 
streptococci in relation to, 1509-1511 
Str. pyogenes in relation to, 1511-1514 
virus, as cause of, 1514 
Rhinopharyngitis in meningitis, 1434, 1436 
Rhinoscleroma, 1789 

bacillus of, 667 et seq. 

Rhizobium, 499-502 

leguminosarum, 499-502 
i?Ao- variants (p) of Salmonella bacilli, 303 
of vibrios, 521 
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Rhodococcus agilis, 627 
cinnabar eus, 627 
rJiodochrous, 626 
roseofuhus, 627 

Riboflavin as bacterial vitamin, 66 
Rickettsia, 928-937 

antigenic structure of, 933 
classification of, 937 
cultivation of, 931, 960 
diseases caused by, 1841-1862 
habitat of, 929 
metabolism of, 931 
morphology of, 930 
pathogenicity of, 933-936 
relation of to Proteus X, 1857 
resistance of, 932 
alcamushi. See R. nipponica 
bovis, 937, 1862 
hurneti, 929, 932, 936, 1850 
canis, 937, 1862 
conjunctive, 936, 1862 
conori, 1848 

dia2}07ica. See R. burneti 
melophagi, 929, 931 
moosen, 929 et seq., 935, 1845 
nipponica, 929 et seq., 936, 1849 
orientaUs. See R. nipponica 
ovina, 937, 1862 
pediculi, 929, 1852 

prowazeki, 647, 928 et seq., 934, 1841 et seq. 
louse-borne type of, 934, 1841 
murine type of. See R. moosen 
guintana, 928, 936, 1851 
rickettsi, 929 et seq., 935, 1846 
rocha-limm, 936, 1844, 1852 
ruminantium, 929, 1862 
trachomatis, 1879 
tsutsugamushi. See R. nipponica 
wolhynica. See R. quintana 
Rideal- Walker drop method of standardizing 
disinfectants, 146 

Rieckenberg reaction. See Adhesion pheno- 
menon 

Rift Valley Rever, 1959 
Rinderpest, 1965. See also Chapter 55 
Ringer’s solution, 126 
Ring-Impfung, 1907 
Rivers, bacteria in, 2015 
self-purification of, 2020 
Rocky Mountain spotted fever, 935, 1846 
Rodella’s bacillus III. See Clostridium tertium 
Rodent diseases, bacteriology of. See under 
Rats, Mice, Guinea-pigs, etc. 

Rodent tj^phoid, 1600 

Rodents, plague in gerbilles, ground squirrels, 
field and multimammate mice, spermopliiles 
and tarbagans, 1637 
Rolling disease, 947 

Roll-tube method of counting bacteria, 82 
Rdmer’s method of performing tuberculin re- 
action, 1328 

of titrating diphtheria antitoxin, 1383 
of titrating diphtheria toxin, 1376, 1377 
Rontgen rays, effect of on bacteria, 108 
Rough variants of bacteria, 299 
mode of division of, 300 
salt-sensitivity of, 299 


Roughness in relation to antigenic structnrp 

277, 283 

Roup, 1895, 1896 

Rous sarcoma of chickens, 1977 

Rovida’s tube, 353 

RubeUa, 1952 

Ruys’ medium, 1528 

SaJcushu fever, 1834 
Saliva, 1986 

bactericidal activity of, 1021 
normal flora of, 1986 

Salivary calculi due to Actinomyces, 1272 
gland virus of guinea-pigs, 1943 
Salmonella, 702-745 

animal reservoirs of, 1598 
antigenic structure of, 710-719, 726-745 
antigenic types, fermentative varieties of 
718 

antigenic variation of. See also Variation 
a-p phase, 279, 716 
artificial phase, 716 
H antigens, 716 
M antigen, 718 
0 antigens, 717 
OH O, 717 
smooth -trough, 277, 717 
specific-group phase, 278, 716 
Vi antigen, 717 
X antigen, 718 

bacteriophage method of typing of, 719, 
1548 

biochemical activities of, 706, 718 
chemical fractionation of, 280, 720, 724 
composite antigens in, 712 

d, 712, 743. See Salm. gaminara 
V, VI, and xii, 712, 717 
7, 742. See Salm. carrau 
cultural characters of, 704 
genetic resistance to, 975 
habitat of, 703 

in birds and animals, 1598-1601 
111 food poisoning, 1594-1604 
in the tonsils, 1524, 1604 
in typhoid fever. See Chapter 69 
morphology of, 704 
mucoid colonies of, 704, 705 
nomenclature of, 702 
pathogenicity of, 721, 1519 et seq., 1584, 
1596-1601 

production of enterotoxic substances by, 
1607 

resistance to heat and chemicals, 659, 705, 
1527, 1528 

summarized description of different species 

of, 725-744 

toxins of, 721, 723, 1595, 1607 
Vi antigens in, 713-715, 717, 1525. See 
also Vi antigen 
aberdeen, 709, 715, 741, 1597 
ahony, 707, 713, 727 
abortus-bovis, 707, 713, 730 
abortus -canis, 727. See Salm. paratyphi B 
abortus~equi, 707, 713, 730 
abortus-ovis, 707, 713, 730 
accra, 736. See Salm. dublin 
adelaide, 709, 715, 744, 1597 
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Salmonella aertryclce. See Salm. typhi-nmirium 
altendorf, 707, 713, 730 
amager, 708, 714, 739 
amersfoortf 707, 713, 733 
amherst'iana, 708, 714, 735 
anaUim, 708, 714, 739, 1597-1599, 1602 
arechavaleta, 713, 730 
arizona, 709, 715, 744 
ballerup, 709, 715, 743 
bareilly, 707, 713, 733, 1526, 1597, 1602 
batavia, 740. See Salm. lexington 
berUn, 732. See Salm. tJiompson 
berta, 708, 714, 737 
binnSf 727. See Sahn. typhi-miiriwm 
bispebjerg, 707, 713, 729 
blegdam, 708, 714, 737 
bonariensis, 708, 714, 735 
borbeck, 715, 741 

bovis-morbificans, 707, 714, 734, 1597 

braenderup, 707, 713, 733, 1597 

brandenhurg, 707, 713, 729 

bredeney, 707, 713, 730 

budapest, 707, 713, 729 

California, 707, 713, 729 

Cambridge, 714, 741 

canastel, 714, 738 

Cardiff, 707, 713, 732, 1597 

carrau, 709, 715, 742 

cerro, 709, 715, 743 

chaco, 708, 736. See Salm. enteritidis 
Chester, 707, 713, 728, 1597 
cholerm-suis, 707, 713, 731, 1526, 1597 
claibornei, 708, 714, 738 
coU, Types i-v, 715, 745 
concord, 713, 733, 1597 
Copenhagen, 727. See Salm. typhi-murium 
danysz, 708, 736. See Salm. enteritidis 
dar-es-salaam, 708, 714, 737 
derby, 707, 713, 729, 1597 
duhlin, 708, 714, 736, 1597 
duesseldorf, 708, 714, 735 
duisburg, 738. See Salm. gallinaram 
durban, 714, 738 
eastbourne, 708, 714, 737, 1597 
enteritidis, 708, 714, 723, 735, 1526, 1597 
lysogenic strains of, 346 
essen, 707, 713, 729, 1597. See also Salm. 
enteritidis 

fiorida, 709, 715, 742 

gallinarum, 708, 714, 738, 1597 

gaminara, 709, 715, 743 

gdrtner, 735, 736. See Salm. enteritidis 

georgia, 713, 733 

give, 708, 714, 739, 1597 

glostrup, 708, 714, 735 

goettingen, 708, 714, 738 

grumpensis, 715, 741 

habana, 709, 715, 742 

hartford, 707, 713, 733 

heidelberg, 707, 713, 728 

heves, 709, 715, 742 

hormsechei, 709, 715, 744 

horsham, 715, 742 

hvittingfoss, 709, 715, 742 

illinois, 708, 714, 741 

infantis, 713, 732 

inverness, 709, 715, 744 


Salmonella italiana, 714, 738 

java, 727. See Salm. paratyphi B. 
javiana, 708, 714, 738, 1597 
jena, 735, 736. See Salm. enteritidis 
haapstad, 713, 729 
haposvar, 707, 713, 729 
kentuchy, 709, 715, 743, 1597 
kiel, 736. See Salm dublin 
kirkee, 709, 715, 743 
koeln, 713, 729. See also Salm. dublin 
kottbus, 707, 713, 734 
kunzendorf, 707, 731. See Salm. cholerse- 
suis 

lexington, 708, 714, 740 
litchfield, 708, 714, 735 
loma-hnda, 714, 737 
london, 708, 714, 739, 1597 
madelia, 709, 715, 742 
manhattan, 708, 714, 734 
meleagridis, 708, 714, 740, 1597, 1602 
mexicana, 707, 714, 734 
mikawasima, 707, 713, 733 
minnesota, 709, 715, 743 
mississippi, 715, 742 
montevideo, 707, 713, 733, 1597, 1602 
moscow, 708, 714, 737 1526 
moskau, 736. See Salm. enteritidis 
muenchen, 707, 714, 734, 1597 
muenster, 708, 714, 739 
napoli, 714, 738 
narashino, 708, 714, 735 
new-brunswick, 708, 714, 740, 1597 
newcastle, 741. See Salm. senftenherg 
newington, 708, 714, 740, 1597 
newport, 707, 713, 734, 1597 
niloese, 708, 715, 741 
nyborg, 708, 714, 740 
odense, 727. See Salm. paratyphi B, 
onarimon, 708, 714, 737 
onderstepoort, 709, 715, 742 
oranienburg, 707, 713, 732, 1597, 1602 
Oregon, 707, 714, 734 
Oslo, 707, 713, 733, 1597 
panama, 708, 714, 738, 1597 
paratyphi A, 707, 713, 726, 1526 et seq. 
paratyphi B, 707, 713, 723, 725, 727, 
1526 et seq. 

paratyphi G, 707, 713, 731, 1526 et seq. 
pensacola, 714, 737 

pestis cavise, 727. See Salm. typhi-murium 

pomona, 715, 743 

poona, 709, 715, 741 

potsdam, 707, 713, 732, 1597 

Pretoria, 715, 741 

pueris, 713, 734 

puerto-rico, 734. See Salm. newport 
pullorum, 708, 714, 738, 1555, 1597 
reading, 707, 713, 729, 1597 
rostock, 708, 714, 737 
rubislaw, 709, 715, 741 
saint-paul, 707, 713, 729, 1597 
salinatis, 707, 713, 728 
san-diego, 707, 713, 728, 1597 
schleissheim, 707, 713, 730 
schwartzengrund, 713, 730 
selandia, 708, 714, 740 
sendai, 708, 714, 737 
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Salmonella sliangani^ 708, 714, 739 
senfienberg, 708, 715, 741, 1597 
sLnsbury, 708, 715, 741 
solt, 709, 715, 741 
Stanley, 707, 713, 728, 1597 
storrs, 121, See Salm. typhi-miirium 
sundsvall, 715, 742, 1597 
szentes, 709, 715, 743 
tahsony, lOS, 715, 741 
fel-avtv, 709, 715, 743 
tennessee, 707, 713, 734, 1597 
ihompson, 707, 713, 732, 1597 
tim, 740. See Salm. newington 
typhi, 708, 714, 722, 735, and Chapter 69 
in the tonsils, 1524 

typU-murium, 707, 713, 722, 727, 1597, 
1600 

typhLsuis, 707, 713, 732 
Uganda, 708, 714, 739 
unnamed type, 714 
urhana, 709, 715, 744 
vejle, 708, 714, 739 
Virchow, 707, 713, 732, 1597 
Virginia, 714, 735 

voldagsen, 732. See Salm. typlu-suis 
weltevreden, 714, 740 
wichita, 709, 715, 742 
Worthington, 709, 715, 742, 1597 
Zagreb, 707, 713, 729 
Zanzibar, 708, 714, 740 
Salt agglutination, 214 
Salt sensitivity of rough variants, 299 
Salts, antagonistic effect of, 125 
effect of on bacteria, 120 et seq. 
on other germicides, 127 
on pigment formation, 633, 635, 637 
mode of action of, 127 
susceptibility of Gram-positive and Gram- 
negative bacteria to, 125 
Sampling errors, assessment of, 981 et seq. 
Sandflies, in relation to verruga peruana, 1797 
Sandfly fever, 1959 
Sao Paulo typhus, 1847 
Saponin solubility of pneumococcus, 571 
Saprophytic acid-fast bacilli, 405 et seq. 
chemical structure of, 409 
classification of, 433 
cultural characteristics of, 414 
effect of glycerine on growth of, 420 
pathogenicity of, 428 
pigment formation by, 415, 421 
Saprophytic viruses, 956 
Sarcina aurantiaca, 625, 626 
conjuTictivde, 626 
conjunctivse citrea, 626 
lutea, 626 
mirabilis, 626 
urese, 626 
ventriculi, 625 

Satellitism of H. injluenzse, 790 
Scarlet fever, 4462-1478 

active immunization against, 1473 
antitoxic sera, prophylactic treatment 
with, 1475 

standardization of, 1476 
therapeutic treatment with, 1475, 
1477 


Scarlet fever, carriers of, 1469 
chemotherapy of, 1477 
convalescent serum m, 1477 
diagnosis of, 1467 

Dick test in, 1078, 1080, 1465, 1467 
epidemiology of, 1469 
experimental production of, 1464 
laboratory infection with, 1464 
milk in relation to, 1471, 2039, 2049 
miniature,” 1465 
mode of spread of, 1471 
prophylaxis m, 1472 
Schultz -Charlton reaction in, 1465 
tonsillitis, relation of to, 1478 
treatment of by chemotherapy, 1477 
with convalescent serum, 1477 
types of Str. pyogenes associated with 
1463 

Schick test, 1075 et seq., 1376 

age groups in relation to, 1076 
antibody content of blood m relation to, 
1377 

blood groups, relation of, to, 1079 
conversion rate, 1396 
environmental conditions in relation to, 
1080 

experimental production of diphtheria in 
positive reactors to, 1085 
immunological significance of, 1075-1085 
in control of active immunization, 1393- 
1396 

in diphtheria convalescents, 1395 
in indigenous populations, 1075-1085 
natural immunization in relation to, 1248 
Schick dose of toxin in, 1377, 1384 
susceptibility of Schick-positive reactors 
to infection, 1377 

Schizomycetes, classification of, 310 
Schmitz’s bacillus. See Shigella schmitzi 
SchmorFs bacillus. See Fusiformis necro- 
phorus 

Schools, diphtheria immunization in, 1248- 
1251, 1399 

Schultz technique in study of anaphylactic 
shock, 1146 

Schultz-Charlton reaction, 1465 
Scours, black, 527 
white, 667, 1662 
Scrapie, 1942 
Scrub typhus, 1849, 1856 
Scurf staphylococcus, 622, 1997 
Sea water, bacteria in, 2015 
Seasonal variations in immunity, 1205 
Secondary stimulus, formation of antibodies in 
response to, 1110 
Selenium salts 659, 706, 1528 
Sensitizer, Bordet’s conception of in haemolysis, 
193 

Septic sore throat borne by milk 1471, 1478, 
2049 

Septicaemia, bacteriology of, 1490 

haemorrhagica. See Pasteurellosis 
Serological reactions, in identification of bac- 
teria, 361. See also under Antigen-antibody 
reactions 

Serotherapy. See under individual diseases 
Serotoxins, in anaphylactic shock, 1143 
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Serratia marcescens, 636 

Serum, diastase in, 453 
maltase in, 367, 534 

Serum-fast strains of spiroclisetes in relapsing 
fever, 1806, 1808 

Serum reactions. See Antigen-Antibody re- 
actions 

Serum sickness, 1162 

Seven-day fever of Japan, 1834 
of Queensland, 1837 

Sewage, activated sludge process of purifica- 
tion, 2033 

bacteriology of, 2032 

pleuropneumonia -like organisms in, 939, 
947 

Shake-tube method, use of in obtaining pure 
cultures, 353 

Sheep, anaerobic infections of. See Anaerobic 
infections of animals 
anthrax of, 1731 
black disease of, 1780 
blackleg in, 884, 885, 1778 
blue-tongue of, 1967 
braxy of. See Braxy 
Brucella infection of, 1697, 1706 
caseous lymphadenitis of, 459. See also 
Pseudotuberculosis 
chronic pyobacillosis of, 1499 
contagious agalactia of, 945, 1867 
contagious pneumonia of, acute, 779, 1648 
contagious pustular dermatitis of, 1897 
enzootic hepatitis of, 1959 
foot-rot of, 481, 1787 
infections of with Cl, wehhii, 1781 
infectious enterotoxasmia, 1782 
lamb dysentery, 1781 
pulpy kidney disease, 1782 
“ struck,” 1782 

infectious necrotic hepatitis of, 1780 

Johne’s disease of, 1363 

joint-ill in lambs, 1284, 1496 

lomhriz of, 1646 

louping-ill of, 1925 

Nairobi disease of, 1967 

pox of, 1895 

pseudotuberculosis of, 1403, 1649 

scrapie of, 1942 

tuberculosis in, 424, 429, 1343 

Shell fish, 2031 

Shell fish in relation to enteric fever, 1541 

Shiga’s bacillus. See Shigella 

Shigella^ 685-699 

antigenic structure of, 687 
bacteriophage action on, 693 
biochemical reactions of, 686 
tabulated, 688 

chemical fractionation of, 693 
classification of, 696 
colonial types of, 686 
differentiation of by Michaelis’ acid 
agglutination test, 692 
disease due to, 1561-1576, 1584-1585, 
1598 

hsemolysin formation by, 686 
metabolism of, 686 
morphology of, 685 
nomenclature of, 685, 698 


Shigella, pathogenicity of, 695, 1561 et seq. 
resistance of, 686 

smooth- rough or type-group variation in, 
686, 690, 692 
toxin-formation by, 693 
alkalescens, 677, 685 et seq., 1569 
dispar, 685 et seq,, 1569 
fiexneri, 685 etseq., 1561 et seq., 1585, 1598 
relation of to Salmonella group, 692, 
744, 745 

newcastle, 685 et seq,, 1569 
paradysenterise, 699 
para-Shiga group of, 685 et seq., 1568 
schmitzi, 685 et seq., 1567 
shigse, 685 et seq., 1566 
sonnei, 685 et seq., 1568, 1585 
sp, ? hoyd Types 170, P288, Dl, P274, 685, 
688-690, 697-699, 1569 
Shop typhus, 1845, 1856 
Shwartzman phenomenon, 1176 

relation to pathogenesis of infection. 1177 
“ Side- chain ” theory, 196 
Side-to-side inoculation, 1231 
Sfiica as kataphylactic agent, 1207 
Silicosis, in relation to tuberculosis, 1208 
Single cell methods, use of in obtaining pure 
cultures, 357 
Sinusitis, 1499 

Site of formation of antibodies, 1101-1106 
Size of bacteria, 16 

increase in, 841 
variation of with age, 84 

in relation to opacity, 81 
Skin, bactericidal action of, 1019 
formation of antibodies in, 1102 
local immunity of to streptococcal infec- 
tion and staphylococcal infection, 1181, 
1182, 1184, 1185 
normal flora of, 1997 

of infants, sensitivity of in relation to 
Dick test, 1078 

staphylococcal and streptococcal infec- 
tions of, 1492-1493 
Slime-fever. See Swamp fever. 

Smallpox, 1884-1895 

elementary bodies in, 958, 1887 
Guarnieri corpuscles in, 1887 
immunity in, 1888. See also Chapter 55 
laboratory diagnosis of, 1887 
mode of infection in, 1884 
Paschen’s granules in, 1887 
Paul’s test in diagnosis of, 1888 
relation of cow-pox and vaccinia to, 1888- 
1890 

reproduction of in animals, 1885 
serum against, 1895 
types of, classical, 1884 

variola minor or alastrim, 1884 
vaccination against, 1890 
complications of, 1894 
foot-and-mouth virus in vaccine, 1894 
protective effect of, 1891 
Smegma baciUus. See Mycobacterium smeg~ 
matis 

Smooth ->• Rough (S R) variation, 299 
Smoothness and roughness in relation to 
immunity, 1055 
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Smoothness in relation to antigenic structure, 
277, 285 

Sneeze, droplets in, 2003 
Snotsiekte, 1966 
Snow, bacteria in, 2014 

Snuff, in treatment of nasal diphtheria carriers, 
1386 

Snuffles in rabbits, 1647 
Soft chancre, 1790 

Sodium desoxycholate, 571, 659, 706, 1528 
Somatic antigens, 276, 283 
Sonic waves, effect of on bacteria, 110 
Sonne’s bacillus. See Shigella sonnei 
Sordelli’s bacillus. See Clostridium bifer- 
mentans 

Species, bacterial, 316 

Specific and group phases of flagellar (H) anti- 
gens, 278 

Specificity of antigen-antibody reactions, 242 
Spectrum, diagrammatic representation of, 
103 

Spinulosin, 178 
Spirillum, 527-529 

minus, 529, 925, 1276-1278, 1838 

ruhrum, 527, 528 

serpens, 529 

undula, 527, 529 

volutans, 529 

Spirochseta, characters of, 907 

morsus muris. See Spirillum minus 
plicatilis, 907 

Spirochsetes, 907-925. See also Spirochseta, 
Cristispira, Leptospira and Treponema 
general characteristics of, 909-912 
in human mouth, 919 
Spirochsetosis avian, 1808 
in animals, 1809 

Spirochastosis icterohaemorrhagica. See Weil’s 
disease 

Spleen, effect of removal on antibody forma- 
tion, 1103 

on Bartonella infection, 903, 1797 
Spontaneous generation, controversy on, 4 
Spore formation, effect of calcium on, 291 
variation in, 291 
Spores, as antigens, 279, 840 
bacterial, 24 

bacteriophage in relation to, 347 
chromatinic bodies of, 25 
germination of, 25 
Sporogenes vitamin, 69 

Spotted fever, due to Neisseria meningitidis. 
See Meningitis 

due to Rickettsia rickettsi, 935, 1846 
Spreading-factors in bacterial infection, 1012 
Staining of bacteria, 37 

Staining reactions in identification of bacteria, 
358 

Standard deviation, 985 
Standard error, 987 

of a difference, 987, 994 
Standardization of antitoxin, 238. See also 
under individual diseases and organisms 
of disinfectants. See Disinfectants 
Standardization of various reagents. See 
under individual reagents 
Staphylocoagulase, 617 


Staphylococcus, 607-622 

antigenic structure of, 613 
antiserum to, 620, 1504 
bacteriophage typing of, 614 
biochemical reactions of, 612 
capsulation of, 608 
chemical fractionation of, 613 
classification of, 620 
coagulase formation by, 617 
cultural reactions of, 609 
entero toxin of, 616, 1605 
habitat of, 608 

hsemolysin production by, 615, 616 
a-hsemolysin, 615 
^-lysin, 616 
y-lysin, 616 

in broncho-pneumonia, 1667 
in food poisoning, 1604-1608 
in suppurative lesions, 1490-1506 
leucocidin production by, 616 
metabolism of, 610 
morphology of, 608 
pathogenicity of, 618 
pigment production by, 611 
resistance of, to heat and disinfectants, 612 
satellite growth of H. influenzse in relation 
to, 790 

toxin production by, 614, 1605 
toxoid in vaccination, 1506 
vaccines of in treatment, 1505 
albus, 607 et seq., 620, 622 
aurantiacus, 622 
aureus, 607 ei seq,, 621 

in wound infection, 1501-1503 
candicans, 622 
candidus, 622 

citreus, 607 et seq,, 620, 622 
epidermidis, 622 
epidermidis albus, 607 
pyogenes albus, 607 
pyogenes aureus, 607 
pyogenes citreus, 607 
salivarius, 607, 622 
salivarius pyogenes, 607 
Starvation, effect of on resistance, 1201 
Stationary phase of growth, 83, 94 
Statistical methods, use of, 980-1001 
Sterilization, early work on, 7 
of milk, 2053 
Stern reaction, 706 

Stomach, bactericidal mechanisms of, 1020 
normal flora of, 1987 
Stomatitis, aphthous, 1897 

contagious pustular of horses, 1895 
herpetic, 1897 
vesicular of horses, 1907 
Strangles, 581, 582, 1496 
of horses, 1496 
Straus’s reaction, 489, 490 
Streptobacillus moniliformis. See Actinomyces 
muris 

Streptococcus, 559-601 

anaerobic species of, 596, 1772, 1996 
in gas gangrene, 1772 
m puerperal fever, 1484 
in septicaemia, 1491 
antigenic structure of, 572-588 
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Streptococcus, bile, effect of on growth of, 572 
classification of, 579-589 

by changes produced on blood media, 
564 

by fermentation reactions, 569 
growth characters of, 562 
growth requirements of, 562 
haemolysis produced by, 564-569 
haemolytic group of, antigenic structure 
of, 575-588 

chemical structure of, 279, 280, 574- 
577 

Group A, 575, 576, 579, See also 
Str. pyogenes 

Group B, 575, 576, 578, 580. See 
also Str. agalactiae 
Group C, 575, 576, 578, 581, 594 
Group D, 575, 576, 578, 582, 593. 

See also Str. fsecalis 
Group E, 576, 578, 586, 594 
Group F, 576, 578, 586, 594 
Group G, 575, 576, 578, 586, 594 
Group H, 576, 587, 594 
Group K, 576, 578, 587, 594 
Group L, 576, 587, 594 
Group M, 576, 587, 594 
Group N, 576, 587, 594, See also 
Str. lactis 

in normal nasopharynx and tonsils, 
1993, 1994 

matt and glossy forms of, 301, 577, 595 
non-haemolytic variants of, 567 
smooth and rough forms of, 300, 594, 
595 

heat resistance of, 572, 583 
in appendicitis, 1497 
in cholecystitis, 1497 
in mastitis, 1494 
in peritonitis, 1498 
in sinusitis, 1499 

in suppurative lesions of the urinary tract, 
1500 

methylene blue, reduction of by different 
species of, 572 
morphology of, 560 
motile, 562 
pathogenicity of, 590 
toxin production of, 590 
variation in, 594 
acidominimus, 589 
agalactise, 581, 598, 1494 
in mastitis, 1494 
pathogenicity of, 592, 1494 
bovis, 585, 586, 588 
cremoris, 588 
durans, 585 
dysgalactise, 582 

epidemicus, relation of to Str. pyogenes, 580 
egui, 582 
equinus, 589 

fsecalis group of, 572, 583, 593, 600. See 
also Group D and Str. fsecalis 
classification of, 583 
endocarditis in relation to, 1514 
heat resistance of, 572 
in water, 2013, 2025, 2028, 2029 
relation of to Str. lactis, 585 


Streptococcus glycerinaceus, 585 

hsemolyticus, 559. See Str. pyogenes 
inulaceus, 585 
kefir, 588 
lactis, 576, 601 
in milk, 2037 

relation of to fsecalis group, 583-585 
liquefaciens, 585 
mitis, 589 

pneumomse, 559 et seq., 592, 598 
antigenic structure of, 572 
antigenic types of, 1670 
transmutation of, 305 
antigens of, 279 
bile solubility of^ 571 
capsular swelling reaction of, 241 
capsule formation by, 561 
chemical structure of, 574 
diseases caused by, 1496, 1498, 1499, 
1666-1686 

frequency of types in health and dis- 
ease, 1670-1675 
hsemoiysin of, 568, 592 
hyaluronidase production by, 593 
in normal nasopharynx, 1993-1994 
morphology of, 560 
pathogenicity of, 592 
polysaccharide antigens of, 574 
aggressive effects of, 1071 
skin reaction to in pneumonia, 
1685 

stimulation of antibody forma- 
tion by, 1119, 1684 
Type III, bacterial enzyme act- 
ing on, 173, 1682 
rough form of, 300, 595 
saponin solubility of, 571 
typing of in pneumonia, 1678 
variations in, 595 
pyogenes, 559 et seq., 579, 590, 597 

oc- and non-hsemolytic colonies of, 567 
antigenic structure of, 280, 575-577, 
579 

capsule formation by, 561 
chemotherapy in infections with, 
1477, 1485, 1504 

erythrogenic toxin of, 591, 1464-1469 
in relation to toxsemic infection, 
1031 

fibrinolysin produced by, 591 
hsemolysins of, 566, 590 
hyaluronic acid production by, 591 
hyaluronidase production by, 591 
in wound infection, 1501-1503 
infections due to, 1462-1506, 1511, 
1666 

leucocidm of, 590 
local immunity to, 1180-1182 
M and T antigens of, 577 
pathogenicity of, 590 
presence of in normal throat, 1469, 
1993-1994 

spreading factor of, 591 
toxins produced by, 590 
typing of, by agglutination, 577 
by precipitation, 577 
variation in, 594 
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Streptococcus saUvarius, 589 
thermopMlus, 689 
viridans, 564-566 

viridans group of, 564—566, 578, 6885 593, 
600 

in blood after tootb extraction, 1515 
m endocarditis, 1514 
zymogenes, 585 
Streptolysin, 666, 590 

rheumatic fever, in relation to, 1512 
Streptomyces, 382 
Streptomycin, 178 
Streptothi’icin, 175, 179 

Streptothrix. See Actinomyces and Fusiformis 
cuniculi. See Fusiformis necrophorus 
madurfe. See Actinomyces 
moniliformis. See Actinomyces muris 
muris ratti. See Actinomyces muris 
Strongyloplasms, 949 
Stuttgart dog plague, 1837 
Subacute bacterial endocarditis, 1515 
Suicide colonies, 670 
Sulphadiazine, 157 
Sulphaguamdine, 157 
Sulphanilamide, 157 
Sulphapyridine, 157 
Sulphathiazole, 157 
Sulphonamide drugs, 157 

action of on respiratory enzymes of bac- 
teria, 166 

on tissue defences, 1212 
antagonizers of, 159, 160, 161, 165 
chemotherapeutic activity and chemical 
structure of, 167 

mode of action of in vitro, 159, 165 
in vivo, 161, 1211 
Woods-Pildes hypothesis of, 162 
relation of to antibody formation, 1212 
to immunity, 1211 

resistance, acquired, of bacteria to, 160, 
161 

Sulphonamido-crysoidin, 156, 158 
Sulphone compounds in chemotherapy, 171 
Sulphur bacteria, 61 

Sulphur dioxide, effect of on bacteria, 149 
Summer diarrhoea. See Enteritis of infancy 
Sunhght, effect of on bacteria, 102-104 
on media, 102 

Supersonic waves, effect of on bacteria. 111 
Suppurative lesions. See Pyogenic infections 
Surface plate method of counting, 82 
Surface structure in relation to antigenic 
specificity, 263 

Susceptibility to disinfectants in relation to 
age, 85 

Swamp fever, 923, 1836 
of horses, 1966 

Swine, actinomycosis in, 1271 

anaerobic infections of. See Anaerobic 
infections of animals 
blackleg of, 1778 
botriomycosis in, 1492 
Brucella infection of. See Brucella infec- 
tion of swine 

erysipelas, 395, 1283-1285 

fever, 1963 

hog cholera in, 1963 


Swine, influenza, 1661 
plague, 1646 

pleuropneumonia of, 1 964 
pseudotuberculosis of, 1650 
rouget of, 395 

tuberculosis in, 424, 429, 1343, 1348 
vesicular exanthema of, 1908 
Swineherds’ disease 1932, 1934 
Symplasmata, 638 

Synthetic antigens, 253-258. See also Anti- 
gens 

Syphilis, 1812-1825 

diagnosis of, 1816-1824 

by animal inoculation, 1817 
by microscopical examination, 1816 
by serum reactions, 1817-1824 
interpretation of, 1820 
immunity to, 1165, 1813 
in rabbits, experimental, 916 1814-1816 
natural, 1825 

prophylaxis and treatment of, 1824 
pyrotherapy in, 1824 

T antigen of Salmonella bacilli, 303 
Tabardillo, 1841, 1845 
Tears, bactericidal action of, 1025 
Teeth, bactersemia following extraction of, 
1515 

Tellunte media for diphtheria bacilli, 460, 463, 
1374 

Temperature. See also Disinfection. 

on antibody formation, 1204 
on antigen-antibody reactions, 200 
on bacteria in water, 2016 
on bacterial growth, 72 
on bacterial growth rate, 91 
on haemolysis, 227 
on keeping quality of milk, 2037 
external, effect of on resistance to infec- 
tion, 1202 

m identification of bacteria, 360 
optimum, use of in obtaining pure cul- 
tures, 354 

Terms used in description of bacteria, glossary 
of, 369 

of cultural reactions of bacteria, 364-367 
of morphological appearance of bacteria. 
364 

Tetanus, 1746-1767 

absorption and mode of action of toxin in 
1752-1755 
antitoxin to, 1759 
calcium salts in relation to, 1206 
cephalic, 1747 
diagnosis of, 1758 
idiopathic, 1750 
immunity to, 1755 
acquired, 1757 
natural, 1755 
in animals, 1767 
in man, 1746 

epidemiology of, 1746 

distribution of tetanus bacilli in 
nature, 1748 
incidence, 1746 
incubation period, 1747, 1761 
mortality, 1747 
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Tetanus, in man, prophylaxis and treatment of, 
1758-1767 
by toxoid, 1765 

treatment of by prophylactic injec- 
tion of antitoxin, 1761 
by therapeutic injection of anti- 
toxin, 1762 

mode of infection in, 1749 
post -operative, 1751 
neonatorum, 1746 
puerperal, 1746 

reproduction of in animals, 1749 
splanchnic or visceral, 1747 
toxoid, active immunization by, 1765 
standardization of, 1767 
Tetrathionate broth in cultures from enteric 
fever, 1528 

Therapeutic index, 155 
Thermal death point of bacteria, 115 
Thermophilic bacilli, 838 
Clostridia, 872 

Thermoprecipitin test in anthrax, 1738 
Thiamin, 164 

as bacterial vitamin, 64, 66 
Thorium X, effect of on antibody formation, 
1104 

Thread method of standardizing disinfectants, 
145 

Thrombocytobarin reaction, 912, 1833 
Thrushes, plague of, 1968 
Thunberg tube, use of in study of oxidation- 
reduction reactions, 47 

Tick fever, 1803. See also Relapsing fever aiid 
Typhus fever 

due to Brucella tularensis, 1720 
due to Rickettsia, 1846 
due to Treponema, 1803 
due to unknown cause, 1846 
Tick paralysis, 1846 
Tick-borne diseases, 1846 
Ticks in relation to avian spirochsetosis, 1809 
to louping-ill, 1925 
to Nairobi disease, 1967 
to relapsing fever, 1803-1805 
to spotted fever, 1846-1848 
Timothy-grass bacillus. See Mycohacterimn 
phlei 

Tissue cultures, formation of antibodies in, 
1105 

of Rickettsia, 931 
of filtrable viruses, 959-961 
Tissue immunity in relation to local immunity, 
1187 

Toluol, effect of on antibody formation, 1104 
Tonsillitis, 1478 

chemoprophylaxis in, 1479 
chemotherapy in, 1485 
rheumatic fever in relation to, 1511 
Tonsils, flora of, 1524, 1604, 1992-1996 
Total count of bacteria, 80 
Toulon typhus, 1845 
Toxaemia, intestinal, 1990 
Toxicity, measurement of, 995 
Toxigenicity, bacterial, variation in, 306 
Toxin, Lf and Lr dose of, 1384 
Lo and LH- dose of, 239, 1384 
Minimal Lethal Dose of, 238, 1384 


Toxin-antitoxin mixture in diphtheria im- 
munization, 1392 

Toxin-antitoxin reaction, 238-241. See also 
Antigen-antibody reactions 
Toxins, bacterial, 1007-1011. See also under 
individual species 
constitution of, 1009 

mode of action of, 1010. See also under 
various bacteria 
Toxoid, 238 

as prophylactic agent in diphtheria, 1392 
in tetanus, 1765 

Toxoid-antitoxin floccules in diphtheria im- 
munization, 1393 

Toxoid-antitoxin mixtures in diphtheria im- 
munization, 1393 
Toxophore group, 198 
Trachoma, 1878-1880 

Bacterium granulosis in, 901, 1878 
Rickettsia trachomatis in, 1879 
virus origin of, 1879 
Transmutation, of bacteria, 305 
of fibroma to myxoma, 1980 
of papilloma to carcinoma, 1980 
Trench fever, 936, 1851 
Treponema, 908 

anserinum, 911, 914 

in avian spirochsetosis, 1808 
buccalis, 1986 
calUgyrum, 918 
carten, 1804 
cobay se, 919 
cuniculi, 918 

in rabbit syphihs, 1825 
duttoni, 1804 
hispanicum, 1804 
intermedium, 1986 
kochi, 1804 

macrodentium and microdentium, 908, 919 
novyi, 1804 

pallidum, 908 et seq., 915-918 
filtrable form of, 1816 
in syphilis, 1812 
parvum, 908 
persicum, 1804 
pertenue, 912, 918, 1825 
phagedenis, 919 
recurrentis, 910, 912, 913 
in relapsing fever, 1803 
refringens, 918 

in syphilitic lesions, 1817 
sogdianum, 1804 
termitidis, 908 
usbekistanicum, 1804 
venezuel&nse, 1804 
vincenti, 914 

in Vincent’s angina, 1810 
Trypaflavine, 300. See also Acriflavine 
Trytophan as bacterial vitamin, 67, 163 
role of in bacterial nutrition, 65 
Tsutsugamushi fever, 1848 
Tubercle bacillus. See Mycobacterium tuber- 
culosis 

Tuberculin, 410, 1327 

reaction, 1161, 1300-1302, 1324, 1328 
in cattle, 1345 

in contact children, 1303, 1307 
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Tuberculin, reaction, in Joiine’s disease, 1365 
111 guinea-pigs, 1326, 1328 
methods of eliciting, 1324 
relationship of to anaphylaxis, 1161, 
1330 

Tuberculosis, 1289-1349 

allergy in, 1161, 1324. 1326-1336 
relation of to immunity, 1330 
baeillaemia m, 1322 
borne by milk, 1317, 2038 
diagnosis of, 1319 

due to bovine tubercle bacillus, 1289, 
1311, 1317 

epidemiology of, 1291 
factors affecting mortality from, 1293 
race and civilization, 1296 
fatality of infection in early life, 1306 
frequency of in human beings, 1290, 1299- 
1308 

heredity in, 975, 1298 

immunity in, 1326 

in animals, 1342-1349 

in cats and dogs, 427, 429, 1342, 1343 

in cattle, 1342-1348 

m fowls and other birds, 427, 429, 1348 
in goats and sheep, 424, 429, 1343 
in guinea-pigs, 425, 429, 1325 
in horses, 427, 429, 1343 
in mice and rats, 426, 429 
in rabbits, 424, 429, 1343 
in swine, 424, 429, 1342, 1348 
latent, 1303 
mortality from, 1292 
of bovine origin, 1317 et seq. 
of human origin, methods of infection in, 
1308 

prevention of infection, 1336 
prophylactic vaccination against, 1336 
pulmonary, 1309 et seq. 

childhood and adult types, 1314 
due to droplet infection, 1312 
to dust infection, 1312 
endogenous and exogenous infection 
in, 1316 

focal lesions in, 1314 
pathogenesis of, 1314 
silica as kataphylactic agent in relation to 
1207, 1294 

therapeutic immunization against, 1341 
Tularaemia, 1720 

laboratory infections in, 1721 
lemming fever, 1721 
Tumours, filtrable, 1976-1981 
Twort-d’Herelle phenomenon, ^ee Bacterio- 
phage 

“ Two-stage ” hypothesis of antigen -antibody 
reactions, 208 
Tyndalhzation, 7, 114 
Typhoid fever. See Enteric fever 
Typhoid-paratyphoid group. See Salmonella 
Typhus fevers, 1841-1862. See also Rickettsia 
Brazilian spotted fever, 1847 
Brill’s disease, 1841, 1842 
classical type of, 934, 1842, 1845, 1854 
classification of, 1852, 1854 
diagnosis of, 1853-1858 

by complement-fixation test, 1856 


Typhus fevers, diagnosis of, by infection test 
1857 

by virus neutralization test, 1857 
by Weil-Echx test, 1853-1858 
exantiiematic fever of Marseille, 1848 
experimental in gumea-pig. avitaminosis 
in relation to, 1197 
fievre houtonneuse, 1848 
flea-borne, 1845 
gaol fever, 1842 
Kenya fever, 1848 
louse- borne, 1842 
Mexican typhus, 1845 
mite typhus 936, 1849 
murine type of, 935, 1845, 1854 
of Lukes in dogs, 1837 
pathology of, 1844 
prophylaxis and treatment of, 1858 
by serum in, 1861 
by vaccination, 1859 
Q fever, 1850 

Rocky mountain spotted fever, 935, 1846 

Sao Paulo typhus, 1847 

scrub typhus, 936, 1849, 1856 

shop typhus, 1845, 1856 

South African tick fever, 1848 

tahardillo, 1845 

tick- borne, 1846-1848 

trench fever, 1851 

tropical typhus of Malaya, 1845, 1849, 
1855 

tsutsugamushi fever, 936, 1848 
Weil-Felix leaction in, 1853-1858 
Tyrocidin, 174 
Tyrothricin, 174 


Ulcerative lymphangitis of horses, 1403 
Ulcus moile, 1790 
Ultrafiltration, 951 

Ultramicroscopic viruses. See Viruses animal 
Ultra-violet light, disinfecting action of, 105 
effect of on bodily resistance, 1203 
on proteins, 105 
on toxins, 105 

use of in photomicrography, 18, 952 
Undulant fever, 1692-1706 
diagnosis of, 1702 
due to Bt. abortus, 1697 
abortion m, 1698 

butter and cheese infections in, 1701 
contact infections in, 1701 
institutional outbreaks of, 1701 
laboratory infections in, 1701, 1702 
latent infections in, 1699 
milk infections in, 1700 
tonsillar infections in, 1703 
due to Br. melitensis, 1693 

epidemiology of, in Malta, 1694 
in other countries, 1697 
eradication of by stopping of goats’ 
milk, 1695 

infection of fseces and urine in, 1694, 
1703 

due to Br. suis, 1702 

milk in relation to, 1695, 1699, 1700, 1706 

prophylaxis and treatment of, 1706 
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Vaccinabiun, 1888-1890 
complications of, 189 (■ 

Vaccine tlicia])y. jiS'cc muhr indwtdual 
diseases 

Vaccinia, ISS 1-1895. *SV’C also Stnalljjox and 
Chapter 55 

elementary bodies in, 953, 1887 
gcneializcd, in man, 1891 
in rabbit, 122S 

presence of virus in circulating blood, 
1233, 1889 

Vagina, normal flora of, 109() 

Vaiiaiion of bacteria, 288-307. See %n\der 
indiudual species for vaiinlion in era h 
X and /3 phaHca oi antigens, 279, 710 
as a guide to aiibigi’nic structui<‘, 27(5 
- haclcnophage as cause of, 327, 319 
biociitvmCcJ leactions, in t elation to, 292 
colony form, in, 299 
con dated variations, 290 
II -V 0 variation, 270, 291, 717, 
impressed variations, 290 
in relation to enzymo systoma, 295 
to opidoinic spread, 1260 

m size, 358 

during grovvtdi, 85 
induction of, 304 
morphology in, 290 
mucoid variants, 300, 713 
pigment production, in, 290 
p vanant.s, 303 

smooth -> rough (H ->11) vaii.ition, 277, 
278, 299, 717 

production of by growth in immune 
sera, 304 

specific and group phases of flagellar (H) 
antigens, 278, 710 
spore-formation in, 291 
terminology employed in, 288 
transmutation, 305 
virulence in, 303, 30G 
Varicella, 1901 
Variola. iSce Smallpox 

Veilion tube, use of in obtaining pmo cultures, 
353, 752 

Verruga ^^cruana, 903, 1796, 1797 
Vesicular exanthema of swine, 1 90S 
Vesicular stomatitis of horses, 1907 
Vi antigen in Bacterium coil, 715 
Pasteur ella^ 774 
Sabn. balleriip^ 743 
Salm. hormmckeij 744 
Balm, paratygdii B, 720 
8 aim. paratyphi <7, 731 
Balm, typhi, 717, 719, 720, 735, 1525, 1647 
Viable count of bacteiia, 81 
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ViiKidal antibodies, natural, 1226 
Virulence of bacteria. 1005 
incM-'iircnicnt of, 905 
I elation of to infect ivity, 1260 
! ouclirie^s and smouthne^-s in relation to, 
301 

va nation in, 303, 30G 
\ II uhim, 1070 

Virus di'5(‘,a«.t\s, 1869-1981. Bee uiuUr ui- 
dii id uni dtsrascs 
allergy in relation to, 1241 
characterized by catanhal or generalized 
infection, 1949-1971 
bv le.=;ions of the nervous svstem, 
' 1915-1943 

by lesions of the skm, 1884-1910 
by tumour formation, 1976-1981 
hi^to pathology of, 1228 
immunity to, 1225-1242 
Ivmphociranulnma-psittacosis group of, 
1SG9-1SS0 

mechanical factors in relation to lesions 
of, 1212 

mechanism of infection in, 1227 
spieading factor in relation to, 1242 
\'’uus infections, mechanisms of, 1227 
Virus pneumonias, 1875 

cold agglutinins in, 1877 
** Virus ” preparations, 1603 
Viruses, animal, 949-967 

atlinity of for special tissues, 957, 1228 
antigenic structure of, 963, 1210 
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